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Abstract: In this paper, we characterize higher order Riesz transforms on the
Heisenberg group and show that they satisfy dimension  free bounds under some
assumptions on the multipliers. We introduce the reduced Heisenberg group, and
we show that dimension free estimates for Riesz transforms on H™, which
depends very much on the dilation structure of H", does not work for the reduced
Heisenberg group. However, we can view the Riesz transforms on the Heisenberg
group (reduced Heisenberg group) as an operator valued multiplier for the Fourier
transform.

Keywords: Heisenberg group, The Laplacian, Sub-Laplacian, dimension —
free bounds, dimension free estimate.

sl

o 58 Bl g T bob s &) 2alB) Oleliad e ) oMogmd iU 2l O]
issase U, Calderon-Zygmund ssie aulSall gl e aleal ol ooyl oda a0
A Lol oYl Jl 3 dsls oli bl (e de s
oda aliy Lo Auls mplall o 8B QWL 5 R™ e WY 356 by aSeadISI ey Bsd 0
(A sl A oW olise Je 2T Bl 3 oMyed)
sl pé g aol Al Lo leladll 5 Aol L ey Bl 3 o el ods apliy b dulys o F A
or Ak il Bl e el s e e B e ol IS0 s sl e e
[6] .3xedl pat s Jo sy s

(230)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 gai52

comty Mg dadl 5 Taga Ogi Ul il SV an (3

G (bl 30e 3 ) Rolanll Slslad)l Jo ) o Msmd) aagadt OF ud 55V B0V 3
o ¢ Claurri Jel ags 3l she I e Redote wleliad o ) oNsd 02T 350 ol
1 s Coulhon s o H™ s ey st dndl 5> ol i a3

BT o s fninle 3, o Ll Lol o gy oMsd o ol s (3 Jbasi 18l U

ol dll jary o dxdl B T39d> i

b g Condl Mg

& o sLad) Gall ol Sl V1 0 505 2 frite 045 8) [13][7] :(1) iy
Yl Sl 056 Lede ms o(the Siegel upper half space)C™ 1 (L)

xy, 0w, v,s) = (x +u,y+v,t+s +%(u.y — v.x))
JH™ Sl sl odd 5ads
L e gl 0l 3G S5 056 385 H™ = € X R of giosy LS
(2 0w,5) = (24wt +5+1m(z.m))
[12],[10],[4] :(Representation) J.d :(2) iy,

V e Sl i il gl 5,05 ) GL(V) 5090 Q) G 509 0 5125 50 G 58 T Ji2e)
TS Jeth oLaiS opn (heo pb sis eamie slab 2 Ve (

[4],[19] :(Unitary representation) >\ jaedt :(3) s

de sy T(g) 36 g € G S =Y I sad 13) Bty St T el se
(m(g)(), m(g)(w)) = (v,w) ) izt 13 oV
.gEGjU,WEVJfJe-i}I

[7],[14], [4] :(4)

F) i 13 TS Al gxne ¥ slas SUL W C VGl s clad) S sl

(231)



ISSUE Sdatt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 .35

n(gW c W
g EG 5=y
[4] : 1 @) e Jed :(5) iy

sl Ll Glang TS 2y fane ¥ i sliab ol drlgn 413 S LG pe & 0 el e 3l
i Voclad) J) 3Lo) O Laib o dogll alally iz S 5 sladl) 065 o

1Y USCad Ol 33550 ¢l 5 HI™ = € X R S
1 [—
(z,t).(w,s) = <z +wt+s+ Elm(z. W))

Sl e e S (270 1) 2 45 By 501 s 0

E)x] 2 at
d 1 d
]_<a_y]_5 ]a) ]_112' yn
a
T =—
at

[8]: Uedy Copalt £ 35 gy S

n
£==) (6 +¥7)
=1

ey o g Tl et dgnl) Jsadl 2 X, V) o

[S]eastat Ty &5 T oy a8y H™ e g4 OWY Jiss sl s o8
2

'(Cn;}‘u"y”f}/ S Ay e

d d
J 1 J ayj J 6xj

(232)



ISSUE

June 2021

uad
arfubilly soluilll aglsll Alog % N

2021 559

Lo oY el LS of (s

n
1 _
L=— EZ(ZJ-Z, +Z7,Z;)
j=1

Zung) J.g}g 11

G
I

N
S

S
I
~

N
N =
NG

I
:—\
N
S

(1.1)
™ Je £ g4 5Y s wo base sib 55 LS

LZ(R™) s 53 sttt sl elias 3 H™ ¢ ipls 05 0 Ty et e B € R S

(el Al

R o g it ol 5 LP(R™) cple slas e H™ S sty Lt o

[3] :(1) da>s

26 Bl oo 5B Stone_ Von Neumann asye e &7 &2 o il (3 L
oo olry o i oS L2 (R™) e 335 HI™ sl and) st 58 5, i bl
sl Ty 5ol it 3 e 1 Aos Jf 4 A € R 29 e R = R\ {0}

eCAe H"

(%, y, D0(&) = et M) o (£ 4 3)

RS ]an(pELZ(]Rn)Cae-

(233)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 .35

Z=x+ly“:"'°> T[l(ny;t)zeitT[(Z) uﬁﬂ:lbtj
(@) = g +y) e
[2] rcuwepr J193 (7) cippms

WINPT of,fdj;ﬁ tER,k=01,2,.... Ja—iﬂ it ,d 3o S i any T
raslly Hy (t)

2 dk 2
H,(t) = (—=1)ket W{e‘t }

ISl o aalad) oan Jlgs OB s

hi () = (zk\/Ek!)_%Hk(t)e‘%tz

L2 (R) cladh (3 gelsie sasbaze s2e6 [K2d Jlgall o O

P gt e b e Jsadl b 9, P b Ll sl ol s Jigad 5
15 60 € R™ Y s = (0, 0, e, 0 ) sk s o 29 Qi

n
P, (x) = nh“f(xj) ;x = (x1,%2, ., xy) €ER?
j=1

I al) 2l coer L5 s o 5 L2 (R™) sliadld sastase 5256 { D } 055 oes
[16] :(Z]al +n)
H=—-A+ |x|?
Ho, = Qlal + )@y |al = 271 a5 105 e
(=D s Al sl F oy g 505 Jigs Ll s
Fb, = (_i)lalq)a

[10] : (8) i

BN A > 0 =Y 35 ot € > 0 il g 15 (D, D) 53 o Conz S A 3o 0 Usis

Y

“f”fp(g)

{x € G:|Af(x)| > 2} < ¢ ITe

(234)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 gai52

G @iy Jo b o3 ) s [{L Y] e
[6] :(2) tars

Rj 0f Gyalt o 5ol m il 5 oon s 805 o ) s 2l o2 A3
1< p <00 LP(H™) Je s 6 QUL 5 550 2LiSS ol 2 R
(1.1) Grniall g5 e sl odn D SIS

JH™ 500 dny slas ¥ sk odd soudl S &3 e 355 4

[15,17] :(reduced Heisenberg group) il Eppta 30 :(9) iy

(BN 5l oda e o JHITY 5 Wi

H:}ed = Hn/F

I' ={(0,2rk): k € Z}
S K 50 A

aalal ¢l 505 e 3380 il B e Lol e gl olisll pens
[15] :1.2 iy
B drY et Tl e s € il ey 1 < p <00 1 Y

it i f €17 (W)

1
n n 2
Z|ij|2 + Z”@fl2 < oliflly (1.2)
j=1 j=1
p
[9] :(10) ww

AW dendl a8l e e RE S aalll € e (oY kG A= Ay 4+ A, S
W C™ e aslg s WL (p, q) a0 e 5 ,(bigraded solid harmonic) i~
FENEL

(235)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 gai52

P(z) = Z z Copz*ZP
lal=p |Bl=q
tbnd) bos ad P(Z) OF L

P(Az) = A29P(z) ;VAE€EC
His gast] e 9
Hpq = {P € Ppq: AP = 0}
105G Sy il danall Z 5 Z 2 P oogadl s’ STl 0 B 0 e

n
A= ) 3507
j=1
1

0z; = 5 (axj — iaxn+j) HOwS
1 ,
dz, = E(ax]- + Laxn+j)
.(bigraded spherical harmonics) ,i=d s £,8 olislg o8 Hp g oolie O
1 1
bt i) otz o (X5 + 1Y) L7725 (X — 1) L7 7 el 85l gy <2 )
[6] EVPT
JSEIL AN Cyjlalt claet 2z
1
A;(MHQA) 2

AQWHD) 2

[6]. 4 s
el dostally sghl sl 2 AT(A) s A4;(A) S8 AER 5, j=1,2,..,71 J=Y e
(e
d
Ai(A) = — a_fj-l_ A&
. d
Ai(D) = a—f] + A&

N[ =

HOD = =8+ 21x? =5 ) (44D + 4 W4 D)
=1

[6] R™ & oy jge 5o

(236)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 .35

o AL ALl Wl o) s agyes capplizaS HI™ e Wl CoJl s gy oMt pamis
1 1

AFMHQA) 2 5 A/(DHA) 2 e
82942 8 QUL 5 de A5 e Blos ab 38 ) o 3 eds BB s e 355
1<p<owe~, LP(R")
58 ey b e S 5 s 338 el Ll GO Sl ey 3pE auls Ll F 5
ESVL

1

AW H) ™2
1
A DFH@) ™2
e 2 A D) = (AD)) 5 AD) = (4 D)) e i 1 0 2
[15] : < o s
m
G(P)H(A)™ 2
ol 45 Aoz 4y g P i Ul GOl 13 ey o smd Ol e 5Le G
wllis 339 P ao L3l 334 50 Gy (P) 5,C" s (bigraded solid harmonic)
[18] oW el ells 5, by Jisms
0 B A > 0 Y
G, (P)P,, (1) = A"2P+ (—1)PW, (p(pmw_l)

m—q,A
ey LA < 0 =Y
GA(P)Pm(A) = (—/1)"21’“7 (_1)CIWA (P(pn+p+/1q—1)
m—q,

2055 s,mE N ) e

PuOf = > (f,02) 0}

|la|=m
n 1
L) = 1l (12Fx) ;

NGV

_ /1 1,00
(pl?;p+q 1(2) _ Lrli+p+q 1 (EMle)e 7zl

n+p+q—1ah =V o

(237)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 .35

P(2) = 59 els 5 jatee ol Gl 2y gy w¥esd D )l gl n Y1 Ll )
S (0, 1al) 5 (], 0) amt o il 2518 22z by »,Q(2) = 2% 4 2%
e A
[11] a5V cUo gims 5 lis
G,(P) = A(D)*
G,(Q) = A (D)
[15] :1.3 &aje

sl 06, S Byl e 5 P ol S datg 2Bl IS Y

_m

Gr(P)H(A)™ 2
(LD el o im0 5. 1 <P < 00 2o  LP(R™) e Tipas 05
[15] 1.4 iy

xeall 5l Tp F30 06, S iyl e 5, P 3l 5516 sz 18815 67 Y

Wi(Tof) = Wa(F)Ga(PYH(A)™ 2
-(1;1) fj”(f Crrs 9.1 < D < 0 ,Lp((C”) 3&7534& O;Qw
:(11) Gy

3, L2 (R™) e M(A) 53001 a2kt wlisht o 5,0l a0l 35 e aysd culian 8
Sl Ty sl 5

T (Tuf) = fF(DMQ)
Einle 8 e 4y hsf 500 psgde f(l) =m(f) ¢
[15] : s N5 OF s 0V 5 _

G (PYH() ™2

H™ s 505 o b Lsf 50 LS
L2H™) Je W0 UL @op s ppsss¥l H® e 55 U(n) g1 00 5
Ll oda O 5, (P, @) ) o i) 15 el SLBI cLad jp Oy g OF ol
[15] .U(n) s R(0) iz L6 s gty Jnd Bules S5

(238)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 .35

o koaal b 310 adl Ll L2 (R™) J stk bieadd Py (A) 1 505 b Lo

H(A)

[5] i H™ e wabi Jyh de 6 € U(n) W p(0)f 2 Laf o8 5
p(a)f(z,t) = f(oc71zt) (1.3)

[5] :(nonisotropic) usssxy! s waedl 3l 7> 0 =Y

5,.f(z,t) = f(rz,r?t) (1.4)
b L S ALY e s fnls S pegde e Tolaze! Spgdl oy Vs Al Ll !
Al Wog o500 oda e Tyluy 3panedll agamal) Joidl o alolidl ol sl Slay gt oo sl
Erpe 8 e ey OMgmd Al B il Ly Wl (ol sl 8 Tog 522 OBl o OF
sl Sl e ) (3 Ll ol alisanl b ) LY

Ry

[15] :f 52 8,05 o Wbl ot b gy M2 :(12) iy

WSl O o f AN WR(f) by disd S5 A Gt i (i e T Y
Wi(f) = [ onf (@)1 (2,0)dz

Al o H™ o £330l 52 Ty 2o
Sl Gy ey bl el doee
G1(f) = Wa(Fa(N))
SISt agyh bt o0 Fo(f) 2o
o 95D, q) 2 e I w8 anz wsls Py (radial) g s £l 2 e s
td A >0 s

WAP) = G(P) | ) RE, (PP
k=p

3 HA) conpp 50 po gl Wil s P (1) 2

I'(k — nr
(F(k}:—-; Jr)n)(n) [ enoraf (2D " ™" (2)dz

RS =

(239)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 gai52

otz s M(A) S35 L2(H™, Hy ) & L2(H™) sty obeni¥) e ¥ D350 T (S
Y OB ol g, fEL ag)s
i. R(0)Tf(zt)=p(0)Tp(a™)f(zt)
o €EUM) 5 =Y els
i. T8.f(z,t)=6,Tf(zt)
7> 045 =Y el

ii. M@QP,A) = ((2k +n)|/1|)—§<p+q)

S(A)
S(A) 5390241 5 3 an =Y s
SOy g Mo B oples dls ol 1Y e
B(I)f = B(T)
rpball mo ey S o S5 ss
_btq
G (PHA)™ 2
Hy g o salas 5056 s 0 e i P oo

LY

13 s 56 3 K (2, 1) Gmsd sl e O 50 58 T 3300 0

Hpq:Tf(z,t) = fxK(z1)
5y, oLl e Adde Ly o ) Bbalaze B {Yj:j =1,2,..,d(p, q)} i gastl S
1SS ol ks dswe FHp 0 a0 UL 25 d(p, q) e 5 ,[6]

d(p.q) d(p,q)
Tf@= ) Tf@Oy= ) koY (1.5)
j=1 j=1
330 W s p(@) T p(0™Df =R@ T f 5 (1) w2
d(p,q)

RO T f(z,t)=Tp(c™) f(o7 z1t) = z Tip(c™) f(o7 "z, 0)Y;
j=1

(Vi =1,2,..,d(p, @)} se@) & R(0) ) bl shyianli T, (ai,j(a)) K

(240)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 g.593
d(p,q)
z a (Tf(z ) = T; plo) f(6™'2,1) (1.6)
= M Ol day Llows g\ P
d(p.q)
Fr ) ay@Kzt =+ pla™) Kz ) (1.7)
=1

:)i ng.é (PRRTS 9

R(o)K(z,t) = p(c ) K(z,t) = K(oz,t); o € U(n)
N Hy g o ranS 05San K(W, £) 06, W € C™ sasly e 061 Y 4 4 8301 0 o
WG, 0 € UN) s oL ae
ret (W, 1) s o3 ol dls wag S S

k(w,t) = c(w, b)Y,
W & &k U (zonal harmonic) s sy » Y, ¢
OZ =W 2,0 € UN) s18) bSa Z, W sty ame 36T Y
B O JWL
R(o) K(z,t) = K(oz,t) = K(w,t)
e NIRER
c(w,t)Y,, = R(o) K(z,t) = c(z,t) R(0)Y,
it 5 W 45 i oo 553
R(O-)YZ(W) = YZ(Z) = YW(W)
WLy [z] = 1 dk e et c(z,t) O 44 B
K(Z) t) = C(t) YZ
Sl ={zeC|z| =1} cr ,z €SP 5 1Y o3
i U Jes 6, T = T8, (i1) 2o & oY1
K(rz,r%t) = r 2" 2K(z,t)

05, 2 € C™ il =Y &6 sl
Z t t
Kz, ) = |22 2K (o) = lal =22 e () V2

|z| " |z 1zI2/ 1z
1b ol aaad) daz) 4yl Tha, P; oS

P@ = 1271y, ()

Y B e Lad WG s

(241)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 .35

t
Ky(2.6) = 2770 ¢ () Bi(2) = 9,2 0) B@) (18)
i<l bys 34 (radial function) gk s @ g;(z,t) O LY
6pg;=rPT2 g;

Y B Ll s e JH, o e plos s B S
d(p.q) d(p,q)

B(Tf)—z Tif = EC,fK

U)L,aj\caujy oo jy}“ jj—u U‘
M;(2) = Wy(K})
:a¥ el Hecke  Bochner s plascal ales Sg sl
()
K (z) = g} (2)P;(2)
A >0 J=Y 2V Bl s

wi(Fg) = a(R) | D R (9})P) (1.9)
k=p

rtk—p+1r N~
R’/‘l(gf{l) - (F(klfl—q-k)n)(n) J enrvea 91( Z) Qs (2)dz

NGV
g} (rz) = r=2mP4 g7 (2)

Ol LS
RI/}TZ(gJ,.lTZ) = r~Pq Rl/cl(g]l)

(r+q)

Ri(g7) = Ri(gj
Harall Mj(/l) oyl O s B el
M;(A) = G,(Py) Z Crep Pe(D) |2~

k=p

(p+q)

(1.10)

3 5 M(DPL(A) Je 0 50 s

(242)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\

June 2021 2021 .35

(p+q)

k=2pas=y cpp=Qk+n) =
k <p 8,6 (P)P(D) = 0 31 o gl Ks
O Je st QUL

M) = Gy(P) HO)™ 52

C)U}“ 5.2; Lo lda 9
[15] :1.6 dajye

toplial) o W 35 ey b Rp s 523 5 P € Hp g S

G (P HQ) ™ 5

0B e D, g e e L5 B oSy L amld a3 5,SI olod gas Tt T S
5,(1,1) G 531 0 0555 (1 < p < 00 o) LP(H™) e Topi2 05 B(T)
P e olod) jam oF o3
S @

Py(z) = Z]pﬁq N
P(O)Py o 5302 52 O(Py) 31 T ,UM) b w2 Py pL O(Py) + 5249
W asdl Lo et WL

[15] :1.7 iy

i g2 Rp oy ho? 06 ,P € O(Pp) U5 =Y

IRpf I, < Cullflly (1.11)
M) e Jizes O e (1 < p < 00 o) LP(H™) e

(3) >

[4] 3% 33 P s Lol Rp Wl 250 n gy s sl 5 P € Hp 0 sl

(p+q)
2 G(P)

W(Rpf) =W(f)H™
P gk 588 By Lo hiae 2 G(P) 5 f I iy st oo W(f) e

(243)



ISSUE
/@ dyayhilly dylull aglell dlaa

June 2021 2021 .35

p(0)f(z) = f(c712)
gt Le U(n) <6 ) a5

Sl Sl u(0) Jeed st

W(p(o)f) = u(@W(Hulo)*
LAE(R™) S z-56 € UN) 5 pu(o) iis
gVl ampl) riu oY

[6] :1.8 s

1wl o € U) of J=Y

P(ORpf(2) = R (5)p (p(0)f) (2) (1.12)
LY

-

W(R,yspf) = WOH "2 6(p(a™1)P)

(r+q)

=W(OHH 2 p(0)"G(Pulo)
o & s p(0)" e
S Ol S
W(R (g5 f) = 1) W (p(@) ) H™ 7326 (PYu(o)
O SN REN
_(p+q)
W(p(@R,5-1pf) =W(p(@)f)H 2 G(P)

Qu}“ E.’é Lo da 9

(244)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\
!ﬂ!!’ Journal of Humanitarian and Applied JSeiences 1!!5!

June 2021 2021 gai52

Lads 5 ¢ ppls 05 e pgdd) oy homed gl [asladl o Ly 16 RISCIUIRURPIE 0
) Qy\gﬁ J@J\ SJ:>- J}-XA-\ (5] ij.? éj\ C)LQU,U o .J...g.bd\

Sl 5 P canr S8 Al ) ONsd auls (S6 L) W Gl il sda e 1S )
gl g ey oM e odiad) dendl i) Slolas ol s LS s aalad) bl
Y Ol e g daasl Grushin ol S5k

:t'«r\}-\

J,\f;j 9 (-}Lgu 3‘,:_’}4;“ us}-\ .“ (CJ«J}{U& Sje)') \.@.‘.C 2\.1:,&\ VJJ 9 L} J,e) L} KM\)J ” 2\»3’\.«» Dt l
.(2020) ,10.26389/AJSRP.S191019, 14

9 pokald ag Al alsr) S gl 8 J&T:L@d Lol s n Jlos g cunn Jlgs 7oAk e 2
.(2020) ,10.26389/AJSRP.S201019, &Y .z

S g pshall ag Rl Al Bl Ll 3 nle e 5937 S g D
.(2019) ,10.26389/AJSRP.S010719, =3

3 kel dg A5 e 5 e Talazsl agygd fismd y (b ol 7 nadle e 4
.(2020) ,10.26389/AJSRP.S211019, oY

S5y polall a5 ahlal) amilasy frpla 5 Je SH Y e T nadle e 5
.(2020) ,10.26389/AJSRP.S181019, 143

6. Boggarapu, P. and Thangavelu, S.: “Mixed norm estimates for the Riesz
transforms on the Heisenberg group”. Indian institute of science, Bangalore, India,
(2015).

7. Celebi, R., Hendricks, K. and Jordan, M.: “The Heisenberg group and
uncertainty principle in Mathematical physics”. Research program under the
supervision of Dr. Hadi Salamasian, university of Ottawa, (2015).

8. Dasgupta, A., Molahajloo, S. and Wong, M.W.: “The spectrum of the sub
laplacian on the Heisenberg group”. Tohoku Math. J. 63 (2011), 269 276.

9. De Bie, H., Sommen, F. and Wutzig, M.: “Plane wave formulas for spherical,
complex and symplectic harmonics”. Progress in Mathematics, Krijgslaan 281,
Gent, Belgium, (2017).

(245)



ISSUE Skt

(11) Ayiyhilly dilwilll pglsll il 7\
!ﬂ!!’ Journal of Humanitarian and Applied JSeiences 1!!5!

June 2021 2021 .35

10. Fischer, V. and Ruzhansky, M.: “Quantization on nilpotent Lie groups”.
Progress in Mathematics, (2015).

11. Geller, D.: “Spherical harmonics, the Weyl transform and the Fourier
transform on the Heisenberg group”. Canad. J. Math. 36 (1984), no. 4, 615 684.

12. Kisil, V.: “The Heisenberg group in Mathematics and physics”. University of
Leeds, England, Varna, (2016).

13. Krantz, S.: “Explorations in Harmonic Analysis with applications to complex
function theory and the Heisenberg group”. Birkhduser, Boston, (2009).

14. Rottensteiner, D.: “Foundations of Harmonic analysis on the Heisenberg
group”. Progress for obtaining the academic degree: Master of science,
University of Vienna, (2010).

15. Sanjay, P.K. and Thangavelu, S.: “Revisiting Riesz transforms on Heisenberg
groups”. Bangalore, India (2012).

16. Strichartz, R.S.: “Harmonic analysis as spectral theory of laplacians”. J. Funct.
Anal. 87,51 148 (1989).

17. Thangavelu, S.: “Harmonic analysis on the Heisenberg group”. Progress in
Mathematics 159, Birkhduser, Boston, MA, (1998).

18. Thangavelu, S.:* Poisson transform for the Heisenberg group and
eigenfunctions of the sub-laplacian ”. Indian institute of science, Bangalore,
India, (2006).

19. Woit, P.: “Quantum theory, groups and representations: An introduction
(final draft version)”. Columbia university, (2017).

(246)



