1994 £ 11 ACTA PHYSICA‘ SINICA Nov., 1994

4 SU(5) EYMH R4
RV

HER Kb TRA EREY
CHTTX 2 YRS, WA, K 410081)
(1993 4 9 A2 HUCED

M FE 4 SU(5) Einstein-Yang-Mills-Higgs (EYMH) R&%:. B8R THIBH—LS
HHAH Reissnce-Nordserom (R-N) WL, BRERA SUCS) RAF(MAn+2) w

PACC: 9760L; 0420

1 3 ¥

B FHRATNESHE TSR EMIAIMIESY, XERBHEASBBRE&
MWW RER, KHELECH m(p) REURMBR TERTF, HHE Rk kT
SPEOBERFRMUTEAN T, mRERA GEX ISR BT HE, RAMEHR
Higgs HHIFFMNE KBRS RN E TSI, Tk, X ERSHIHESIET AR
RHEIILERE™,

Gal'tsov A" MR LK%, AT Einstein HHBAMERHE R XN FEY
#HR Yang-Mills F1 Yang-Mills-Higgs &%, HAHEXES SUGS) EYMH R4&E
AREX.

Dokos 1 Tomaras"" B3 T kG —Eit SU(5) BAWERN FRAR FRINGFF, iE

BERER AR RRA T RAERES N m = =L, 21, 23 g Zuprse

2 T e

., RERABHNRARARRIFNS>2+ 1+ 1+ 1,53+ 141, 54+ 1
55, MARRANAN RS X Higes BHMWERAHER. Fbl, SRERERE
WG SU(S) EYMH RERTHRRER XN, RIZERS, 614, BLREES

SU(5) EYMH ﬁﬁ,%ﬁﬂi’mﬁj@ii, i% BABARNER, SIBATE S &
WA QCD MMER, AXBHTHES SUG) EYMH RENN—LE B, =
ﬁimﬁ)ﬁi%m SUCS) WA TSR RER,



o= il S 4 hdad S T

RAVFE 54 + L REALHRERE R, bk, A ENRBESHETRTES . Br
RERELIRERE,

2 BHHRAES R-N B
IR 20,515 SUG) RE—RIRHBE B TR IE R RHA:

§= 5 d'zy/—g [* R L guegTe(F,,F,0) + ¢Tr(D,$Dsd)
162G 2
+ g“p(DpH)*—(DvH) - V(¢$ H) b (l)

Hrh
F,, =08,4,— 8,4, — ig'[4,,4,],
A, = A2, a=1,2,--+,24,
D,¢ = 0,¢ — ig'l4,,s],
D,H=20,H—igA,H,

V(¢,H) = aTr [( ¢ — — )1( &+ 2 )2] + a,(2Tr¢? — *)

V15 2,/15
+ ax(HH — ot + a.H+( ¢+ 3"_)ZH,
2,/15

/2
8> 0, v~ 10"GeV,0 ~ 10:GeV, g’ = (%) c,

R g & SUG) MEBEGH, c RIER TR, BAERT 2 HE

Tra*at = % 5, 10 = 27,

Higgs ¢ MHZFIR SUG) B9 24 R 5 2R, ENNUTEREHER SUGHHE
ﬁ@] SU(3)J X U(l):-:

. 1T 1 1 3 3
= d ( — = Tz? —_ - ——)
(¢) = vdiag \/15’ \/15 157 2/15" 213"

<H>=001(090,0909‘-‘7)o (2)
H(DXBIXT g,4%,¢6 MHWBSHEA
R* — % g“’R = 8xGT*, (3a)

W —=8)"'D,(v/—gg""g"F,;) = —ig'g"[$,D,$]

—_ ig'g‘"’l"(H*’l'D,,H _ (D,.H)*‘J.'H), (3b)
(V=)D —e2"Dt) = —+ a"%;i“? (30
W=2)"' DV —ggD,H) = — Y bH) (3d>

OH*



-0 Avd JHdALVES S e qra 4 7 AT/ T ANUURJI RS NN N iid

Hh Rk ES
T: = —2g%g*Tr(F,,F,) + %a:g-’“g”Tr(Fp,F,,)

+ 2g“°Tr(D,¢pD,d) — 8.8 Tr(D,¢pDyop)
+ 2g#*(D,H)*(D,H) — 80g”(D H)*(D,H) + 8V ($,H), (4)

xTﬁ%ﬁummzm%(mﬁa@i;—e) W, RATERE SUQ) A SUS) % 5—4 +

1, BRSBRI7IBE, 4,.,¢ FH BN
4, 371 diag(Jo(r) 5 Jo(r), Jo(r) , Jo(r) , —(4](r) + 5].(r)))

+ Ji(1)P - T+ J(r)@ - TY+ Li(r)E- TV,

— T“g'):"+ ;1 - A{K(r) + Ki(r)? « T+ KX+ T
+ K(r)(#- T»,T X #},
¢= j;Tdiag(%(r)mo(r)m(r),¢o(r),—(4¢.,<r) + 5¢:(r)))

A‘_

+ ¢u(r)E - T+ o(r)E+ TY + $:(r)(# - TY,s

H =1 01(0,0,0,0,4(r)), (5)
4

Hih T = diag(Tpy,0), # = L, Tom B SUQR) KA SUGS) % 5—4 + 1 FIERT.

r

ERBRARRRELEIMUEN"Y, XERNHRENN LX T BAREYE (L= —ifx

.
HTRITFRERABRE SN T, EHMBR— R SR RE R

L4 = diag(e?, —e?,—r?, —r’sin’G), (6)
Kk = 5,r,0,0, 4,8 (14 r (EM, RALLER, GORTER
‘if-(rB'— D+l =87y,
r r
— S (rd + D+ L = 80,
r r
__C;B ” _.l_ 12__1._ 'n’ [ TR
. [A +La— Lo+ B),]
— 82GT8 = 8zGTS, ')
Ehi#E &R r kS, FTH.

BOORRAMDR. Z2ERKNEE, B
T} = [fl(]i)e-A + f‘(du,-)’]e"’ + [f,(JD)e ™ + IACHIE f,(K,-)e"

+ F(K) + L e Bl 4 (4], + 51HY,
g
T, = [fl(-]i)e—A - fl(d’i)]e—B - [fz(],-)e_“ - fz(¢.‘)] - f,(K;)e"



L e 4 Elad R ¥ ' 4

+ 1K) — gi e~ ABLeAp 4 (4], + ST)H,

T§= T3 = —[1(J)e™ — hld)1e™® — fi(K)) + = 4D
g

* [eth"? — (4o + 5]1,)'H1, (8)
Hr
fi(x) = #; (320x) + 800x)x, + 80x}* + 3282, + 564x2 + 36522),
g
1 13\
) = b (304K, + 4K+ 5K it + )
gr

+ (4K, + K,) (4%, + x3)* + 3(4K, — 4K,; + 5K,)?
(om— 4+ 1)),

f(K;) = 2g'12r2 (40K + 136K,K} + 48K + 77K,

f(K)D) = v 1,2 - [K5(2304K% + 10752K3 + 33024K,K, + 21408K3 — 384)
gr

+ K23(1280K2 + 13536K: + 4352K,K, — 640) + K3(5333K3
+ 15248K,K, — 616) — 1088K K, + 80],

K Ky =K, + %K = 0,1,2,3,

H(MFG)XAAEH
T: — T:=?;(A+ B)

= 216" + HUDE + fi(K e + LoD
4

d [eAhlz + (4]0 -+ 5.]2)2]12]} 2 0.
% TBE R-N R, B T = T7,HikE
(4K, + 4Ky + 5K,)? (211 + 4J,+ 12—31) -0,

2
(4K, — 4K n + 5K,)? (ZJ, — 4J,+ ‘—25 J,) -0

(4K, + K)*(4]y + J5)* = 0,(4], + 51,)'8 = 0,
A+ B=const=C, Ki=¢,=h' =0, )
B C = 0,Fr8REnEEER.
HHE Gb)—QGDRGIR,BEXT ¢,/i.K; Mk BT E:
r2

I.l ~ —l__ '_ ’ '. . =—_l_ '2 BaV
#+[2+Law B)]d>.+g.(¢x) L8 s (10)




I+ [-2-—%(,4'+B')} I+ g(Je) =0, (11)
r
L »
K + 4B & {es [4Kuld, + 13K ulds + (4, + ELATAA
r

—Ko(41 =4 B—an) + k(574 20 )] — Kicosk, + 60K,

+ 4K, (4K} — 34K K, — K,) — Ki(167K, + 45K,)\ = 0,
S ,
Ky + AT Ky — £ (et [k (474 2600, + 1% 2+ 161
r
+ JJJ,(16K, 4+ 20K,) + J,J.(52K, + 65K2)] — K;3(48K% + 112K3

-+ 344K\K,; + 223K} — 4)} =0,

’r A/ -_— B' , eB 2.—d r !
Ky + 5 K, — 2.7 ree Ky(87.], + 26]:-]3)+sz 25
r

[

+ 161,J, + Zgﬂ 7+ 10]3 ) + Ko(120]s + 2113 + 815)}

— 96Ku(K, + K,)
—K, (104K§+ 148K K, + 1—29K§—2>}=0, 12)

B+ <£ -+ A_;Z-MB_> B — e 4p (4], + 5],) = —rg'%e® %I,K’ (13)

r
ﬁtlﬂ & ﬁ'%lj%i 5
go(x.) = g‘;z {K5[80Kyx, + 80Kyx, + 260Ksx, + 100K,2, + 325K,7]

+ 2K,1,(40K, + 100K,) + 125K},
B
alx,) = f;{ 4K s[Ky5(28x; + 91x3) + 112Kx, + 140K,x,]
r

— 4K, (8K,x; — 82K x; — 52K 2, — 223K,x;)

+ K < 166%, + “233 x,)},

B
a(x) = — ziz’ {Kis[48K 3z, + 48Kyx, + 156K,x; + 60K,
r

+ 195K,2;] + 75Kz, + Kox,(48K, + 120K,)},
B
gi(x) = — <L 4K (4, + 132) + 16Ku(4Ky2, + 5Ky)
r

+ 48Kirx, + 8K K,(4x, + 16x,) + K3(24x, + 81x,)},
FMAG)—U3)AMEH T4 Higgs BERTHRESEHEX—IRFH, B

37 [1 s [1 5 [1
o= 331587 1= —3 158V, 0= —g4/[5¢87s



1904 ] = =4 iR 43 %

5 1, ,
¢1=1_2 'l‘ggv, h= wg, 4]o+5-]3=0’

4+ 1, =0, (21,+4jz+‘~2§13>=

‘/6(5«/3 1),K, = —%g.(t—\/?),KeO. (14)

1
——‘,KZ
26

0
]3= bTJ_'_ €35 (15)

ﬁ[{] bs,cs %ﬂﬁﬁﬁ. Ji==10 B’J%@(l‘:bﬁ‘f ]o = ], = ]2 -] = 0) i‘ﬂ'ﬁlﬁii&ﬁ@, Js #
0 R BTN, BULEZRRAGRK,EF

2
T!=T. = —T)= —T:=3—'*‘.,§rz‘”—3 (16)
¢
UORRADAH w2 B
edm et = — 1M g4 Ll Ot (17)
r g r

HhMERSHE, T A ERELFER TR
3% #®
BT AXFRERZMIF R, BTHRERISETS BARE EORSRER

B BRI R AR ARG, REE12], AR S
- 1, TrlF .(r)O(r)], (18)

Hep () %%T‘”ﬁ%ﬁ?,/\ﬁﬁﬂ%“ﬁf

5 5 5 5
Lo Ting(= %, 2, =3, —30)
Q( r oo CHEE\ T 127 127 12’

1., 1 .. 1 2 PR
+ien+le -2eom (19)

TmBEREXNEYE E(r) Mgy B(r) 531%
E;, = ﬁm’ = gz,‘ Tr[Fm‘(")Q(’)] »

- ?Tr[e.-,-wu(rm(r)], (20
sm(S),<14)iﬁu<15>ﬂ%
15

Foj= — -+~ [dl g (- b!,E bs,— bhl 3,0 )— i bi(f' T)

- 7 by(? + T) + by(# - T)ﬂ],



4 W THA IR, Wa “Y\IJ/B T8 IRILAYET & 280 =i b

Fym= — L gt 6o T(r) — 2+ K1), @1

gr
3 .
I(r) = 9™ (Dw(#)Q7(F),
O(F) == e—itp'r:’”) e-wr{m) eieTO/2)s

w(;) - e—iq.l‘e—iaﬂeiwl' ,

0 —i 0 1 0 0
1’-—1:(,' 0 —il 1'—(0 0 o), 22)
AV o/ 0 0 —I1
#£022),CHRAANDKRRACHRK, B

18zb; r
E(ry 5 X2b. L,
4nr

B T3x% - L (23)
R, mly E! MERY Bl EXA
E{(r) = 2Tr[Fo(r)2°(r)],
B;(r) = 2Trle;jFiy(r)2*(r)1, (24)
Hha(e=1,2,---,8) & Gell-Mann Ef, ASRHAR P aBiMEEYT A
. MQ@OHABR,HHEMAEWER O,B1E P 25124

0 - 18::b3’ P=—6:ﬂ, (25)
A, AXFENERTER
IGM G o on) gz, _2GM , G 4y
as=[1-2M 4 Cpyon)ae—[i- 2K 4 Copaon|a
— r*(dQ* + sin?’Qde?), (26)
MNERE GBI AEREENTAR:
Ry = GM i\/(cw — L@+ 0, @7
Ak, ni
;‘i (P + 0) < (GM), (28)

MAXFFREGERBRAE SUG) RFFRiA,

HUEG)RE A(r) BFS, REIEARREQORERNPER N~ %E@XYTET
TR,

HLGERH: W T#HERNIRES SUGS) EYMH R4, RN ZEEFEN, &
MAELEH 4+B=0, HEEBHEL LAY, FALEE— A HHE A+B=0, A
T —T. =0, mAPHGEHHEREEREFET = 0), MEHR—RHEARE R-N



1906 ] H =4 i 43 &

M, Hib, AXQOXAHNUEN,RE S~ + 1 BRAERERULEZHER H, ¢,
A, FRITA E R L R & BT R R— AT,

[1]
(2]
[31
[4]
[51
{6l
[71
[8]

{91
[10]
f11]
f12]

T. W. B. Kibble, J. Phys. A, 9(1976), 1387.

A. Vilenkin, Phys. Rep., 121(1985), 263.

F. A. Bais and P. J. Russei, Phys. Rev., D11 (1975), 2692.

Y. M. Cho and P. G, O. Freund, Phys. Rev., D12 (1975), 1588.

YU Hongwei,Gen. Rei. Grao., 23(1991), 297.

YU Hongwei, Jing Jiliang and WANG Yongjiu, /L Nwovo Cimenszo, 107(1992), 863.
JING liliang, J. Math. Phys., 32(1991), 1334,

JING Jiliang, YU Hongwei and WANG Yongjiu, Phys. Lezs., A178(1993),59; JING Jiliang and
WANG Yongjiu, Phys. Lers., A187(1994), 31.

SPIBKEL , S5 AR » B3£I IR,37(1992), 1101,

JING Jiliang, YU Hongwei and WANG Yongjiu, Chinese Phys. Less., 10(1993), 445.
D. V. Gal’tsov and A. A. Ershov, Phys. Lezs., A138(1989), 160.

C. P. Dokos and T. N. Tomaras, Phys. Rev., D21(1980), 2940.
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ABSTRACT

Coupled SU(5) Einstein-Yang-Mills-Higgs system is studied. A family of static

spherical symmetric dyon solutions and the space-time metrics of the Reissner-Nord-

strom type are obtained. The solutions represent static dyon black holes with magn-
etic charge +3/2e.

PACC: 9760L; 0420



