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FHIRZ LR AR i Heisenberg B EAE Rl A, Lbandlfsgeon 57 7288 .
Laguerre FUFRIR . BZIIRSESE, AIULSC (1, 2, 5, 14] KHSH R, —Meth, Prfhrir
() m FER A AL A —H45 . Berenstein Ml Chang %A B FIf] Laguerre FUM1 753515
F]T Heisenberg #f_EHRFHO 70 m FIRAIEAMF. Laguerre Bl HIR ZR G T4 R
BB, AR 2 5 TR FEAS s n] LA i P R A, W WLSC [5, 6, 8] K HiZ: 2 30k
Zeflih, AT oRITELRIIUIC Heisenberg #F EIRPEHITTTHT m TR Y JEAS i iy [
W om =1, 4R 26 Hysh T PUIC Heisenberg Bf B8 iy FROFEAME. #F— 1, Chang il
Markina ) DL J Tie #il Wong 19 183 T b -hrilr 5y Foy A, X B, Fof 1472 R B Ay
Fourier AR i 74 i& U IC Heisenberg #E_FEIRFEHTTHT m BRI A

X q=(q,...,q,) € H", iX B H FRIECHMAEL 12

Qi1 = T4i41 + Tajy211 + Ta4302 + T414413,
ﬂ\:EFI Tal45 € Ra I = Oa"'an_ ]-7 ] = 17"'747 ila i?a Z‘3 IEI"E H B"J@%ﬁ%’fﬁﬁa #HZV%/@
i =02 =i =—1, iy =i3.
x BN T = 2o — 2191 — 2202 — 2303, Re = 2, Im @ = z1i1 + x2ip + x3i3. WHAL © FIE
HIEAE (21, 2, 23).
PU5T Heisenberg B 57, 2 H™ x R3, 3254

n—1

(Q7 t) ' (q/a t/) = (q + qu 5+ S/ + 2 Z Im(Ql+1ql/+1)>?
=0

HA (q,1), (¢/,t") € H® x R3.
B o, FROREEERI A A, BARR

4n 3
A, = —ZXJQ + 4Zi51€58tﬁ,
j=1 B=1

HAo k= (k1, k2, k3) € R3, X; J& 7, EAEREEY (B W58 2 79).

it AT JE Ag 1 m IKEE, 5 Heisenberg BEERL, 557 Ax J2& Oy = 000; + 950, TERITE A2,
B (0,1)- BAFEER. X B 6, £ Cauchy Riemann-Fueter 71, 95 J& 0, B34, 56
T A BASETHE R ILSC [9, 19]. ASSCHY HEGRMIE A HIFEA R,

H T4 FEBEL R, RATETIAN AR,

XA eR3, id

3
A=1
Hrr B &4~ 4n x 4n HiRE, B

BP = diag{tP,b°,...,b°}, B=1,2,3, (1.2)
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it [BY = [(BNT B2,

3
g 1:3) = {|BMeoth(|B ), 2) —iM(1), A1) = 3 st (13)
=1
EIE 1.1 &k ¢e.. a AT BIFEREN
I'(2n — B 3 —iY % igraAs
G t) e 2N =M E3) / det [ 2] c 7 d),
22n42m (97)2n 3T (m) Jps sinh|BA| glx, t; \)2n—m+3

XH (2,t) e R4 x R3, z £ 0, Hf
2n

3
€ = {12 igkpAg + Z [A|(2a; +1) =0, a = (aq,...,q0,) € N2”}. (1.4)
B=1 Jj=1

ASCHE 5 7. 5 2 4 H T PUIT Heisenberg #EAYE LA S RE L Fourier AF#eRHip. & F
Heisenberg #f 2% Fourier IR AR Z N H, AJULSC [10, 16, 25]. SEizH, XSO A] DAAE) 2] H
ftbfy H- 798¢ I, HAnPU ST Heisenberg BEA1/\JC Heisenberg #f. T 22 ¥yt T8 it Ly f
POUr A A A . WA E 18] R RZFe M T PG Heisenberg # I & -CF %A Szegd 4.
TN P9 R T ASCE Heisenberg B RAYHISCTLL AT T HE LA IENI AL 25 3 4958 T
A™ [ Fourier 25, 84t 7 J5/&—> Hilbert-Schmidt 7. 55 4 F5F|H Plancherel /A2 15%

T A™ RS FR. Ba, M m = 1,2,3 fIEE, 1538 7 RAMRE AR FEL R

2 Mt Heisenberg #_L#Y Fourier 3%

TESZAEAR 22T, WG Heisenberg BERT LIS N

n—1 4

(x,t) - (2/,t) = (m + a2’ tg 4t +2 Z Z bgjx4l+k:zzﬁu+j>, (2.1)
1=0 k,j=1
KH B =1,2,3, x=(21,...,240) € R, t = (t1, 0, t3) € R, o/, ' WRAZRMILT 2 3, 01, 07, 0
T2 SR PR R
0 1 0 O 0 0O 1 0 0 0 0 1
-1 0 0 O 0 0 0 1 0 0 -1 0
b= b= b= 2.2
0 00 -1 |’ -1 0 0 0 |’ 0 1 0 O (2:2)
0 0 1 0 0 -1 0 0 -1 0 0 0
BHWAIE bt b2, b3 W e R
(b1)2 _ (b2)2 — (b3)2 _ 7]', b1b2 _ b3.
HATTLURZSE (2.1) BN
4n
(x,t) (2, 1) = (x+x’,t5 + 15 +2 Z Blfjxkx;),
k,j=1

Hep B7 i (1.2) & it

3 4n
Xj =0, 42> Y B oy, (2.3)

B=1k=1
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J=1,...4n, J& 4, LAY, HHEEU TR
3
Xk, X;] =465, Y B,fjatﬁ, (2.4)
B=1

Hrp g k=1,...,4n, B i (1.2) 4.

BAEFRNTER ] AR LRSI RS A, IR T UL SC [16, 18, 22-25].

B @ R X RV RO HIZABAT

4n
O(z,2') = (®'(z,2), ®*(x,2"), ®3(x,2")), ®°(2,2) = Z Bkakx;, f=1,23,
k=1
Het z,2" e R, # o6, W25 AN
(z,t) - (2, 1) = (@ + 2/, t + +2B(z,2")).

KT AR L Hormition BAHORERRIE TS (16 M50, SN T2
XIPRBLGT @ IR, BATTLAWSC (18, 22-24]. X, HFEFRGANI ST Heisenberg #f LAY
Fourier A5,

B 0= (01, van) € BRI, ()} % R QIIESSHE, ¥ 0,F 2 £ 48 R R v (077 S
%&a Ep 0y = Z;lil 'Ujamj- }J\Wﬁ

Xj = 0qp; +2®(v,e5)0;, j=1,...,4n.

é\

4n
X, = Zvaj = 0y + 2P(x,v)0;
j=1

& A LRSI Y, 25 S R
(X, Xor] = 4P (v,0") - Oy,
Het ®(v,0") 05 = Y5, @7 (v,0') - By, XA ER?, L
P Nw,v") ==X (®(v,0")) = ' BM.
By @ REIFRAY, E—2HIESSHE (v, ... vy, } T ALV AhREsd, R
DN}, V3 ;) = — MV v) = AL A>0, j=1,...,n
MHEBHTRAE (v, v)) = 0. AZRIE £i|A & B fFHE, j=1,....n.
WX} =X, =12, 40 00w 2 A IATAEERR. TRFE N € R, {#i5
71'(0, S) — ei)\(s)7 }?E_
dr([Xo, Xor]) = 4iN@(v,0)) = 4iD> (v, 0"). (2.5)
HER|
[Xj\,Xz)\nH] = 4(1)(1}3\’?}2)\n+j) - Os,
HHXMHE TRA [X), X = 0. B (2.5) ATLAEE]
dr([X}, Xa,45]) = 4\,
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ABSHHE THRA dr((X, X)) = 0. B |A| £ 0, 7 "JRASEHL N 24 L2(R?) AR [ 4 5%,

dra(X}) =20¢,, dma(X3,,;) =2i[\&, j=1,2,....2n. (2.6)
Hoz b, BATATLME © € R BR o = o™ + 2™, Hrp
2n 2n
= Z:cj)‘v]’\ eR¥, M= Zwé\nﬂ-vé\nﬂ- € R", (2.7)
j=1 j=1

(z,t) = (0,t — 2@z, 2™)) - (z*,0) - (2, 0), (2.8)

m(z,t) =m0 (0,8 — 20(z™,2™)) o ma(z™,0) o ma(z,0), (2.9)
Heft @M 2V) = = 3030 ad, e AL B ¢ € LA(R?), dmy iBUMER N
(77)\(‘%)\/’0)(25)(5) :¢(£+2g)7 z= (ZE%,...,QS‘%\”), (2 10)
(ma(2,0)4)(€) = X% M&w2uis (). '
H (2.7)—(2.10), ®BAiTE
[ma (2, £)§)(€) = X OF2IN T8 w30y €427 (¢ 1 27). (2.11)
ma(a,t) & L2(R?) ERESET. MR m (v, s) - (2,t) = ma(y, s)ma (e, t) TTE m(a,t) &
S, IR,
W f el (), BX
m(f) = f(x,t)ﬁ)\(x,t)_ldyds,
T,
LI A FRIERL
f g t) = / oy, 9)"" - (2.0)F(y, 5)dyds.

A RABRUE A B

MR 2.1 (1) m(f)" =m(f), A f(2,t) = f(-2,~1).

(it) mA(f * k) = ma(k)ma(f), [, k € L1(A4).

(i) (Y f) = m(Y)ma(f), Y RAEEI AL m .

FRATLISEIRE 2, 1Y Plancherel 243K,

MR 2.2 (Plancherel ARXFAR) % f,9 € LY(52,) N L2(4,), A € R3, ma(f) =—1
Hilbert-Schmidt 5317, 3fH.

(1.9) = gm0 ma@)slARdA (212)
HA (ma(f), 7a(9))us = tr(ma(f)ma(g)*). XF f € F (), Plancherel /A2 N:

1 n
F0:5) = Gy [, 0o (O DA (213)
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o =10, AR (2.12) 7E3C [18, 22] F44H. PUIT Heisenberg B LAY Plancherel 237
IEMI5 /\JC Heisenberg FRAYUERAZSA, FTULSC (24, B 4.1]. fEX HEAEEE T

3 A™ §y Fourier 3§

8 by AE 7 ) Hermitian pREL:

1

j
T4 t/2d _42?

hj(t) = Tﬂj' 7
TWRT L*(R) f—4%E. HEZLEIEIR o = (a1,...,a0,) € N*" i0

H A ha, ([A]V2€5).

B HS(L*(R*™)) 4 L*(R*") LB AR Hilbert-Schmidt 5774 sl 23], 1A 50T
513 3.1 dm\(A)) € HS(L*(R*)), H-H.

2n

3 m
dma(A) = 2% [Z (2 — I\PE2) +iZiﬁmaAﬁ} ,

j=1

dra (AR sz{ZM 205 + 1) +lzz5nﬁxﬁ] h. (3.1)
B=1

JFBA W (2.6) A[fE
dm<_ZXj2> = d7r,\<— Z(XJW) = —42 % —INPE)
XHp dma(9y,) = iAg ATA

3
dﬂ')\ = —42 85 |)\‘2§JQ) +4iZi51€5)\g,

B=1
ESps)

(—(d/dt)* +t*)h; = (2j + 1)y,
T

dm(Ay) [ZM 2a; 4+ 1) —|—1Zz/mﬁ)\g} o
B=1

BIGHIZRIEIN dmy (A7) = [dma(Ag)]™ F3iH. IR

M (3.1) AR, BHY k¢ e, 5T dma (A7) AT, K e B (1.4) 25, XHE
BARE] T LT R 5B

51 3.2 (&K k¢ ex, dma(AT) REANERY, dma (A7) BESTH

A>\
G”Zl )\ — o, —,
W Ea: 22 [ 3200 N2y + 1) +1 35 dsrss]
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H A}, € HS(L2(R?™)) ff
A) gh = 0ur ghi.
T
dr(A™)G™(N) = id.
mx WEERETCRE SCH
Xovor (U 8) 1= (ma(y, ), b))
5|38 3.3 Xt (z,t) € R x R?, A € R3\{0}, TJ&
Xova(@:1) = A0 ﬁe-‘” LD @A 1),
j=1
Hepzp =2} i, 5, j=1,...,2n, L§O) J& Laguerre ZIi=:
J

0 () VA ) i
LY () Z( .

j—m)m! m!

m=0
VEBR RERESCHYTH SR WS (18, 22-24]. X LTSS (22, 518 4.2] 201 B3¢ [22, 51HE 4.1.1]
Bk

/ A hy(s + p/2)hy(s — p/2)ds = e~ HPHI LO(|p 4 ig[2/2), (3:2)
R
HetpgeR.
711578
2n
: S\ 2n A R 1 1 1
Xoal,t) = / ML G2 225 €47 TT b, (A2 (& + 22))) hay, (IN2€5) 1N 2 d
R2n j:l
2n
i i Fy2n € 1 1
=0 [ b6 T o, (6 + o, 6 = A2 e
j=1

2n
= O TT e~ M3 P Hm2nss O LO (2N (|22 + [23441%))-
j=1

TESE AR TR T A4 i
INE (& +a)) = &
RIGHSRRAE (3.2) e
p=2A22}, q=2\*x),,,

HEFIY. GEE.

4 AT BVEKRE

AT AP EARRIGBSMER. X Heiscnberg BTG, Berenstein fl Chang 4% 7
FIH Laguerre BUMAI SR T HAMR, i Kumar A1 Mishra 15 F T 5471k
LI TR 75530 [22-25] MOARDGH R,
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Xt o € (A, FIH Plancherel AR E XA 9 € S (4,):
r @)= [ (GO mesARd

tI‘(A ﬂ-)\(@)) 2n
A2\
~/1R3 Z 22m 2"1 [A)( 20 + 1) + 12%:1 ’L'glig)\g] M
(ma(p) iy, hiy) 2n
- A2 dA
/RS Ea«: 22m[2521 [Al(20 +1) + IZQ 1 ’ﬁ“ﬁ)‘ﬁ] 4
<7T ( )hé’hg> 2n
- A27dA, 4.1
/R3 ; [22m ZjT:Ll IAl(2a; +1) + 125:1 iﬁ”ﬁAﬁ]m| | -y
FESEIA A A B TR 2.1.
EEE
(m(Fha by = [ f ) (ma(, ) By, by dadt
7n (4.2)
= [ 1@t oo —t)dade,
T
Hrp fe 7(4,). ¥ (4.2) AN (4.1), 7[R
22m (2 )23 (g™ o) = / d>\/ (z,t, Np(z, )| A[*"dadt,
RB
Hr \
V(@ t,0) =3 Xao(?,) . (4.3)

@ [2321 [Al(2e; +1) + 12221 iﬁ“ﬁ)‘ﬁ]m
B fe L), 0 Fha,a) = ()R, ). A N > 2n —m + 1, F4E—4~ Sobolev
TR || - (| FIFEL e > 0, HEAHER [ € S (),

. e
A.
Jsena) < o A+ 22, Al 2ay £ )Y

(WL3C [16, 317 3.6)). 3HE—HH, XA —4 N, #7418 Cn > 0, 7%
1 L+ A"
< G, N —xigm— 4.4
20 S N2y + )E 2 N@ay 1) DR (44)
(W3 [16, 513 6.2]). A4

(@™ ) ‘/ (N a, ) |
" [y w (2a; + 1)+ [A]]"

A" d\

|/\‘2n
C / dA
<Ol [ s S, ey + )V [ N ag + 1) + A
/ m )‘2n 1"
< Cllelly [ 8™ OuR)T 2w dh < Cllely
S5k (0, ) 2 (44) B, AT K S AV
BASE S NI (4.3). T B9, ST S A R

2n 3 —m

{Z IN(2ey +1)+i) ignﬂAg}

j=1 p=1
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HH-MBSER. HEE
1 _ 1 > m—1_—Ar
am —F(m) /0 r e dr, Re(A) > 0. (4.5)

HBUT (4.5) FI5IFE 3.3, AT{5

A
Xav,a (% 1)
‘I’m($7t, )\) = Z o 3 . m

iA(t) 00 ) ] .
_N / —Lg=ir 4y iarara—r(S 20, [Al(20,+1)
o I'(m) Jo

2n
L= P L @I P
j=1
TR Laguerre Z 32 B EZCRA, H

1 tw(X)

Xaj LY 0w = 5y T

%
; 2
_ e)‘(t) o m—1_—ir>3_ igrss T —Alr=|Al |2} ? .- —2|Alryay 7 (0) A2
() = o [T et Sy iomss T e DS (e LO 2] 22 ) dr
T(m) Jo j=1 a;=0 ’
. 2n _ - r
_ oA (D) /oo P Y H e—IAIT e,\)\||z]<\|2[1+12fe_22‘?)‘\|r]dr
F(m) 0 ot 1— e 2Alr
it 00 2n
_ e' ) / Tm—lefirzgzl igkgAg H 1 e_‘)\| ‘Z;\|2C0th(|MT)dT
L'(m) J, i 2sinh(|A|r)
e T T S | z2
_ 1 — Zﬁzlwﬁg)\ﬁ — Al 123 Cothrd :
F(m)|)\|m/0 r € JI:[1 QSinhre ’ "

TR JE SR T AR (A — 7
H T TR, BATFINBA R
gz, t;r, \) = —iA(t) + |z|2cothr,
HA 22 = 7 |22 A @ # 0, TFE—AHH o 8 |g(z, 157, )| > clz? > 0, AT

/\I/m(m,t7)\)¢|)\|2”d)\

RS

1 o0 3 e} 2n 1 A

- d\ m—1,=ir >3 igrpAs g / A\[2n—m+2 —g(z,tm. M) N5\
I'(m) /5 /0 noe r )y W EQSinhre A

2n

:M/ dj\/ Tm—1e—ir§)g:115miﬁl—[ .1 } dr.
I'(m) 52 0 2sinhr g(z, t; 7, \)2n—m+3

Jj=1

A=A, B 2] = (2, A1
gz, t;m, \)r = —iX(t) + |A| |2]*cothr.
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24 suppp N {(z,t);2 =0} = 0 i,

_ I'(2n—m+3) |B| 2 o il forisnads
\I/ 2n — 4
/RS m (@, A)PAIT A T(m) /]R det (2sinh|B’\| g(z,t,A)zn mrPdd, (46)

Ho g, 0) i (13) i
TR

I'(2n —m+ 3)
m _ t
(G, o) 22n+2m (277) 27437 () /JR3 e (Sinh|B/\|

FIE 1.1 898 1 (2.12) Ml g = —ig, 1= —i W[5
dﬂ)( ) dﬂ')\(Am)

1 . 3 .
B\ et Thaio
e\ PdA. (4.7

Xt e s (), H

(2m)" ARG ¢ (dma(AT)TA(G"), T () ms A" dA

), dma (AT )ma (@) us | A*"dA

YR, R IAPdA

a? (63

=1,
= [
= [ (GO dm(A7)m (slA
g »>
/ ©))| A2
2

)2n+3 (O O)
SR AERE T AR (2.13).

5 9,909 BEAKET

E—MER m=1

W om =1, n =1, Tie fil Wong 19 441 T IHAMA HIAFER. MITBAHET A 1Y
Green %L, i Chang Al Markina ) Fi T 54—k, FEA o, NG HBET AR (4.7) %t
R n > 1 Fe 50 AR Bk ik K

B A(k) = Y5, igkighs. % m =11}, B4 (4.6) K

2 2 [ —iA(k)
/ @y (a1, gl APrdA = LT 2) / dA/ © S
R3 2 52 0 sinhznr[ —iA(t) + |z[?cothr]
€

I'(2n +2) / . /°° —iXE)r _
= d\ - odr.
2l Jge oo sinh®*7 [ — iA(t) + |z[2cothr] 2t

A et 5y

/oo —iX(k)r p
N T
—o0 sinh®*r [ —iA(t) + |2|2cothr] a2
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. —on— 1 2 A ~2n
[ —iA(t) + |2|*cothr] 2o —4Aa— [ —iA(t) + |2|*cothr] o
2n(2n — 1)A2 Op2

/oo efi)\(n)r

dr
so sinh®™ 7| —i\(t) + |2|2cothr] a2

NN
jm

1 92 /oo e—i)\(n)r J (5'1)
= - < nar.

2n(2n + 1)A? 02 J sinh2"r[ —iA(t) + |z[?cothr] 2
KT HER (5.1) f, B

r=[zl" + A@)7T: (52)
Al
¢ = r2(|2[2 — iA(1)), (5.3)
He
oe(-33)
GllERER: 52
cosh(r + i¢) = coshr cos ¢ + isinhr sin ¢, (5.4)
153
oo e—iA(R)T 1 0 e~ iA(R)T
/oo sinhznr[ —iA(t) + |z|2cothr] = rin /,Oo mdr'
BT
o0 —izy v—1
/_Oo cosh?’(am +0b) do = a2F(v) eiyb/ap<g a i%)l"(% * i%)’
B2,
0o e—iA(R)r
[m sinh®"r [ — iA(#) + |2[2cothr] " i
r%%e_“”)w (n - @) r (n + @) : (5.5)

K (5.2), (5.3) A (5.5), ATLARZ]

/°° eiAK) o 22711 (n — i*_(T“))r(n 2R -

oo sinh?r[ —iA(£) + |2[2cothr]®" T T(2n)(12[2 + iA(8)HEE (|2]2 — i)

é\

a:n—f—m, b= )

2 2
AT (122 +1M(E) (212 — iA®) 70 Tt B —B R S E0E

2 ) =212 — A ()b — [(b—a2|z|2+(a+b)15\€t)]iAﬁ.
atk [(‘ | + (t)) (| | (t)) ] (|Z|2+i/\(t))a+l(|2|2—i (t))b‘H
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PR =B SR, (5.1) By

o0 e—i)\(n)
/ 2 2 Sz dr
—co sinh® 7 — iA(t) + |z[2cothr]
_ 22 (4 PP (n—2)  (20-22(k)) 22+ (4n+2)A(K)A®D) 22— 2020+ 1)A%(1)

ix(r) ix(r)

2n(2n+1)T'(2n) (2]2 + A (@)" 2= 252 (|22 — iA()) 2+ 25

F, FATHEUERA T LA @ B
FIE 5.1 %k BUESME. A, B9 Green L9 K

(A k) / (2n — X2(K))|2]% + (4n + 2)A(K)A®)|2]2 = 2n(2n 4+ 1)A2(t) <
S2

1 _
gﬂ - 8(27r)2"+3

A Die B\ ik d)\,
(212 4+ A (82252 (|22 — i ()24 557

=

W k=0, HF Ao K
4n
Ao = 7ZX]27
j=1

HEH 5.1 FATrT LURE S DL T 2518
#it 5.2 o7, EITT Ao WA
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