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we c0n5truct 5evera1 N= 1 5uper5ymmetr1c three-9enerat10n m0de15 w1th 5u (3) × 5u (2) x u ( 1 )•• 9au9e 5ymmetry, 06ta1ned 
fr0m 0r61f01d c0mpact1f1cat10n 0fthe heter0t1c 5tr1n91n the pre5ence 0f c0n5tant 9au9e-6ack9r0und f1e1d5.7h15 w1150n-11ne mech- 
an15m a150 a110w5 u5 t0 e11m1nate extra c010ur tr1p1et5 wh1ch c0u1d med1ate fa5t pr0t0n decay. 

1. 1ntr0dUCt10n. ReCent 5tUd1e5 0f  f0ur-d1men- 
510na1 5tr1n9 the0r1e5 [ 1-4 ] have 1ed t0 a 9enera112ed 
1mpre5510n that, 5tart1n9 fr0m heter0t1c 5tr1n95, 1t 15 
p055161e t0 06ta1n a1m05t any f0ur-d1men510na1 m0de1 
we want. H0wever, phen0men01091ca11y 1ntere5t1n9 
m0de15 have n0t yet emer9ed fr0m the d1fferent 
ana1y5e5 0f  c0n515tent 5tr1n9 the0r1e5 1n f0ur d1men- 
510n5. Even th0u9h ch1ra1 5uper5ymmetr1c m0de15 are 
ea511y 06ta1ned, the 9au9e 9r0up and/0r the num6er  
0f  9enerat10n5 9enera11y appear5 t0 6e unrea115t1c. 

Recent1y, a mechan15m wa5 f0und [3] w1th wh1ch 
1t 15 p055161e t0 reduce the num6er 0f  9enerat10n5 and 
at the 5ame t1me 6reak the 9au9e 9r0up 1n 0r61f01d 
c0mpact1f1cat10n 0f  the heter0t1c 5tr1n9. 7h15 wa5 
d0ne thr0u9h the c0n51derat10n 0f  W1150n 11ne5, 1.e. 
c0n5tant 9au9e-6ack9r0und f1e1d5 c0rre5p0nd1n9 t0 
the n0n-c0ntract161e 100p5 0f  the t0ru5 under1y1n9 the 
0r61f01d. 1n the pre5ent n0te, we u5e the a60ve mech- 
an15m t0 c0n5truct three-9enerat10n m0de15 w1th the 
9au9e 5ymmetry 5U(3 )  × 5 U ( 2 )  XU(1 )n. 0 u r  a1m 
15 - m0re than 5tre551n9 the phen0men01091ca1 v1r- 
tue5 0f  the m0de15 - t0 111u5trate h0w the ex15tence 
0f  W1150n 11ne5 a110w5 u5 t0 have 900d c0ntr01 0ver 
the type5 0f  m0de15 we have, 1n 5uch a way that we 
can 5e1ect the ••1ntere5t1n9 0ne5•• 6y appr0pr1ate 
ch01ce5 0f  the W150n 11ne5 and the d1fferent em6ed- 
d1n95 0f  the p01nt 9r0up 0f  the 0r61f01d 1n the 9au9e 
9r0up. U51n9 th15 mechan15m, we can e11m1nate extra 
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c010ur tr1p1et5 and thu5 av01d the r15k 0 f them 1nduc- 
1n9 fa5t pr0t0n decay. 

2. 0r61f01d5 and W1150n 11ne5. F0r def1n1tene55, we 
w111 re5tr1ct 0ur d15cu5510n t0 the 2 0r61f01d, wh1ch 
15 the 51x-t0ru5 def1ned 6y the [5U(3 ) ]  3 1att1ce, 
m0dded 0ut 6y the d15crete 9r0up P = 23.7h15 9r0up 
act5 a5 2rc/3 r0tat10n5 0f  the 1att1ce vect0r5. 7he  2 
0r61f01d ha5 27 (f1xed) p01nt5 wh1ch are 1nvar1ant, 
up t0 a 1att1ce vect0r, under the act10n 0f  P. 7he  
tran51at10n5 0n the 1att1ce e1, t09ether w1th the d15- 
crete r0tat10n5 0 0n P, f0rm the 5pace 9r0up 5. 7he  
act10n 0f  5 can 6e extended t0 the 9au9e de9ree5 0f 
freed0m, where 60th the d15crete r0tat10n5 and 
tran51at10n5 1n the 5pace-t1me 1att1ce are repre5ented 
6y 5h1ft5 1n the E8 × E8 1att1ce. 70 a d15crete r0tat10n 
0 we a5519n a 5h1ft v 1 (1= 1 ..... 16), and t0 a tran5- 
1at10n 6y e~ (1= 1, ..., 6) we a5519n the 5h1ft5 a~ c0r- 
re5p0nd1n9 t0 the W1150n 11ne5 f1 A~ dxu= 

1 /t 21rA~e, = 2na~. 7he5e 5h1ft5 cann0t 6e ch05en ar61- 
trar11y. 7he  fact that P 15 0f  0rder 3 1mp11e5 that 3 v ~ 
15 a 1att1ce vect0r; th15, t09ether w1th the 9r0up 1aw 
0n 5, 1mp11e5 that 3a~ 15 a150 a 1att1ce vect0r. A150, 
51nce a r0tat10n 6y 0 re1ate5 tw0 5U(3 )  1att1ce vec- 
t0r5, we have 

1 1 a1=a1+1, 1 = 1 , 3 , 5 .  (1) 

7heref0re, there are 0n1y three 1ndependent W1150n 
11ne5. M0du1ar 1nvar1ance a150 1mp05e5 re5tr1ct10n5 
0n the ch01ce5 0f  v r and a~, a5 we w111 5ee 1ater. 
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7he H116ert 5pace 0f the 5tr1n9 1n an 0r61f01d 5p11t5 
1nt0 tw0 type5 0f 5ect0r5: tw15ted and untw15ted. 7he 
untw15ted 5ect0r c0rre5p0nd5 t0 the 5tr1n9 c105ed 1n 
the 0r191na1 t0ru5.7he ma55 f0rmu1a 1n th15 5ect0r 15 
that 0f the 0r191na1 E8 × E8 5tr1n9, 

1 2 1 2 1 2 ~ m R = 4 m L = ~ ( p  1) +NL--1  , (2) 

where p / (1=  1 ..... 16) are the m0menta 1n the E8 X E8 
1att1ce, and NL 15 the 1eft-m0ver5 num6er 0perat0r. 
7he ma551e55 5tate5 are 91ven 6y the E8XE8 r00t5 
[(/¢) 2 = 2 ] pr0jected 0nt0 th05e wh1ch are W1150n-11ne 
51n91et5, 1.e. [ 5 ] 

p1a1=n1, n1e2. (3) 

7he5e r00t5 are 5p11t 1nt0 three 9r0up5, acc0rd1n9 t0 
h0w they tran5f0rm under e 2 ~ .  7he 1nvar1ant 5tate5 

p1v1=m, m~Y-, (4) 

c0m61ne w1th the f19ht-m0ver5 11)R and [a)R (1, 
a =  1 ..... 8), wh1ch are 1nvar1ant under P, t0 make 
the 9au9e 6050n5• mu1t1p1et. 7he r00t5 w1th 

p1v1=~ m0d 1 (5) 

make 1nvar1ant 5tate5 after c0m61n1n9 w1th the three 
r19ht-m0v1n9 5tate5 11)R, 1a)R wh1ch tran5f0rm a5 
e -2"1/3 under P. 7hey make three c0p1e5 0f matter 
f1e1d5 tran5f0rm1n9 under 50me repre5entat10n 0f the 
9au9e 9r0up. 7he1r ant1part1c1e5 are 06ta1ned fr0m 
the r00t5 5at15fy1n9/¢v*= - ~ m0d 1. 

7he tw15ted 5ect0r5 c0rre5p0nd t0 5tr1n95 c105ed up 
t0 an act10n 0f P. 7hey are re4u1red f0r m0du1ar 
1nvar1ance 6ecau5e they can 6e 06ta1ned fr0m a 
r - -*-1 /2  tran5f0rmat10n 0n the untw15ted 5ect0r 
part1t10n funct10n. 7h15 tran5f0rmat10n 5h1ft5 the 
E5 X E8 1att1ce 6y 

p1~p1+v1+n1a1, 1 = 1 , 3 , 5 ,  (6) 

where n~= 0, •+ 1. D1fferent va1ue5 0f n~ 1ead t0 d1f- 
ferent tw15ted 5ect0r5. 51nce 1n the 2 0r61f01d there 
are 27 tw15ted 5ect0r5, c0rre5p0nd1n9 t0 the 27 f1xed 
p01nt5, th15 mean5 that turn1n9 0n the three 1nde- 
pendent W1150n 11ne5 w111 make a11 the tw15ted 5ec- 
t0r5 1ne4u1va1ent. 7h15 15 a c0n5e4uence 0f the fact 
that d1fferent f1xed p01nt5 are 1nvar1ant up t0 d1f- 
ferent 1att1ce vect0r5. 1nvar1ance under 2--,r + 3 0n 
the5e 5ect0r5 1mp05e5 the c0n5tra1nt5 [ 6] 

3(v1+n, a11)2=2m, me2 .  (7) 

7here 15 then a m0du1ar-1nvar1ance c0n5tra1nt f0r 
every tw15ted 5ect0r. 7he ma55 f0rmu1ae f0r the 
tw15ted 5ect0r5 are m0d1f1ed 6y the 5h1ft5 1n the 
E8 × E8 1att1ce a5 we11 a5 6y the m0dded 05c111at0r5• 
c0ntr16ut10n t0 the 2er0 p01nt ener9y. 1n 0ur ca5e we 
have 

~ m R ~ a m  L ~  2 •1 2 =t(p1+v1+n1a1)2+NL~, (8) 

where n0w Nt = 0, ] . . . . .  51m11ar t0 the ca5e 0f the 
untw15ted 5ect0r, a pr0ject10n wh1ch 5e1ect5 0n1y the 
1nvar1ant 5tate5 5h0u1d 6e perf0rmed 1n the tw15ted 
5ect0r5. A carefu1 treatment 0f the part1t10n func- 
t10n5 5h0w5 that a11 the 5tate5 5at15fy1n9 the ma551e55 
c0nd1t10n5 c0m1n9 fr0m e4. (8) 5urv1ve the pr0jec- 
t10n. 7he ant1part1c1e5 c0me fr0m the 5h1ft5 
p1• v • - n1a 1. 

3. 5U(3) X5U(2) X U(1) n m0de15. F0r a 91ven 
0r61f01d, many d1fferent m0de15 that are c0n515tent 
w1th the c0n5tra1nt5 0f the type5 (1) and (7) can 6e 
c0n5tructed, depend1n9 0n the d1fferent ch01ce5 0f 
em6edd1n95 v 2 and W1150n 11ne5 a, ~ (and 0ther 6ack- 
9r0und f1e1d5 1n m0re 9enera1 m0de15). 7he num6er 
0f c0n515tent m0de15 15 then very 1ar9e, and 1t w0u1d 
6e 1ntere5t1n9 t0 have a 9enera1 c1a551f1cat10n 0fthem. 
0 n  the 0ther hand, the mechan15m f0r c0n5truct1n9 
the m0de15 15 51mp1e en0u9h, 50 1t 15 re1at1ve1y ea5y 
t0 make a 900d 5e1ect10n. Here we pre5ent d1fferent 
va1ue5 0 f t / a n d  a~ wh1ch 1ead t0 three-fam11y m0de15 
and t0 the 5U(3)  X5U(2)  XU(1)~ 9au9e 9r0up 1n 
the 065erva61e 5ect0r, 5tart1n9 w1th the 2 0r61f01d. 
We w111 de5cr16e 1n 50me deta11 the m0de1 1n wh1ch 
1t 15 a150 p055161e t0 e11m1nate the unwanted extra 
c010ur tr1p1et5; tw0 extra m0de15 are 91ven 1n the 
append1x. 

We take the em6edd1n9 

(v1)=t111 2n1t~t11nnn1 
k ~ ] ~  1 3 3 w v v  3 , 

and add the W1150n 11ne5 

(a / )  = ( 11 ~ a 1000)(00000]00)  3 3 3 3  

(a~) = (0000000 ~ )( ~ 1120001 3 3 3 w v w 3  / • 

1t can ea511y 6e checked that the m0du1ar-1nvar1ance 
c0nd1t10n5 (7) are 5at15f1ed f0r th15 m0de1, and f01- 
10w1n9 the d15cu5510n 1n the prev10u5 5ect10n, we can 
f1nd 1t5 ma551e55 5pectrum. 1n 0rder t0 06ta1n the 
9au9e 9r0up, we have t0 100k f0r the E8/E8 r00t5 
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wh1ch 5at15fy re1at10n5 (3) and (4). 7hey are 
+(1,  - 1 , 0 ,  0, 0, 0, 0, 0), +(0 ,  0, 0, 1, 1, 0, 0, 0,) 
fr0m the f1r5t E8, and + (1, - 1, 0, 0, 0, 0, 0, 0), + (0, 
0, 1, 1, 0, 0, 0, 0) fr0m the 5ec0nd E8, where the 
under11n1n9 0f the num6er5 mean5 that a11 permu- 
tat10n5 are 1nc1uded. 7he5e r00t5 c0rre5p0nd t0 the 
9au9e 9r0up 

[5U(3) X5U(2)  XU(1 )51 

× [5U(2) × 5U(2) ×U(1 )61,. 

7he matter f1e1d5 0f the untw15ted 5ect0r are 06ta1ned 
fr0m the E8XE8 r00t5 (p2=2) 5at15fy1n9 e45. (3) and 
(5). 7hey are (1,0,  0, 1, 0, 0, 0, 0), (1,0,  0, 0, - 1 ,  
0, 0, 0) and (0, 0, 0, 0, 0, + 1, - 1, 0) f0r the f1r5t 
E8, and ( - 1 , 0 ,  1, 0, 0, 0, 0, 0), ( - 1 , 0 ,  0, - 1 ,  0, 
0, 0, 0), (1,0,  0, 0, 0, 0, 0, - 1 ) ,  (0, 0, 0, • 1, 0, 0, 
0, 1), (0, 0, 0, 0, - 1 ,  0, --1, 0) and (0, 0, 0, 0, 1, 
0, -- 1, 0) f0r the 5ec0nd E8.7heref0re, the matter 
f1e1d5 c0m1n9 fr0m the untw15ted 5ect0r are 

3[(3,2)(1,  1)•+4(1, 1)(1, 1)•+(1, 1)(2, 2)• 

+ ( 1 ,  1)(2,  1)•+(1,  1)(1, 2)•] ,  

where the num6er5 1n the parenthe5e5 are the 
[5U(3) X 5U(2)] X [5U(2) X 5U(2)] • 4uantum 
num6er5; a5 ment10ned 1n the prev10u5 5ect10n, the 
fact0r 0f 3 c0me5 fr0m the r19ht-m0v1n9 m0de5. 7he 
three 1eft-handed 4uark d0u61et5 are a5519ned t0 the 
a60ve repre5entat10n, a5 may a150 6e the ca5e f0r the 
three r19ht-handed char9ed-1ept0n 51n91et5. Cer- 
ta1n1y, the5e ferm10n5 a10ne have 5U (3) n0n-a6e11an 
and 5U(2) 9106a1 an0ma11e5 wh1ch mu5t 6e can- 
ce11ed 6y c0ntr16ut10n5 0f the tw15ted-5ect0r fer- 
m10n5. 7h15 15 a man1fe5tat10n 0f the m0du1ar- 
1nvar1ance re4u1rement f0r the tw15ted 5ect0r5. 

Let u5 c0n51der the tw15ted 5ect0r5. 51nce we have 
0n1y tw0 n0n-van15h1n9 W1150n 11ne5, there are n1ne 
5et5 0f tw15ted 5ect0r5 (three e4u1va1ent 5ect0r5 0n 
each 5et). 7here are ma551e55 f1e1d5 c0m1n9 fr0m 
every 5ect0r, 6ut we w111 de5cr16e 0n1y the 5et5 0f 5ec- 
t0r5 that 9enerate the r19ht-handed 4uark 51n91et5: the 
5ect0r5 w1th n~ = 1, n3=0 [5ee e4. (6)].  F0r th15 5ec- 
t0r the t0ta1 5h1ft 15 

V+a1 = ( ~  2 2 1000  12 ~110~1~)(~1 1 ~ )  . 

7he 2er0 m0de5 5at15fy 1(P+v+a~)2+NL-~ =0. F0r 
Ne=-~, th15 e4uat10n d0e5 n0t have a 501ut10n, and 
f0r NL = 0 we 06ta1n the f0110w1n9 va1ue5 f0r p4 

( - 1 - 1  0 - 1 - 1  0 0 0) 

• ( 0 0 0 0 0 - 1 0 - 1 ) ,  

(-•-•-•-•-•-•-•-•) 

• ( 0 0 0 0 0 - - 1 0 - 1 ) ,  

• ( 0 0 0 0 0 - 1 0 - - 1 ) ,  

1-1-•) 

• ( 0 0 0 0 0 - 1 0 - 1 ) ,  

•-•-•) 

• ( 0 0 0 0 0 -  1 0 - 1 )  , 

( - 1 - 1 - 1 - 1 - 1  0 - 1  0) 

• (00000--  10-- 1) . 

7he5e E8 × E8 we19ht5 tran5f0rm a5 3 [(3, 1 ) + (1, 
2 )+4(1 ,  1)] under 5 U ( 3 ) X 5 U ( 2 )  and have ch1r- 
a11t1e5 0pp051te t0 th05e 1n the untw15ted 5ect0r [ 3]. 
7hu5 we 06ta1n three r19ht-handed 4uark 51n91et5, and 
1ept0n 0r H1995 d0u61et5. 7he 0ther three r19ht- 
handed 4uark 51n91et5 are 06ta1ned fr0m the three 
5ect0r5 f0r wh1ch n~ = 1, n 3 =  - 1 .  

Putt1n9 the c0ntr16ut10n5 fr0m a11 the 5ect0r5 
t09ether, we f1na11y 06ta1n 

3{(3, 2 )+(1 ,  2 )+2(3* ,  1)+(1,  1)}+12(1, 2) 

+3(2,  2)• + 18(2, 1)•+ 18(1, 2)• +51n91et5, 

wh1ch 15 the 5tandard m0de1 c0ntent p1u5 extra 51n- 
91et5 and d0u61et5. 

N0t1ce that un11ke 0ther kn0wn phen0men01091- 
ca11y 1ntere5t1n9 5tr1n9 c0mpact1f1cat10n5, there are 
n0 c010ur tr1p1et f1e1d5 wh1ch c0u1d 91ve r15e t0 fa5t 
pr0t0n decay. 7he part1cu1ar f0rm 0f the W1150n 11ne5 
ch05en 15 5uch that th05e f1e1d5 d15appear fr0m the 
ma551e55 5pectrum. 7h15 mechan15m f0r 9ett1n9 r1d 
0f the dan9er0u5 c010ur tr1p1et5 15 d1fferent fr0m the 
0ne de5cr16ed 1n ref. [7], 1n wh1ch 0n1y 50me 0f the 
dan9er0u5 c010ur tr1p1et5 are pr0jected 0ut. 
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1t c0u1d a150 6e p055161e t0 c0n51der a n0n-van15h- 
1n9 a~ and k11150me 0r a11 0fthe extra d0u61et5. N0te 
that the m1n1mum num6er 0f d0u61et5 we c0u1d 
06ta1n 15 0ne th1rd 0fthe num6er we have (15), wh1ch 
15 a150 the m1n1mum a110wed 6y phen0men0109y. 

7he5e ch1ra1 ferm10n5 have ne1ther n0n-a6e11an n0r 
5U(2) an0ma11e5. H0wever, a5 fre4uent1y 0ccur5 
when we ad0pt n0n-5tandard em6edd1n95 [ 5], there 
are U(1) an0ma11e5. A 6reen-5chwar2-type mech- 
an15m 15 6e11eved t0 91ve a ma55 t0 the an0ma10u5 
U(1) 6050n [8] and pr06a61y 1nduce 5uper5ymme- 
try-6reak1n9 6y a D-term [ 9,5 ]. 7h15 may 0r may n0t 
affect the 5tandard m0de1 part1c1e5 d1rect1y, depend- 
1n9 0n the an0ma10u5 U(1) a5519nment5 0f 4uark5 
and 1ept0n5. 

4. C0nc1u510n5. We have 5ucceeded 1n c0n5truct1n9 
phen0men01091ca11y 1ntere5t1n9 m0de15 6a5ed 0n the 
2 0r61f01d w1th W1150n 11ne5. Many 51m11ar m0de15 
can pr06a61y 6e c0n5tructed 1n th15 manner, u51n9 
d1fferent 0r61f01d5. 0u r  f0rma115m, 1n wh1ch the 
em6edd1n95 are made 1n an a6e11an way, ha5 the 11m- 
1tat10n 0f 1eav1n9 the rank 0f the 9au9e 9r0up 
unchan9ed, 1mp1y1n9 that we have t0 dea1 w1th many 
extra U(1 )•5. 1t w0u1d 6e 1ntere5t1n9 t0 f1nd a mech- 
an15m that 10wer5 the rank 0f the 9au9e 9r0up, and 
t0 5ee 1f m0de15 c105er t0 the 5tandard 0ne can 6e 
06ta1ned 1n that way [ 10 ]. 

7he 1ar9e am0unt 0f, up t0 n0w, c0n515tent 5tr1n9 
the0r1e5 1n f0ur d1men510n5 15 1n 50me 5en5e d15- 
c0ura91n9 6ecau5e 0f the 1ack 0f pred1ct1ve p0wer 0f 
the the0ry. H0pefu11y, m0re re5tr1ct1ve c0n5tra1nt5 
w111 6e f0und wh1ch w0u1d k111 m05t 0r a11 0f what 
are at pre5ent th0u9ht t0 6e c0n515tent m0de15 - 1fwe 
are 1ucky en0u9h, 0n1y 0ne m0de1 w111 5urv1ve c0n- 
ta1n1n9 the w0r1d we 11ve 1n. We may a150 have a vac- 
uum that 15 n0t un14ue. 1n any ca5e, pr00f 0f the 
ex15tence 0f phen0men01091ca11y 1ntere5t1n9 c0n515- 
tent m0de15, and further 1nve5t19at10n5 1n th15 d1rec- 
t10n, are certa1n1y needed 1n 0rder t0 under5tand the 
phy51ca1 1mp11cat10n5 (1f any) 0f 5tr1n9 the0r1e5. 

0ne  0fu5 (J.E.K.) thank5 the CERN 7he0ry D1v1- 
510n f0r the k1nd h05p1ta11ty extended t0 h1m. J.E.K. 
15 5upp0rted 1n part 6y the K0rean 5c1ence and En91- 
neer1n9 F0undat10n and the M1n15try 0f Educat10n. 

Append1x. 
M0de1 2. 
We take the em6edd1n9 and the W1150n 11ne5 a5 

,,= ( ~ ~ ~ ~ ~000 )( ~ 0000000) ,  

a, = (0000000~)(0~00 ~ , ,  ~, "J33J , 

a3=(111•21n1/ 1 3333,,3 ~)(~ 1000000). 

7he un6r0ken 9au9e 9r0up 15 

[5U(3) × 5U(2) ×U(1 )51 

X [5U(4) X 5U(2) X5U(2)  XU(1 ) 3 ] ,  , 

and the ch1ra1 ferm10n5 are 

3 { ( 3 , 2 ) + ( 1 , 2 ) + 2 ( 3 * ,  1)+(1,  1)} 

+6{(3, 1)+(3*,  1)}+18(1 ,2)  

+3(1, 2)(1, 1,2)•+3(4, 1, 2)•+6(4*, 1, 1)• 

+ 18(1, 2, 1)• + 18(1, 1, 2)•+51n91et5. 

8e51de5 hav1n9 the unwanted extra 4uark 51n91et5, th15 
m0de1 m1xe5 the n0n-a6e11an 5u69r0up5 0f E8 and 
E1, thu5 ru1n1n9 the 5 U ( 3 ) X 5 U ( 2 ) X U ( 1 ) "  5truc- 
ture. H0wever, th15 can ea511y 6e 0verc0me 6y u51n9 
the extra W1150n 11ne that we have n0t yet c0n51d- 
ered, e.9. a5=(0  .... ,0 ) (0 ,  0, 0, -~, 0, 0, ~, ~), wh1ch 
e11m1nate5 the 5U ( 2 ) × 5U (2) 5ymmetry 1n the h1d- 
den 5ect0r w1th0ut chan91n9 the ma1n 5tructure 0f 
the m0de1 - except f0r the fact that the 5tandard 
m0de1 4uark 51n91et5 c0me fr0m 1ndependent tw15ted 
5ect0r5. 

M0de1 3. 
7he 5h1ft vect0r and the W1150n 11ne5 are taken a5 

v= ( ~ ~ ~ 11000)(  ] 0 0 0 0 0 0 0 ) ,  

a1 = ( 0 0 0 0 0 0 0 1 ) ( 0 1  • 0 0 0 0 0 )  , 

a3~.~( 11121(11 ~ ~ ~ ~ ,~  1 )( 1 ~0000 0 0 ) .  

7he un6r0ken 9au9e 9r0up 15 

[5U(3) ×5U(2)  ×U(1)51× [50(10)  ×U(1)31 •, 

and the ch1ra1 ferm10n5 are 
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3{( 3, 2)+2(3*, 1)+(1, 2)+(1, 1)} 

+3(16)•+12{(3, 1)+3*, 1)} 

+ 36 (1, 2)  + 51n91et5. 
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