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XAY DUNG TRUONG PINH CHUAN CHO PON CUC SO(8)
TRONG KHONG GIAN TRUC GIAO CHIN CHIEU

PHAN NGOC HUNG', THOI NGOC TUAN QuUOC™

TOM TAT
Bang cach mé réng thira sé pha trong khong gian chin chiéu truc giao, ching toi xay
dung truong dinh chudn cho don cuc SO(8) va ching té don cuwc nay ddp img hai diéu
kién Dirac.
Tirkhoa: truong dinh chuan, don cyc SO(8), khong gian 9 chiéu.
ABSTRACT
Developing gauge field for so(8) monopole in orthogonal nine-dimensional space
By generalizing the phase factor in orthogonal nine-dimensional space, the
researchers constructed gauge field for SO(8) monopole, and proved that monopole satisfy
two Dirac conditions.
Keywords: gauge field, SO(8) monopole, nine-dimensional space.

1.  Mé dau

Khai niém don cuc tir lan dau tién duoc Dirac dua ra nam 1931 trong nd luc dbi
xing héa hé phuong trinh Maxwell, theo do, ton tai mot “don cuc tir” dong vai tro 13
ngudn sinh tir truong [1]. Dirac dua ra hai diéu kién cho don cuc tir (hai diéu kién
Dirac):

i. Truong don cuc phai c6 tinh di xtng cau dbi vai mién khong gian xung quanh
don cuc.

ii. Thong luong tir trudng giri qua mot mat kin bat ki bao quanh don cuc phai khéc
khong.

Sau sy xuét hién cia don cuc tir Dirac, nhiéu mé hinh don cuc khac duoc xay
dung trong cac khdng gian véi s6 chiéu khac nhau, trong d6 c¢6 don cuc Yang dugc xay
dung trong khong gian truc giao 5 chiéu [3], [4]. M6 hinh don cuc SU(2) cua Yang la
Sy Mo rong truc tiép caa mo hinh don cuc U(1) cua Dirac, dua trén viéc m¢é rong khai
niém thira s6 pha cho khdng gian 5 chiéu.

O mot cach tiép can khac, khi nghién ciru vé sy lién hé gitra bai toan dao dong tir
diéu hoa 16 chiéu va bai toan Coulomb 9 chiéu, nhdm tac gia Lé Vin Hoang dé xuat
phép bién ddi Hurwitz mo rong dé bién doi gitra hai bai todn nay va nhan thiy phép
bién ddi tir bai toan dao dong tir diéu hoa 16 chiéu vé bai toan Coulomb 9 chiéu lam
xuat hién mot thé don cuc SO(8). [2]

Tuy nhién, cho dén nay, ching t6i van chua thiy cong trinh ndo khao sat vé don
cuc nay trén khia canh xay dung truong gauge nhu vai cac don cuc Dirac va don cuc
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Yang. Do do, trong c¢ong trinh nay, ching tdi s& xay dung 1y thuyét gauge cho don cuc
SO(8) trong khdng gian 9 chiéu theo phuwong phap luan cua Yang, cu thé nhu sau:

i. Khir ki di day Dirac cua don cuc trong khong gian 9 chiéu bang céach chia khong
gian thanh hai mién phu 1&n nhau, mdi mién khéng chara ki di.

ii. Xay dung thira s6 pha mo rong cho méi mién nay.

iii.Xay dung bo thé don cuc va bo cuong do truong don cuc trong mdi mién tir thira
s6 pha.

iv. Kiém tra hai diéu kién Dirac trén bo cudng do truong tim thay.
2. Pon cuc SO(8) trong khdng gian truc giao 9 chiéu

Trong cbng trinh [2], don cuc SO(8) dugc dua ra vai bo thé don cuc gom 7 thanh

phan:

A, = r(r?rxg)(_xz’xl’x‘“_x Xg1—Xs, Xg,—X7,0)
Aﬁzr(rixg)(x3,x4, X, =Xy, Xg,—Xg,—Xs, Xg,0)
Al = r(r?r)(9)(x4,—x3,x2,—xl,x = Xgr—Xs,0)
A’f:r(rJgrxg)(_XS’ Xe =X, Xg2 Xp, X, Xg,—%4,0) o
Ai:r(r?rxg)(x6’ Xg» Xg X7, Xg ;= Xy ,—Xg,—X5,0)
Al = r(rixg)(x7’_xs’_x5’_x6’ %, %,,0)
A;:L(_xg,—xwx(s,x X4 Xgs X5, %,0)

r(r+x,)
v6i Al la céc thanh phan thé don cuc ldy theo thanh phan toa d6 u(u=1,2,...,9) trong
khong gian 9 chiéu tryc giao va theo vi tir tht j caa nhém SO(8), g la tir tich cua don
cuc. Bo thé nay ton tai ki di day Dirac la phan am cia truc Ox,. Céc gié tri cia j tir 1
dén 7, trong khi nhom Lie SO(8) c6 dén 28 vi tir, nén theo ching toi, bo thé nay chwa
phai 12 bo thé hoan chinh, hozc nhom ddi xang that sy caa don cuc ndy khdng phai 13
SO(8) . Ngoai ra, néu don cuc SO(8) nay dung 1a su mé rong cua don cuc Dirac va don
cuc Yang thi s& c6 mét 16p nghiém nira tng véi ki di day Dirac 1a phan duong cua truc
Ox, .

Khi mo rong bai toan don cuc 1&n khdng gian 9 chiéu, ching toi chi y mot diém
sau day cia nhom d6i xing: nhom ddi xing cua don cyc tir Dirac 13 U(1) dang cau voi
nhém cau S*, nhom dbi xting cia don cuc Yang l1a SU(2) dang cau voi nhém cau S°.
Piéu nay goi y cho ching t6i lya chon nhom déi xing caa bai toan 1a nhém S’ trong
bai toan 9 chiéu. Tuy nhom S’ khong phai 1a nhom Lie va dai s khong dong kin,
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nhung lai dang cau voi nhom quotient SO(8)/SO(7) nén ta c6 thé xem nhom SO(8) la
nhom déi xang mé rong cia don cuc nay.
3. Mé rng thira sé pha va biéu dién yéu té T

Pé thuan tién cho viéc mad rong cho don cuc trong khdng gian 9 chiéu, trude hét
ta nhic lai cach xay dung truong gauge cho don cuc Dirac. Bé khur ki di, ta chia khong
gian thanh hai mién phu Ién nhau:

Ra:0§0<%+a,

Rb:%—a<0§7r, (O<a<xml2) (2)
Trong hai mién do, thé don cuc cé dang:
(a) = ald) = OA(a) - g(l—COS@) - gtang
AT=A nY rsing r 2
3
) = Ab) = - Ab) = 9(+C0s0) _ g 0
AT=A A rsiné r 2
Trong mién R, , thira s6 pha duoc viét twong minh:
i 2ieg .
O oo ~1- 2 (1-cos0)dg ~ [exp| D dep [|-70)
(P+dP)P hC( ) @ ~[exp he o] )
véi p(0)=%(1—c030).
Ta xét mot ham theo toa do T(r,0,¢)= eXp(z;lﬂqo). Ham nay xac dinh don tri &
c

moi noi trir truc z do diéu kién lugng tir hda cua tir tich Zf;ﬂ =n. Thira s pha trong
c

mién nay cé thé duoc viét lai dudi dang:
_ ~1Yyr0)
q)((ga-dP)P - (T(P+dP)TPl) :

Tuong tu, thira s6 pha viét cho truong don cuc trong mién R, :

q)((g{-dP)P = (T(;1+dP)TP (6)

Dya trén céch xay dung cho don cuc trong khdng gian 3 chiéu trén, chiing tdi mo
rong cho truong hop khong gian 9 chiéu. Chang tdi chon hé toa do cau (r,6,¢,,....¢,)
dé mo ta khong gian 9 chiéu truc giao, lién hé véi hé toa do Euclide 9 chiéu
(X, Xy, Xo ) theo quy luat:

()

)p(G’)—ll

Xy = 1 cosO;x; = rsinoh,(g,,....p;)

(7)
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Véi j=1.2,...,8. Trong d6 h(¢,,....p,) chi phy thudc vao 7 goc phuong vi (¢,,0,.....¢;)
va thoa man tinh chét;

h +h+..+h =1 ®)

Pé g bo ki di day, ching toi chia khdng gian 9 chiéu thanh 2 mién phu 1én nhau:
R,:0<6< %ﬂx

Rb:%—a<9§ﬂ' 9)

trong do, 0<a < % Trong hai mién R, va R,, thira sb pha cua trudong don cuc duoc
ma rong truc tiép tir cac phuong trinh (5-6):

q)((éldp)p = (T(P+dP)TP_l)_p(9)’

Oy = 1 @0

P+dP)P — \'(P+dP
trong do, yéu t& T 12 mot yéu té thudc nhom ddi xang ma rong SO(8). Trong biéu
didn ma tran, T 12 mot ma tran 12 mot ma tran 8x8 va thoa man tinh chét truc giao cua
nhém nay TTS =TCT = I. Tinh chét nay cho thay, néu T dap ung duoc yéu cau cua bai
toan don cuc thi ma tran chuyén vi caa né, TC ciing théa man yéu cau datra. T va TC
g vai hai biéu dién trong méi mién khong gian R, va R, .

Trong phan phu 1én nhau cua hai mién chia, Rab:%—ases%—a, ta ching
minh duoc:

Tp_deq)((éldP)PTP = q)((gl-dP)P' (11)
Phuong trinh ndy cho ta mot phép bién d6i gauge giira hai trudng don cyc trong
mién phi 1én nhau. Mot cach twong ty nhu trong trudng hop 3 chiéu, khi ma rong 1én
khong gian 9 chiéu, T bét bugc chi phu thudc vao 7 bién sé goc (¢,,...,p, ), do d6 cac
thanh phan ma tran cia T phai 1a cac to hop tuyén tinh bac nhét cua céc toa do tir
X, = X, Chia cho rsing. Biéu dién sau day ciia nhém SO(8) cing cic phuong trinh

(10) xac dinh hoan toan truong don cuc « :
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=X, X3 X =X —Xg X7 Xs

X, XX X3 s X% X X

XX X X, =% X5 X5 X

T% = 1 X X X X Xs X7 Xs X5
rsinfg| x; X X X X X X3 X, (12)

>
(2]
s
e
|
<
3
|
3
N
<
X
<

—X; Xg X5 —Xg X3 =X X
X X X X X X X X

Truong don cuc B dugc xac dinh hoan toan nho vao cac phuong trinh (10), va

<
N

biéu dién T”1a ma tran chuyén vi cia matran T¢,
4.  CAc thanh phan thé cia truwong don cuc

Trong phan nay chidng tdi chi thyc hién céc tinh toan trén mién R, . DI vai céc
truong trong mién R, ta c6 thé sir dung phép bién dbi gauge (11) dua trén céac két qua
tinh duoc trong mién R, .

Thira s6 pha cta truong don cuc SO(8) trong mién R, duoc xéac dinh béi phuong
trinh (10). Khai trién dén gan ding bac thap nhat vé phai cua phuong trinh nay:

oT
o) ~1+q(0 T.'dP
(P+dP)P q( )5_Pp P (13)

véi q(@)=1-p(6)= %(1+cos 6). Mt khac, thira s6 pha theo dinh nghia dugc tinh bai:

Do oppp ~1- i A& X" (14)
trong d6, &, 1 vi tir ciia nhém ddi xtang cia don cuc. DI voi trudng hop don cuc
SO(8), (&)y = 00 —Ouly VOI a=12,..8 , b=a+l,a+2,..8Vvd &, la ki higu
Kronecker.

Bing céch thay cac gia tri twong minh cia T* vao (13) va dong nhat véi (14),
chung t6i thu dugc b thé cia truong don cuc o trong mién R,. Tuong ung véi 28 vi
tir cia nhdm SO(8), chiing t6i thu dugc 28 thanh phan thé viét trong khong gian dai sb
Lie. Véi nhom ddi xtng cta don cuc 12 nhdm cau S’, cac vi tir dwgc chon c6 dang &,
V6i b=23,....8, ta thu dugc bd thé don cuc
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A= r(r?xg)(_xz’xl’x‘“_x 517X %1 %0,0)
A = r(rgxg)(xgﬂx4,—xl,—x2,—x7,xg,x5,—x6,0)
A = r(rgxg)(x‘l,—xgﬂxz,—xl,xg,x7,—x6,—x5,0)
A® = r(r?xg)(_ Xs1—Xgr—X71 Xg, X1 Xy X3,—%4,0)
A = r(r?xg)(_ Xg1 X5, Xg, X7,=Xp, X1, —Xg,—Xg,0)
A = g (Xy, Xg s X5, Xg» Xg1— X4 ,—X;,—X,,0)

>
-
©
|
(@]

(15)

Céc thanh phan con lai &ng véi 21 vi tr caa nhdm con bat bién SO(7) cia nhém

SO(8).

Mot cach tuong tu, st dung T” thay vi T* ching t6i ciing thu dwoc bo thé cua

truong don cyuc S trong mién R, :

(Xz X Xy X5y X5, X5, Xgy =Xy ’O)

(_ Xas Xyy X=Xy, = X7, Xg, XS’_X6’O)

A= (g )(_“f*wxpnn%xw—&r*yw

r(r—x,
A® = e ? xg)(XS’_X6’_X7’ Xg1— X1, X5, Xg,—X,,0)
A = e ? xg)(x6’ Xs» Xg X7 1= Xg ;= Xy ,—Xg,—X5,0)
A = e ? xg)(_ X7, Xgy—Xs, Xg Xay—Xg, X1, = %5,0)
Al = ﬁ(— Xgr—X7 s Xg» Xg = X4 =X X5, %;,0)

5. Cwong dd trwedng don cuc va kiém chirng hai diéu kién Dirac
Cuong d6 truong don cuc dugc xay dung theo cdng thic

ab _ ab ab 1 cd A jk
Fyv _a,uA/ _avAy zg (ab (cd) (jk)Ay A/J
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trong do, f .y jo 12 CAC hdng sé cau tric ciia nhom SO(8) dugc xdc dinh tir hé thic
giao hoan cia cac vi tir cua nhom nay: [£,,, & = if oyeaygman

Bing cach thay cac gia tri twong ng cua cac thé don cuc (ng véi cac truong o va
B, ta co thé thu duoc biéu thac cua tat ca cac thanh phan cua cuong do truong o va g
tuong ung.

Pé kiém tra hai diéu kién Dirac, trong khdng gian 9 chiéu tryc giao ching toi
chon hé toa do Descartes véi cac vector don vi co so la (eyj) (4;=1,2,...,9) . Trong h¢

toa do ndy, chling ta s& tinh cac thanh phan cuong do trudong doc theo cac truc toa do
theo cong thirc:
_ (

o 8#z#3---!’g#9 Fﬂz#s Hgls — HgHz7 Fﬂsﬂs ! ( 18)

trong do, ¢ . la tensor hang 8 hoan toan phan xtng Vi quy UGC & 55675 =1,

Hotg.-Hg
Ly Hawe g =1,2,....9 . Bang céch sir dung ngdn ngir 1ap trinh Mathematica, ching toi
d4 kiém tra trén tat ca cac bo cuong do truong ¢ thé, va thu dugc két qua:

a X (
F =Sg“r—g

(19)
Do d6, vector cudng do trudng don cuc a trong khéng gian chin chiéu c6 dang:
_ X e P (
() _ 4 “ptp 4 1
P70 =80 -5 =30 5 (20)
Véi truong don cuc B, ching toi ciing thu duoc biéu thirc c6 dang tuong tu:
- X, e r
(B) _ _qnud "n-n N4 L
F.=-39 5= 39 g 21)

Tir day, ta d& dang nhan thiy cac vector cudng do truong huéng doc theo bén
kinh, néi cach khac va do 16n ti 1& nghich vai r®, do d6 diéu kién Dirac thir nhét vé tinh
d6i xung cau dwoc dam bao. Mat khac, thong lugng gui qua mit cau quanh don cuc
dugc tinh theo cbng thuc:

I, = fFdS = fFds = +3g°s,, (22)
trong d6, Sg 12 dién tich mat cau 9 chiéu bao quanh don cuc, diu + Gng véi truong don
cuc a va dau - ang véi truong don cuc B. Biéu thuc trén ching to thong lwong nay
khéng bi triét tiéu, tic diéu kién Dirac thir hai d4 dugc théa man.

6. Kétluan:

Nhu vay bang cach mo rong khai niém thira sb pha, ching toi da xay dung dugc
cac truong don cuc cia don cuc SO(8) nhu mot mé rong tu nhién cia don cuc Dirac va
don cuc Yang cho khdng gian 9 chiéu tryc giao. Cach xay dung biéu thirc twdng minh
cua cac truong don cuc ciing dugc ching t6i chi ra. Dong thoi, ching t6i ciing d4
chung to don cuc ndy hoan toan théa man cac diéu kién Dirac.
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