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K-QUI PAO LUONG TU CUA MD5-NHOM
Dwong Minh Thanh
1.  Mé dau
Luong tir hoa la qué trinh xay dung mot hé luong tir tir mot hé co dién nho

qui tic luong tir. Mot dai lugng cb dién F duoc luong tir hod thanh dai lugng
luong tir Q(f), thoa man nguyén |i bat dinh Dirac :

Q(f,9)=in"[Q(f),Q(9)]

NGi cach khac, anh xa lwong tir i77'Q chinh 12 mot dong cau dai sé Lie tng
véi moc Poisson va giao hoan ta.

Vé phuong dién toan hoc co thé coi Herman Weyl 12 ngudi khoi xudng
khai niém lugng tir khi 6ng xay dung anh xa Q tr cac dai lugng co dién — cac
ham trén khong gian pha [0 2", dén cac dai luong luong tir, tirc 12 cAc toan tir trén
khong gian Hilbert L*(11%") :

Q:C” (U 2“)—>B(L2(D 2))
f > Q(f)

Ngay tir nhitng nam 70, Berezin d4 dua ra dinh nghia toan hoc tong quat
cua khai niém luong tir, d6 12 mot ham tir tir pham tri co hoc ¢d dién sang pham
tru cac dai sd két hop. Cung thoi véi Berezin con c6 cac nha toan hoc Bayen,
Flato, Fronsdal, Lichnerowicz va Sternheimer d& xét hrong tir hod nhu 1 sy bién
dang cua tich giao hoan thong thudong cic ham thanh mot *, —tich két hop,
khong giao hoan, dugc tham s6 hoa boi hang s6 Plank va thoa man nguyén tic
tuong thich. Ho d& phat trién mot cach co hé thong khai niém vé luong tir hod
bién dang, coi nd 12 mot Ii thuyét vé =—tich va dya trén khai niém nay ho da
nhan duoc cac cong thirc ¢t va mai, doc lap vai co hoc lugng tir.

Mot hé trong co hoc ¢b dién 1a mot da tap symplectic ma ta goi 1a khdng

gian pha va mot ham Hamilton H trén X. Mot luong tir hoa mot hé ¢d dién X
gom c6 3 phan [1] :

" ThS, Khoa Vit li, Truong DHSP TP.HCM
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1. Mot ho cic dai s6 phirc khong giao hoan A, phu thudc vao tham sé thuc
7, Ma ta s& dong nhat voi hang sé Planck, théa man :
A, — A=C*(X)® khi 7 —0
2. Ho cac 4nh xa tuyén tinh Q,:A> A goi 1a cac toan tir lugng tir thoa
man tinh chat :

Q,(F)* Q,(G)-Q (6)*,Q,(F)
h

—{F,G} khi >0

véi {,} la moc Poisson trong A.

3. Mot biéu bién A trén khong gian Hilbert H,, R: A — End(H, ). Cac

X1
ham thyc trong A, (e C*(X)) twong (mg véi cac todn tir Hermit. CAc phan tir cua

A, duogc goi la d6i twong hrong tir.

Budc dau tién dé tim ra mot lugng tir hod cia mot hé vat Ii ¢o dién 1a xay
dung mot bién dang hinh thirc cta cac déi trgng Poisson c6 dién [2]. Cach xay
dung nay dau tién dugc Berezin [1] dua ra bang cach xay dung = —tich cho da tap
Kahler va dua ra cong thic tich phan twong minh cua *—tich khi 7 1a sé thuec.
Sau d6, De Wilde va Lecomte [3] va Fedosov [9] gan nhu cung lic xdy dung va
phan loai =—tich hinh thirc trén cac da tap symplectic tong quat. Etingof va
Kazhdan [8] chimg minh sy t6n tai cia bién dang hinh thirc cho 16p céc da tap
Poisson khéc, cac nhom Poisson-Lie. Cubi cling, Kontsevich [10] d chimg minh
dugc sy ton tai cia ~—tich trén da tap Poisson tong quat. Va gan day,
Reshetekhin va Taktajan da dua ra cong thire tich phan twdng minh ctia *—tich
hinh thire trén moi da tap Kahler.

Theo co hoc lugng tir thi cO sy twong Gtng mdt cach hinh thuc gitra hé co
hoc c¢6 dién va hé co hoc lugng tir. Vi vdy, bang qua trinh lrong tir hod mot hé co
hoc ¢b dién chép nhan duogc cua mot nhoém ddi xtmg G cho trudc, ta cé thé hi
vong thu dugc cac biéu dién unita cia nhém G 1én khong gian Hilbert H cia mot
hé luong tir trong Gmg va tién gan dén 101 giai ctia bai toan ddi ngau unita, tirc 1a
bai toan phan loai tat ca cac biéu dién cua nhom G, bai toan trung tam cia li
thuyét biéu dién.
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Nghién ctru va phan loai biéu dién cta dai sé Lie hay nhém Lie cho ta
nhitng thong tin vé chinh nhém d6 va cia céc dai s6 nhom twong tng. Viéc giai
quyét bai toan nay rat phirc tap va hién nay dang dugc cac nha toan hoc nghién
ctru nham ¢ ging xay dung va md ta mot cach twong minh. Dé giai quyét bai
toan nay, phuong phap qui dao ctia A. A. Kirillov da ra doi va nhanh chong tro
thanh mot cong cu cia dac luc doi voi li thuyét biéu dién. Trong phuong phap
d6, Kirillov d4 xuat phat tir phan thd mot chiéu trén cac da tap symplectic thuan
nhét xay dung tir cac K-qui dao trong G* dé thu dugc biéu dién ciia nhém Lie G.
Tiép theo 6ng clng voi B. Kostant da hinh hoc hod phuwong phap qui dao bang
cach xay dung Ii thuyét luong tir hod trén cac da tap symplectic thuan nhat chat
ma ta van goi do 1a luong tir hoa hinh hoc.

Vao nhitng nam 79-80, B Ngoc Diép cling cic cong su ctia minh di dé
XUat ra qui tic luwong tir hod hinh hoc nhiéu chiéu [4]. Dua vao d6 ma ching ta co
thé thu duge kha nhiéu biéu dién cia nhém Lie G.

Chuong trinh nghién ctru bai toan ddi ngiu unita thong qua luong tir ho
bién dang d4 thu nhiéu két qua quan trong. Day 1a mot van dé kho va duoc nhidu
nha toan hoc quan tdm. Tuy nhién, cac tac gia hodc la dua ra mdt cong thic
luong tir tong quat, hodc khang dinh sy ton tai cia ching nén khong thé ap dung
truc tiép vao nhimg trudng hop cu thé dé dua ra nhimg cong thirc lugng tir tuong
minh.

Chung t6i quan tdm nhiéu hon dén mot 16p con cac nhom Lie thuc giai
dugc ma cac K-qui dao ciia né hodc 1a 0-chiéu hodc c6 chiéu cuc dai [4]. Lop
nay dau tién duoc DS Ngoc Diép dua ra vao khoang nam 1975 tir viéc nghién
clru cac tinh chat cia nhom cac bién doi affin trén duong thang thuyc affl]l va
duogc goi 14 16p MD-nhom, dai so Lie twong g ciia MD-nhém duge goi 1a MD-
dai s6. Néu sb chiéu cyc dai ding bang s chiéu cia nhom thi ta goi 1a MD -
nhom. Pai sb Lie twong tmg véi MD -nhém duoc goi 1a MD -dai s6.

Nam 1984, HO Hiru Viét d4 liét ké va phan loai triét dé 16p cac MD -dai sb.
Lép nay chi bao gdm céc dai s6 Lie giao hoan n-chiéu 0" (n>1), dai s6 Lie 2-
chiéu affl] va dai sb Lie 4-chiéu affl] [13]. Tuy nhién, viéc phan loai va nghién
ctru 16p cac MD-nhoém va MD-dai s6 hién nay van dang 13 bai toan mo.
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Dé don gian thi ngudi ta phan chia 16p cac MD-nhom va MD-dai s6 theo sb
chiéu, lac d6 ta ki hiéu 12 MDn-nhdm va MDn-dai sé (n twong Gmg véi s6 chiéu
ctia nhm). Lép nhom Lie MD4 da duge Lé Anh Vil liét ké va phan loai triét dé,
btrc tranh cac K-qui dao cua 16p nhom nay cling dugc mo ta twong minh [14].

Nam 1999, D6 Ngoc Diép va Nguyén Viét Hai dd xay dung luong tir hod
bién dang trén cac K-qui dao ctia 16p MD-nhom va lép MD4-nhém, dong thoi
dua ra cic biéu dién unita v6 han chiéu twong tmg cta cac 16p nhom nay [5], [6],
[7]. Tir 6 dén nay, chua c6 két qua nao twong tu duoc cong bd ddi véi bat ki mot
MD5-nhom nao.

Trong bai b&o nay, chung tdi s¢ xay dung cac K-qui dao lugng tir tir cac K-
qui dao ctia mot MD5-nhom don lién lién théng tuong tng véi MD5-dai so cO
ideal dan xuat giao hoan 2 chiéu dugc L& Anh Vii dua ra gan day [15]. Pong thoi
ciing mo ta tudng minh biéu dién unita bat kha qui v han chiéu caa MD5-nhom
do.

2. Cé&c kién thirc lién quan
2.1 K-quidao cia MD5-nhdm

Cho G l1a mot nhém Lie, G =Lie(G) 1a dai s6 Lie ctia G, tirc 1a khdng gian

tiép xtic TG tai diém don vi e ciia nhém G. Khi d6 nhém G tac dong Ién chinh

né boi tu dang céu trong :
i(g): x> gxg™

Tac dong nay c6 diém bat dong chinh 13 e, ddng thoi cam sinh tac dong dao
ham cua G 1én G :

Ad(g):G > G

Tac dong nay ciing sinh ra biéu dién Ad dugc goi 1a biéu dién phy hop cua
nhom Lie G.

Goi G* la khong gian ddi ngau cua G . Khi d6 biéu dién ddi phy hop cia
G (hay con goi 1a K-biéu dién) duoc dinh nghia nhu sau :

(K(g)F,X)=(F,Ad(g™)X); FeG*XeG,geG
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Khi g chay khdp G thi Q, ={K(g)F/geG}c G* dugc goi 1a qui dao ddi
phu hop (hay con goi la K-qui dao) di qua F.

Ménh dé 2.1: Trén moi K-qui dao Q. cua nhom Lie G, luén ton tai dang vi
phan cdp 2 déng, khéng suy bién, G-bat bién ma ta goi [a dang Kirillov.

Pinh nghia 2.2 : Mot da tap symplectic [a mét da tap tron ma trén do dwoc trang
bi mét dang symplectic o , tire 13 Mt dang vi phan cdp 2 déng, khéng suy bién.

Nhu vdy, moi da tap symplectic déu c6 s6 chidu chin. Pong thoi, mdi K-
qui dao déu 12 mot da tap symplectic.

Cho nhém Lie G thuc giai duoc, néu cac K-qui dao ciia G hoic 1a khéng
chiéu hodc c6 chiéu cyc dai thi nhém G d6 dugc goi 1a mét MD-nhém. Van dé
dit ra 1a ching ta tim cach luong tir hod bién dang trén cac K-qui dao c6 chiéu
cuc dai cia mot MDn-nhém cho trude (n 12 s6 chiéu ciia nhom G). M.Kontsevich
[10] d& ching minh dugc 1a c6 thé lwong tir hod bién dang trén moi da tap
symplectic bat ky. Tuy nhién, két qua d6 khong chi ra dugc cong thirc tuong
minh cho timg da tap symplectic cu thé, chang han nhu cac K-qui dao chiéu cuc
dai cia mot MDn-nhom.

Bai toan lugng tir hod bién dang trén céc K-qui dao caa 16p MD-nhém va
MD4-nhom d& duge P Ngoc Diép va Nguyén Viét Hai giai quyét [5], [6], [7].
Trong bai bdo nay chiing t61 xét bai toan tuong tu voi nhitng nhom Lie thudc 16p
MD5-nhém méi duge Lé Anh Vil dua ra trong thoi gian gan day [15], cu thé 1a
MD5-nhém don lién, lien thong G ma MD5-dai s6 tuong tng
G =< X, X,, X5, X, X, > €O tinh cht :

X0, X,1=X,, [X,.X,]=Xs, G'=[G,G]=<X,, X, >=R?.
Ménh dé 2.3 :

Gid sit FeG* dwopc biéu dién trong co sé doi ngdu {Xl* X;,X;,X:,X;}
Cia co 56 { X, X,, X3, X, Xs} 1 F=aX; +BX,+yX; +6X, +oX,. Khi d6, K-qui
dao cua nhdm G qua F duwgc mé ta nhu sau -

(i) Néu 5 =0 =0 thiquidao 140 chiéu : Q_ ={(a, 8,7,0,0)}

i) Néu 52+0% 0 thiquidao Q. ={(X,y,2,5,0):0X+562=0ca +5y}
F
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Chirng minh.
Dat X=aX,+bX,+cX,+dX, +fX;

Anh xa ad, : G > G, ad, (Y) =[X,Y] c6 ma tran dugc xac dinh :

0O 0 00O

0O 0 00O

ad={0 0 00O

-b a 000

|0 —c b 0 0]

Anh xa exp(ad) c6 ma tran :

1 0 0 0 O]
0 1 00O
exp@)={0 0 1 0 O
b a 010
|10 —c b 0 1]

Néu nhu F =aX, +BX, +7X;+8X, +oX, e G thi K-qui dao qua F duoc
mo ta nhu sau :
X, =o—hbo
X, = f+ad —-co
X, =y +bo
=0

5 =0

=

S
I

1) Néu §=0 =0 thi K-qui dao 140 chiéu : Q. ={(a, 8,7,0,0)} (1)

2) Néu 6?+0? =0 thiquidao Q. ={(x,y,2,5,0):0X+52=ca +57}(2)

Ménh dé d& dugc chimg minh. 0
2.2 *-tich kha vi hinh thirc va Moyal *-tich

Gia st (M,0) la mot da tap symplectic va Z =C*(M)[[v]] la khdng gian

tuyén tinh céc chudi hinh thirc a(x,v) =" v*a,(x), voi cc hé tir a (x) eC*(M).
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Pinh nghia 2.4 : Lirong tr hod bién dang cia C*(M) (hay con goi la heong tir
hoa bién dang trén da tap M) 1a mét dai s6 két hop xdy dng trén Z N&i mot #-
tich két hop théa man cac tinh chat sau

(i) *tich co tinh chdt dia phuong, tirc IANé tik ¢, (X) Cila tich

c(x,0) =a(x,v)*b(x,v) = D" v*c, (X)

chi phu thugc vao cac hé nir 9*a, va 8’b; Voi k> |a|+|p|+i+j=0

(i) =tich 1 bién dang ciia tich giao hodn théng thuwong ciia cdc ham trén M

Co (X) = a5 (X).by (X)
(iii) =-tich thoa man tinh twong thich, tirc [a :
a*b-b*a=-iv{a, b} +0(v)

trong do {,} la moéc Poisson cac ham, 0(v) ¢0 bdc cao hon v, Vi v la mét tham
bién hinh thizc (cOn goi 1a tham bién bién dang).

Cho u,veC*(M), taki hi¢u I,,r, la cac toan tir nhan trai va nhan phai trong
dai 6 (Z,*) sao cho I,(v)=u*v=r,(u) . Néu *-tich Ia kha vi hinh thic thi cac
toan tir I,,r, 12 kha vi hinh thirc. Cac tinh chat caa *-tich c6 thé chi tiét trong
[12].

Qua trinh lurong tir bién dang d0i hoi phai tinh toan phire tap trén *-tich kha
vi hinh thtrc va dua dén nhimng cong thirc khong dep. Tuy nhién, néu khong gian
symlectic M vi phdi voi khong gian R* cling dang symplectic chinh tic
® =) dp, dg;, trong d6 (p,..., Py, 00, ) 1a hé toa d6 chinh tac trong R* thi
i=1
ta xac dinh mot bién dang hinh thic dic biét cua tich giao hoan va tich Poisson
cia C”(R™) dugc goi 1a Moyal *-tich.

Ta ki hiéu A 12 ma tran symplectic ing voi dang song tuyén tinh @ noi
trén.
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Dinh nghia 2.5 :

Moyal #-tich cua hai ham tron u,v e C*(R*) dwoc dinh nghia nhw sau :

usv =u.v + Zi(ﬁjr P"(u,v)

=ri\ 2i

trong dé : P*(u,v) ={u,v}

P'(u,v):=AMARE AL udl, v

Véi 0y :%;x:(p,q):(pl,..., p..q%...q"), A 1a cac phan tir ciia ma
OX*..0X"

tran A7,

Chudi nay hoi tu trong khong gian phan bd Schwartz S(R*). Hon nira,
ching ta c6 cac két qua sau :

— u*v=v*u
- Ju*v)©)de = fuvdg
- £,:S(R™) — S(R™),7,(v)=u*v la lién tuc trong khong gian L*(R*",d¢&),
do d6 c6 thé thac trién thanh mot phép bién doi tuyén tinh bién (van ki
hiéula ¢, ) trén L*(R*",d¢&).
Ménh dé 2.6 : Moyal »tich 1a mgr #-tich kha vi hinh thizc.
Thong thuong ta chon hang sb 7 =1 dé tién tinh todn. T ddy vé sau ta sir
dung Moyal *-tich thay cho *-tich kha vi hinh thuec.
Néu trén mdi K-qui dao ©Q cua nhém Lie G ta trang bi duoc mot *-tich nhu
trén thi ta c6 khai niém #-tich G-hiép bién :
Pinh nghia 2.7 : Gid sur Q la mot K-qui dao cia mot nhom Lie G trong G* Voi
tac dong Hamilton chdt cia G. Mot *tich dwoc goi 13 G-hiép bién (hay hiép bién

dudi tac dong cua G) néu nhu -

iA*iB —iB*iA=i[A B], VA B € G = Lie(G)
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Néu =-tich 12 G-hiép bién thi ta c6 A iA*.=1,() la mot biéu dién cia dai

s6 Lie G trong khong gian Z =C°°(Q)H%ﬂ. Nhu vay, luong tir hoé bién dang
mdt mat cho ta cac qui dao ddi phu hop luong tir (hay con goi 1a K-qui dao luong
tir), mot mat nham muc dich tim biéu dién cta cac dai s6 con C*(Q) bai cac toan
tu trong khong gian Hilbert nao do. Trong truong hgp G lién thong va don lién
thi ta nhan dugc biéu dién unita T ciia nhém Lie G duoc x4c dinh :

T (exp(A)) ="

2.3 Ham Hamilton va c&c qui dao d6i phu hop lwong tir
Cho nhém Lie G, mdi phan tir Ae G = Lie(G) c6 thé dugc nhu 13 han ché
ctia ham tuyén tinh twong ing A trén cac qui dao dbi phu hop Q, duoc xét nhur
la tap con cua G*, A(F)=<F,A>. Nhu d& biét thi ham nay chinh 1a ham
Hamilton, duoc lién két voi truong vecto Hamilton boi cong thirc

d o
(1= T (XeXPAY)] g, YT C7(@)
Dong thoita co : &,(f)={A, f},Vf eC*(Q).
Pinh nghia 2.8: Néu wén qui dao Q ton tai anh xa symplectic v :
(P A) =Py Py 0 0T €RT >y () €Q thi cap (Qu™) duoc goi la mpt
ban do twong thich néu cac tinh chdt sau dwoc théa man -
1) Véi Ae G, ham Hamilton trén Q c6 dang bdc nhat theo bién p, tirc 1A
Aoy (p,) =2 4,(a)-p; + ¥ (),
i=1
trong d6 ¢.(q), ¥(q) la cac ham kha vi C* theo bién g.
2) Trén bdn do do, dang Kirillov 1a @ = dp; Adg; .

i=1

Khi d6 ta dung ki hiéu A thay cho ki hiéu Aoy (p,q) dé chi ham Hamilton
trong hé toa do chinh tic (p,q).
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Tagoi F,(g) la phép bién doi Fourier timg phan cta ham g tr bién p sang
bién x, tirc 1a :
. 1 —ipx
F,(9)(x,q)==——[ e™g(p,a)dp

(20);

va ki hiéu F*(g)(p,q) 1a phép bién d6i Fourier nguoc.
Pinh nghia 2.9 : (K-qui dao luong tir)
Cho Q" 1a mét K-qui dao 2n-chiéu ciia nhém Lie G. Véi Ae G
(i) Toan twr ¢,=F,of,oF,"xdc dinh hdu khip noi trén

L (R*",dpdq /(27)*" ) 1& toan tii luwong ni tiong thich.
(i) (Q“,%A) duwoc goi la K-qui dao luong tir ung voi nhom Lie G.

(iii) Hop cac (Q“,%A) duoc goi la tcfng cac K-qui dao luong tir bac 2n cua
nhom Lie G.
3. Cac két qua chinh

Nhic lai rang G 1a4 MD5-nhém don lién, lién thong ma MD5-dai s6 tuong
ng G =<X,X,,X;, X,,X;> €0 tinh chat: [X. X,]J=X,; [X,. X=X,
G'=[G,G]=<X,, X, >=R?, cac K-qui dao dd dugc mo ta twong minh theo ménh
dé2.3. Ta c6 ménh dé sau :
Ménh dé 3.1: Ung véi méi K-Qui dao chiéu cuc dai Q. c G* thi anh xa
symplectic y c06 cong thizc :

(p.0)eR* >y (p,q)=(2~03, p.y +40,5,0) € Q..

Khi d6 (Qp ) ldp thanh mét ban do twong thich.
Chirng minh :

Pé kiém tra anh xa w ¢6 cong thizc w(p,q) = (@ —qd, p,y +qo,5,0) la mot
vi phoi toan cuc tr R* vao Q. .
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M0di phan tir FeG* ¢6 dang F=aX,+ X, +yX, +6X, +oX,, ham A
duoc xac dinh :
A(F)=<F,A>=<aX, +BX, +yX; +8X, +aX,,aX, +bX, +cX, +dX, + X, >
=qa+pb+yc+od+of

Do d6 Aoy (p,q)=(x—qd)a+pb+(y+qo)c+sd+of .
Xét A=aX,+bX,+cX,+dX,+fX,, B=a'X,+b'X,+c'X,+d'X, +fX,
F=(x-0q0)X, + pX, +(y +qo)X; +5X, +o X,
thi [A,B]=(ab™-a'b)X, +(bc'-b'c)X,.

Suyra:
<F,[A B]>=6(ab-a'b)+o(bc'-b'c) 3

Mt khac :
x of of
f)={A f}=b—-(-da+oc)—
ca(f)={A T} aq( G)ap

P BN
fB(f)—{B,f}—béq (6a+ac)ap

Suy ra, cac truong vecto :

0 0
=b—-(-da+oCc)—
Sa oq ( o )ap

0 0
=pb'——(-sa'+oc)—
Se aq ( o )ap

Do d6 :
. 8O o O 0 _ 0
§A®§B=(—5a+GC)(—5a+GC)—®—+[5(ab‘—a‘b)+6(bc‘—b'c)]—®—+
op  op op o
b Lol @
oq  dq

So séanh (3) va (4) ta suy ra dang Kirillov chinh 1a dang chuan tic
symplectic o =dp A dq.

Ménh dé d& dugc chimg minh hoan toan. 0
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Nhu vay, mdi K-qui dao déu vi phdi todn cuc véi R?, do d6 s& dé dang tinh
toan Moyal *-tich trong truong hop nay ung voin = 1.

Ménh dé 3.2 :

Trong hé toa do chinh tac (p, q) dwoc xdc dinh trén méi qui dao Q.,
Moyal =tich 1a G-hiép bién.
Chirng minh :

Pé chimg minh Moyal *-tich 13 G-hiép bién ta chi can chi ra rang :

iA*iB—iB*iA=i[A B],VA B e G = Lie(G).

That vay, xet A=aX,+bX,+cX,+dX,+fX,, B=a'X +b'X,+c'X,+d'X, +fX,
F=(ax-0q0)X, + pX, +(y +qo)X; +5X, +o X,

Theo cach mo ta ¢ trén thi :

A=(a—qd)a+pb+(y+qo)c+6d+of

B=(a-qgd)a'+ pb+(y +qo)c'+dd '+of'

0

P°(AB)=AB

P'(AB)={AB}=0,A0,B-0,A0,B=b(-5a'+coc)—(-5a+oc)b’
=o(ab'-a'b)+o(bc'-b'c)
P?(A B)=A"A"83 A0L B+ APA"0% ADL B+ A A0} AL B+ AP A"0% Ad% B =0.

Tuong tw tacod P*(A B)=0,vk>3

Do do :
iA*iB—ié*iAzé[Pl(iA, iB)- P (iB,iA) ] =%[Pl(i,&,il§)+ P'(iA,iB)]

w =iP*(A B)=i[s(ab-a'b)+o(bc'-b'c)]

Mit khac : ifA B]=i[5(ab'-a'b)+o(bc'=b'c)]. Ménh dé da dugc ching

minh hoan toan. O
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Dit ¢,(u) =iA*u, ta co hé qua sau :
He qua 3.3 £, 5 =0,%ly—Ls* L,

Nhéc lai ki hiéu F (g) 1a phép bién d6i Fourier ting phan cua ham g tir
bién p sang bién x

Fy@)00) == [ e “g(p.ach

va F*(g)(p.q) laphép bién d6i Fourier nguoc.
B6 dé 3.4 :

1) 0,F,*(9) =iF,*(x.0)

2) F,(pv)=id,F,(v)

3) P*(AF,'(9))=0k=>2

Chirng minh : 1) va 2) 12 nhiing tinh chat quen thudc trong Ii thuyét cac phép
bién d6i Fourier.

Tinh chat 3 dé dang suy ravi A, B la cac ham bac nhat theo p va q
Dinh 1i 3.5 :

V6iméi AeG va geCy(R?), dit 1,(g)=F,o¢,F,*(g) thi:

%(g):b(%aq —axjg+i{aa+yc+6d +of +(—5a+ac)(q—§Dg

Chirng minh.
Ap dung bd dé 3.4
- ) o 1(1Y or 7 e
T(@)=F, o, o F, (@) = F, (iA* Fﬁ(g))=ﬁ[2;[§j (A F,,l(g))J
rx0 ' -

:in{[(a—q5)a+ pb+(y +qo)c+sd +o f]F,*(g) +

11

+t—_
112i

[00,F;*(9) - (-5a+0¢)a,F,"(9) ]|
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=i {[(a —q8)a+(y+qo)c+dd +of]g+bF, [ pr—l(g):|+

+%[b8qg -(-da+oc)F, [apr"l(g)ﬂ}

=i {[(a —gd)a+(y +qo)c+6d +o f|g+bid,g +%[baqg —(—6a+o-c)ixg}}

:b(%aq—ang+i{aa+yc+6d +o-f+(—6a+o-c)(q—§Dg 0

X X .
bat s=gq——,t=q+— taco:
: q > q >

1,(9)=bd,g+i[aa+yc+5d+of +(-da+oc)s]g
={bc’;’S +ilaa+yc+od+of +(—5a+ac)s]} g
Pinh 1i 3.6 :
Toan tir ¢, =bo, +i(aa+yc+dd+of +(-da+oc)s)chinh 1a biéu dién cia
dai 56 Lie G .
Hon nita, VABeG thi: 1,00, ~lyol, =1,
Chirng minh :
V6i ABeG va geCr(R?), Vu,p,eR taco:

D s (@) = Fy ol p e o F(0) = F, [ibzh+ 1,8) *F, () |
= oy oSN (Q)+ 1,F, 0 g o F() = 147 5(9) + 11,75 (0)
va
74005(0) 7520 0(9) =1 ,[Fyo e o F (@) ]~ 15[ Fy ot 0F, (0)]
= F, (iA*[iB*F, (0)]) - F, (iB*[iA*F;*(g) ])
=F, (ifA.B]*F,*(9))
() -
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Pinh nghia 3.7 : Goi Q_ la cac K-qui dao cia MD5-nhom G dang xét. Khi A
chay trén khdp dai so Lie G thi (QF ,%A) dwoc goi 1A Mdt phang heong tir twong
ing véi tac dong doi phu hop ciia nhém Lie G.

Trong truong hop G 14 don lién thi ta c6 biéu dién unita vo han chiéu T cia
Gla:

T (exp A) :=exp(%A)=exp(baS +iaa+yc+sd+of +(—6a+o-c)s]);Ae G
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K-qui dao lugng tir cia MD5-nhom

Str dung ™ -tich trén céc qui dao d6i phu hop (K-qui dao) cia mot

MD5-nhém lién théng cho phép xay dung cac qui dao d6i phu hop lugng tir
(K-qui dao lugng tir) theo lugng tir hoa bién dang cua Fedosov. Tir d6 dua
ra dugc biéu dién unita vo han chiéu cia MD5-nhdém d6. Cac két qua co thé
duoc ap dung twong tu cho cac MD5-nhom khéc.

Abstract

Quantum K-orbits of the MD5-group

Using ™-product on co-adjoint orbits (K-orbits) of the connected

MD5-group we obtain quantum coadjoint orbits (quantum K-orbits) via
Fedosov deformation quantization. Hereby, we have that dimensional
infinite unitary representation of the MD5-group. These results can be
applied to other MD5-groups.
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