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Table2
Model builders’ view of theelementaryparticle spectrum

Spin 2: One graviton,consideredin supergravity,but usually ignoredin modelsthat unify just colorand flavor.

Spin 3/2: An intriguing “hole” in thespectrum;ignored in unified models,but supergravityLagrangianssuggestit shouldbe filled.

Spin 1: Vector bosonsmediatingNature’sinteractions,includingthephotonof QED,thechargedandneutralweakbosons,andtheeight gluons
of thestronginteractions.Unified modelssuggestadditionalvectorbosons;for example,in somemodelstherearebosonsthat mediate
protondecay.

Spin 1/2: Quarksandleptons(only the left-handedstatesarelisted)

(u’~ (c~ (t(?)~~ Weakdoublets
\d’JL \s /L \ b /L

UL dL CL SL bL ILC?) Weaksinglets

.IP~\ /i’,~\ /v,\
i i i — u — p doublets
\eJL \JL/L \TJL

et .sj’j 4 singlets

Are thereadditionalquarksand leptons,or otherfermionswith highercolors?

Spin 0: None areknown for certain.The weakbreakingfollows a = rule andthesuperstrongbreaking,~rI= 0, but it is not known
whethereitherof theseareassociatedwith explicit scalarparticles. One possibility is that thesuperstrongbreakingis dueto explicit
scalarsin theLagrangian,but theweakbreakingis dueto composites.Theorigin of thesymmetrybreakingis a majorpuzzlein today’s
particletheory.

Table 3
Embeddingsof SU~in Simple GroupsG. subjectto theconstraintthat at leastone
irrep of G hasno more than1C, 3C and 3c• G

8 (fi for flavor) is the largest subgroup
definedby 0308 x SU~.The irreps of 0 satisfying therestriction to theset ~C, 3c

arelisted, alongwith their dimensionality.Seeref. [6]

Case 0 ~ f Dimensionality

1. SU~ SU~,XSU~
3XU, us n=n,+3n,

2. SU~ SU~_3xU1 (ak) (~)
3. SU,, SU,,,XSU,,,XSU,,5xU,XU, a n”n,+3n,+3n~

4. SO~ SO,,,xSU,,3xU, fl n = n1+6n,
5. SO,, SO,,~x U1 ii n = n, + 6

o’, o~’or & 21~1)F21

6. Sp,,, Sp~,,,x SU,,,X U, 2n 2n = 2n1 + 6n3
7. F4 SU, 26 26
8. E6 SU,xSU, 27 27
9. E7 SI)6 56 56
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Table6
Cartanmatricesof simple Lie algebras( 2—I 0 .. . 00 /2—3

—I 2 —I .
.

. ~ o A(0
2)= k—i 2

0 —l 2 —l . 0 0
A(A,,)= 2 —1 0 0

I ~ ~ AlF4)=(~ ~ -~

2—1 0 00 2—10000

A(B~)=(0 ~ ~ i _:)A~=(1i i —~ i)
A(C,,) is thetransposeof A(B~),sincetheshort andlong roots areinterchanged.

2—1 0 000 2—100000
—12—1000 —12—10000
0—i 2. 000 0—1 2—100—1

A(D,,)= A(E7)= 0 0 —1 2 —1 0 0
000 2—1—i 000—12—10
000 —1 20 0000—1 20
000 —1 02 00—1 0002

2 —1 0 0 0 0 0 0
—1 2 —1 0 0 0 0 0

0 —1 2 —i 0 0 0 —i
0 0 —1 2 —1 0 0 0

A(E8)= 0 0 0 —i 2 —1 0 0
0 0 0 0 —i 2 —i 0
0 0 0 0 0 —1 2 0
0 0 —1 0 0 0 0 2



82 Table7
Metric tensorsG for weightspace

/in l(n—i) i’(n—2) i~2 1.1
l’(n—i) 2(n—l) 2(n—2) 2~2 2i

I(n—2) 2(n—2)
3(n—2) 32 31

n+i
12 22 32 (n—1).2 (n—1)i

i’i 21 31 ... (n—l)’I ni

/2222
/244.4 2

~I 2466 3

\ 2 4 6 2(n—i) n—l
“1 23 n—I n/2

j 111 •~• I 1

11222 2
~I 1 233 3

1 2 3 n—i n—I
~l 23 n—In

222~2 I
2444 2 2

I 2466 3 3
G(D,,)=~

2 4 6 2(n—2) n—2 n—2
1 2 3 n —2 n/2 (n — 2)/2
1 2 3 n —2 (n — 2)/2 n/2

/4 5 6 4 2 3
/ 5 10 12 8 4 6

_iI 6 12 18 12 6 9
4 8 12 10 5 6\ 2 4 6 5 4 3
369636

4686424
6 12 16 12 8 4 8

1 8 16 24 i8 12 6 i2
G(E,)=~ 6 12 18 15 10 5 9

4 8 12 10 8 4 6
2465433
4 8 12 9 6 3 7

4 7 10 8 6 4 2 5
7 14 20 16 12 8 4 10

10 20 30 24 18 12 6 15
8 16 24 20 15 10 5 12

G(E
8)= 6 12 18 15 12 8 4 9

4 8 12 10 8 6 3 6
2 4 6 5 4 32 3
5 10 15 12 9 6 3 8

1 ~6 3
2

J2 3 2 1
1364 2

G(F4=1 2 4 3 3/2

2 3/2 1
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Table8
Root diagramsin theDynkin basis.“Level of simple roots” is the
numberofsimplerootsthat mustbesubtractedfrom thehighestroot
in ordertoobtain thesimpleroots;thenextlevel hasthenzeroroots

correspondingto theCartansubalgebra

Algebra Highestroot Level of Dimension
simple roots

A,, (100.001) n—i n(n+2)
B,, (0 1 0 ... 000) 2n—2 n(2n+i)
C,, (200 ... 000) 2n—2 n(2n+1)
D,, (0 1 0 ... 000) 2n—4 n(2n—i)
02 (10) 4 14
F

4 (1000) 10 52
(000001) 10 78

E7 (1000000) 16 133
E8 (00000010) 28 248

Table 9
Positiverootsin theDynkin basisof rank 2 and 3 simplealgebras,of SU5 (rank4)andof SO10 (rank 5)

SU3 Sp4 02
(11) (20) (10)

(2 —iX—1 2) (0 1) (—1 3)
(2 —I)(—2 2) (0 1)

(1 —1)

(2 —3~—12)
(1 0 1)

(1 1 —i)(—i 1 1) SO7
(2 —1 0)(—1 2 —i)(0 —i 2) (0 1 0)

(1 —i 2)
(1 0 0)(—1 0 2)

(1 1 —2X—i 1 0)

Sp6 (2 —1 0)(—i 2 —2X0 —i 2)
(2 0 0)
(0 1 0)

(1 —i 1X—2 2 0) SU5
(1i—1X.—i0i) (1001)

(2—1OX—12—IXO—22) (lOl—IX—liOl)
(ii —10)(—1 11 —1)(0—i 11)

(2—i00X—12—10X0—12—1X00—12)

solo

(0 1 0 0 0)
(1 —i 1 0 0)

(—1 0 1 0 OX1 0 —i 11)
(—1 1 —i 1 i)(i 0 0 —i lxi o 0 1 —1)

(0—iOliX—110—iiX—ii0i—IXIO1—1—1)
(0—11—i 1X0—i ii —1X—I il—i —IX1 1—100)

(00—102X00—120X0—12—1—1X—12—iOOX2—1000)
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Table 10
Level vectorsof simple groups.The orderingfollows theconventionsof table 5

SU
4+1 J~=[n,2(n—1),3(n—2) (n—l)2,n]

SI)5 ~=[4,6,6,4]
SU6 ~=[5,8,9,8,5]
S024+1 I~= [2n,2(2n— 1), 3(2n—2),4(2n—3) (n — 1)(n + 2),n(n + 1)12]
SO9 1~= [8, 14, 18, 10]
Sp2,, )~= [(2n— 1), 2(2n—2), 3(2n—3) (n— 1)(n+ 1), n

2]
SO

2, R = [(2n—2),2(2n—3), 3(2n—4) (n— 2)(n+ 1),n(n — 1)/2,n(n — 1)/2]
SO8 1~= [6, 10,6,61
SO~ I~= [8, 14, 18, 10, 10]
G2 ~=[l0,6]
F4 R= [22,42,30, 16]
E6 R = [16,30,42,30,16,22]
E7 = [34,66,96,75,52, 27,49]
E8 .~= [92,182, 270, 220, 168, 114, 58, 136]

Table ha
Weight diagramfor the16 of SO10

level

(00001) 0

~

( 0 0 1 0-1) 1

(01-110) 2

~

( i—i 0 1 0) ( 0 1 0—1 0) 3

°il 04 I°2
(—1 0 0 1 0) (1—1 1—1 0) 4

01 5? 15?
~ .1’~

(-1 0 1—1 0) ( 1 0—1 0 1) 5

034 01

(-1 1—1 0 1) ( 1 0 0 0—1) 6

L
2.~ 5..~ *1

( 0—1 0 0 1) (—1 1 0 0—1) 7

~

( 0-1 1 0 -1) 8

C 0 0-1 1 0) 9

a4
( 0 0 0-1 0) 10
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Table 13
Simpleirreps of simple Lie algebras

Algebra Dynkin designation Dimensionality

A,, (10.0) nI-i
or(0...01)” n+1

B,, (10.0)’ 2n+1
(000.01) 2”

C,, (10.0) 2n
D,, (10.. .0)’ 2n

(00.. .01) 2”~
or (00...010)” 2”~

02 (01) 7
F

4 (0001) 26
E,~ (100000) 27

or (000010)” 27
E7 (0000010) 56
E8 (00000010) 248

* Thisirrep canbeconstructedfrom productsof the
unstarredirrep.

Table 14
Maximal subalgebrasof classicalsimple Lie algebraswith rank 8 or less

Rank1
SU23U, (R)
(SI)2, SO3, Sp2, all isomorphic)

Rank2

SI)3 JSU2xU1 (R)
3 SI)2 (S)

Sp4 3SU2XSU2SU2XU1 (R)
3 SU2 (S)

(SO5isomorphicto Sp4, SO4 = SI)2x SU2)

Rank3
SU4 3SU3xU1 SU2xSU2xU, (R)

3 Sp4;SU2X SU2 (S)
SO7 JSU4 SU2xSU2xSU2 Sp4xU1 (R)

302 (S)
Spo JSU3XU1SU2XSp4 (R)

3 SU2 SI)2x SI)2 (S)
(SO6 is isomorphicto SU4)

Rank4
SI)5 JSI)4xU,;SU2xSI)3xI)1 (R)

3 SP4 (S)
SO8 3 SO8 SU2 X SI)2x Sp4 SU2x 5U4 SO7x U1 (R)

3 SI)2 Si)2 X SU2 (S)
Sps 3SU4XU1 SU2xSp6 Sp4xSp4 (R)

3 SU2 SI)2x SU2 x SU2 (S)
SO8 3 51)2X SU2 x SU2 x SU2 SU,XI), (R)

3 SI)3 SO7 SI)2x 5p~ (5)
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Table 14 (continued)

Rank5
SI)

6 3SI)5xI)1SU2XSI)4XI)1SU3XSU3XU1 (R)

3 SI)3 SI)4 Sp6 SI)2 X SI)3 (S)
SO,,3 SOIo SI)2 5< SO8 Sp4 x SU4 SI)2 X SI)2 X SO7 SO9 X U1 (R)

3 SU2 (S)
Sp103SI)oxI)i; SU2XSp5 Sp4xSp~ (R)

3 SI)2 SI)2 X Sp4 (S)
SO103SI)5x I)1 SU2X SI)2x SU4 5O~XI)1 (R)

3 Sp4 SO9 SI)2)< SO7 Sp4 x Sp4 (S)

Rank6
SI)7 JSU6X U~51J2x5tJ5xU1 SU5XSU4xU1 (R)

3SO7 (S)
SO13 3 SO,2 SI)2x S010 Sp4 x SO8 SI)4 X SO7 SU2x SI)2 5< SO9 SO1, x I)1 (R)

3SI)2 (S)
Sp, 23SI) 6xU,; SI) 2xSp,o; Sp4XSps; Sp6xSp6 (R)

35U2 SI)2X SI)4 SI)2XSp4 (S)

SO12 3 SI)6 X Ui; SI)2x SI)2 x SO8 SI)4 x SI)4 SO,0 x U1 (R)
3SI)2xSp6 SU2xSU2XSU2 SOIl; SU2XSO9 Sp4xSO7 (S)

Rank7
SI)8 3SI)7XU,;SU2XSI)6XI),;SI)3XSI)5XI),;SU4XSU4XI)j (R)

3S08 Sp8 SU2xSI)4 (5)
SO,5 3 SO14 SI)2 X SO,2 Sp4 x SOio; SO7 x 508; SI)4x SO9 SI)2 x SI)2x SO11 SO13 x U1 (R)

3 SU~SU4 SI)2 5< Sp4 (S)
Sp,4JSU7xU1 SU2XSp12 Sp4XSp10 SpoXSpg (R)

3SI)2 SI)2 X SO7 (S)
SO,4 3 SI)7XI),; SI)2 X SU2 x SOjo; SI)4 X SOg; SO12 5< I)i (R)

3Sp4 Sp602; SO13 SI)2 X SOi,; Sp4 5< SO9 SO7 X SO7 (S)

Rank8
SI) 9 3SI)oxUi;SU 2XSI) 7XU1SU3XSI)oXI) 1SI) 4XSU0XU1 (R)

3 SO9 SI) 3>< SI) 3 (S)
SO~73 SO,6 SI)2x SO~,;Sp~x S0i2 SO7 X SO,o;SO8 X SO9 SI)4 X SO~~

SI)2x SI)2x SO13 S015x I)1 (}~)
3SU2 (5)

Sp,6 3 SI)8x I)i; SI)2 5< Spl4; S~)4X SP12 Sf)~X SPl0 Spgx Sp~ (R)
3SI)2 Sp4;5I)2x SO8 (5)

SO,6 3 SI)8 X I)1 SI)2x SI)2 X SO,2 SI)4 x SO,o;SO8 x 5O9; SO14 x U, (R)
3S09 SU2XSp8 Sp4xSp4 SO,5 SI)2XSO,3 Sp4XSO,,;SO7XSO9 (5)
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Table 15 Table 16
Maximal subalgebrasof exceptionalalgebras;branchingrules for thefundamentalrepresen- ExtendedDynkin diagramsfor simple Lie al-

tation gebras.(Theextendedrootis markedby x; black
— dotsrepresentshorterroots.)

G
2JSU3 7=1+3+3 (R)
JSU2xSU2 7=(2,2)+(1,3) (R)

A 0~0—0— ... —O~~0
JSU2 7=7 (S) 1 2 3 n-i n

F43S09 26=1+9±16 (R) ~L 2 3 n-i 11

3 SI)5x SI)3 26= (8, i)+ (3,3)+(~,~) (J~) B0 I)o—o— ... —~
JSU2xSp4 26=(2,6)+(1,14) (R)

x
JSU2 26=9+17 (S) x 1 2 n-i n
3 SU2 x G2 26 = (5, 1) + (3,7) (S) ~ ...

E63SO10xU1 27=1+10+16 (R) n-I
3 SI)2 x SU6 27 = (2,~)+ (1, 15) (R) X 2 3 -

SI)3x SI)3 27: (~,3,1c)+(3,i,3)+(i,~) (R) D5? >—_0_ ... __tZ~’

JSU3 27 27 (S) 1 n
3G2 27=27 (S)
3Sp8 27=27 (S)
3F4 27=1+26 (S) G2
JSI)3xG2 27= (6,1)+(3,7) (S) X 1 2 3 4

— F4 0—0———~—-—I
E7JE6xI) 1 56=1+1+27+27 (R)

3 SI)8 56 = 28 + 28 (R) çx
3 SI)2x SO12 56 = (2, 12)+(1,32) (R) E
3SU3x SI)6 56=(3,6)+(3,6)+(i,20) (R) 6 1 2 3 4 5

3 SU2 56 = 10+ 18 + 28 (S) 97
3SI)2 56=6+12+16+22 (S) E7 0—0—--—0-——-O———0——--0-—--0
JSI)3 56=284-28 (S) x 1 2 3 4 5 6
3 SI)2 X SI)2 56= (5,2)+ (3,6)+ (7,4) (S) 08
3 SI)2 X 02 56= (4,7)+ (2, 14) (S) E
~ SI)2)< F, 56 = (4, 1)+ (2,26) (5) 8 1 2 3 4 5 6 7 x
3G2x Sp6 56= (1, 14’)+(7,6) (S) ________________________________

E83S016 248=120+128 — — (R)
3 SI)5 5< SI)5 248 = (24, 1)+ (1,24)+ (10, 5)+ (10,5)+ (5, h0)+ (5, 10) (R)
3SI)3x E6 248=(8, i)+ (1,78)+(3,27)+(~,27) (R)
3SU2xE7 248=(3, i)+(1, 133)+(2,56) (R)
JSU9 248=80+84+84 (R)

JSU2 248=3±15+23+27+35±39+47+59 (5)
JSI)2 248=3+11+15+19+23+27+29+35+39+47 (S)
3SI)z 248=3+7+11+15+17+19+23+23+27+29+35÷39(5)
3G2xF4 248= (14, i)+(1,52)+(7,26) (S)
3SI)2xSI)3 248= (3,1)+(1,8)+(7,8)+(5, i0)+(5,10)+(3,27) (5)

3S~4 248=10+84+154 (5)
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Table 17
Symmetricsubgroupsof simple groups

0 Os rank(A) Action of Con irrep R

SI),, SO,, n—i
SI),,÷

8 SI),, x SI)4x Ut min(p,q)” R
SI)2,, Sp~,, n-i R
SO~.9 SO,, x SO4 min(p, q)” R (p or q even)

R orR’ (.p andq odd)b
SO~, SI),, X I)1 [n/2] R
Sp2,, SU4xI)1 n R
Sp~,.2q Sp~,XSpi~ min(p,q~ R
02 SI)2XSI)2 2 R
F4 SU2xSp6 4 R

SO9 1 R
Sps 6
SI)2xSU6 4 R
5O10xU1 2 R
F4 2 R

E7 SI)8 7 R
SU2XSO12 4 R
E,xU1 3 R

E8 SO16 8 R
SI)2xE7 4 R

“Thecasep orq equalunity definesa symmetricsubgroupwith SI)i or
SO, empty; theLie algebraof Sp2 is isomorphicto that of SI)2.

If p + q = 4n + 2, C reflects complex spinor irreps into their con-

jugates;if p + q = 4n, C reflectstherealor pseudorealspinor irrepsinto the
nonequivalentspinor of thesamedimension.

Table 18
E6anditssubgroupswith UI

41 x SU~

Group No.max. Satisfactorymaximal Unsatisfactorymaximal
subgroups subgroups subgroups

8 F
4, SO,oX I)1, SI)2 X SI)6, 02, SI)3, SI)3X 02,

SI)3x STJ~x SI)3 [Spa]
F4 5 SO9, SI)3x SI)3 SI)2, SI)2)< G2,

[SI)2x Sp~]
SO9 5 SO8, SI)2x SI)4 SI)2, SI)2 5< SI)2,

SI)2xSI)2xSp4, SO7xI)1”
SO8 4 SO7, SI)4x I), SI)3, SI)2x Spa,

SI)2 x SI)2x SI)2x SI)2
SO7 3 SI), 02, SU2 XSI)2 X SI)2, S~)4X I)1
SI)4 3 SI)3xI), Spa, SI)2 5< SI)2
SO,0 6 SI)5XI),, SI)2x SI)2x SI),, SJ34, 5~)4X 5~74

SO9, SI)2 5< SO7, SO8 XI),

SU6 7 SI)5XI),, SU2 x I)1 x SI)4, SI)3, SI)2x SI)3,
SI)3x SI)3xI), [SI)4],[Sp6]

SI)5 3 SI),xI)1,SI)2xI),xSI)3 5p,

* Seediscussionfor table40.
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Table 19
Physicalroots andaxesin E, weightspace

Dynkin basis Dual basis Dynkin basis Dual basis
(1 i)(000001) [123212] I~’axis ~(i0001—i) ~[i 11110]

Colorroots (2—i)(0i00—iO) [1221011 Y~axis ~(3—46—6i—1) fti—i 1—3—10]
(—1 2)(0 —100 ii) [00 liii] 0’ axis 3(1 —1 0 1 —10) [1 —1 0 1 —1 0]

Weakisospin root (1 0 0 0 1 —1) [11111 0] 0’ axis (—3 —i 4 1 —i —4) [—11 4 3 1 0]
Q4141 axis ~(3—2 3 —3 2 —2) ft2 1 20 1 0] k3r’+4Q’~1013) (—1 —i 2 —i —1 0) [—1—i 0 —1 —10]

Table 20
NonzeroF, roots

Root Level Color 0””’ fl 0’ SI)~(SO,~)~ a a

Color SI)
3 roots

(0 0 0 0 0 1) 0 (11) 0 0 0 24(45) 0 0
(0100—10) 4 (2—I) 0 0 0 24(45) 0 0
(0 —1 0 0 1 1) 7 (—1 2) 0 0 0 24(45) 0 0
Left-handedSI)3 roots
(10001—i) 6 (00) 1 1 0 24(45) 0 ±1
(—1 1 0 0 1 —1) 7 (00) 0 1/2 —3 5(16) 3c 3d±2
(—2 1 0 00 0) 12 (0 0) —1 —1/2 —3 5(16) 3c 3d±i
Right-handedSI)3 roots —

(0 —iii —i —1) 9 (0 0) 0 0 3 1(16) a+b—2c —d+2e2
(00—12—1 0) 10 (00) —1 0 3 10(16) —a+2b—c —2d+e1
(0 —1 2 —1 0 —1) 10 (0 0) 1 0 0 10(45) 2a—b—c d+31
SI)5antilepto-diquarks
(1 —ii —110) 4 (0 1) 4/3 1/2 0 24(45) a—b—c 0
(1 0 1 —i 0 —1) 8 (1 —1) 4/3 1/2 0 24(45) a—b—c 0
(1 —ii —ii —1) 15 (—1 0) 4/3 1/2 0 24(45) a—b—c 0
(0 —11 —i 0 1) 9 (0 1) 1/3 —1/2 0 24(45) a—b—c fl
(00 1 —i —10) 13 (1 —1) 1/3 —1/2 0 24(45) a—b—c fl
(0 —1 1 —1 0 0) 20 (—1 0) 1/3 — 1/2 0 24(45) a —1,—c ; 1
SO,o/5U5 leptoquarks
(0 0 1 0 0 —1) 1 (1 0) 2/3 1/2 0 10(45) a d+e
(0 —i 1 0 1 —1) 8 (—1 1) 2/3 1/2 0 10(45) a d+ e
(0 0 1 0 0 —2) 12 (0 —1) 2/3 1/2 0 10(45) a d+e
(—10 10—1 0) 6 (1 0) —1/3 —1/2 0 10(45) a d+e;1
(—1 —11 000) 13 (—1 1) —1/3 —1/2 0 10(45) a d+efl
(—10 10—1 —1) 17 (0—1) —1/3 —1/2 Q 10(45) a d+e;1
(—1 0 0 1 0 0) 4 (0 1) —2/3 0 0 10(45) b+c d+e
(—1 1 0 1 —1 —1) 8 (1 —1) —2/3 0 0 10(45) b+c d+e
(—1 0 0 1 0 —1) 15 (—1 0) —2/3 0 0 10(45) b + c d+e
E6/SO,oleptoquarks
(0 1 0 —1 1 0) 3 (1 0) 2/3 1/2 —3 10(16) — b + 2c 2d — e ±2
(0 0 0 —i 2 0) 10 (—1 1) 2/3 1/2 —3 10(16) — b + 2c 2d — e ±2
(0 1 0 —ii —1) 14 (0 —1) 2/3 1/2 —3 10(16) —b+2c 2d—e±2
(—1 1 0 —i 0 1) 8 (1 0) —1/3 —1/2 —3 10(16) —b+2c 2d—e±i
(—1 0 0 —iii) 15 (—1 1) — 1/3 — 1/2 —3 10(16) — b + 2c 2d — e ±1
(—1 1 0 —i 0 0) 19 (0 —1) —1/3 —1/2 —3 10(16) —b+2c 2d—e±1
(—1 0 1 —11 0) 5 (0 1) 1/3 0 —3 ~i6) a—b+2c 3d±1
(—1 11 —i 0 —1) 9 (1 —1) 1/3 0 —3 ~i6) a—b+2c 3d±1
(—1 0 1 —i 1 —1) 16 (—1 0) 1/3 0 —3 ~‘(i6) a— b + 2c 3d ±1
(—1 1 —1 0 11) 6 (0 1) —2/3 0 —3 10(16) —a+3c 2d—e±2
(—12—1000) 10 (1 —1) —2/3 0 —3 10(16) —a+3c 2d—e±2
(—1 1 —i 0 1 0) 17 (—1 0) —2/3 0 —3 10(16) —a+3c 2d—e±2



R. Slansky, Group theory for unified model building 91

~ ~
04? N

‘5 _4
0.0 N
v ~ — N ‘H— .. ‘H

N 0 ..H1(7 ‘ ‘0 ~ ,~, ‘H

-5 -5 -3 ‘0 -5 ‘0 1(1 00 ‘0 ~ ‘~

~ ~:-~ ~
0 N N N N N N N N N N N N

liv
-~~‘v

‘0IE ~E Y

C’, ‘0 o~ ~‘0 ~ 0’ -5 ‘0 r— ‘0
VI U) Cd) U) CO U) CO U) I’, g,~ 0.1 US

— .-, =. ~ ~‘ ~-

- 0 0 I ‘-‘0 0 .= 0 I 0 — 0 0 ‘ — 0 —0
— I~r o__o0 ~ 0 ~
0 0 — — I — — 0 0 0 0 0 © — 0 0 0

~ _00___ I lo 0©_©..,©©0_ _©©—__ I I
I

I — — I © 0 — 0 0 —
I

— — 0 0 0 I 0 — 0 I I 0 0

~ ~ ~- ~

~ ~ ~

XI ~XXIXIX ~XXX IXIXIXlXIXIX~

- — . — — N N N N ~ N N N N N N
0 1111 III III

‘0 000 000000000I
III

~ ~
0 — — 0 — 0 0 — 0 N c~1~t N N N

‘0 ~
I

I 111111 II
5?
C

5- ~ ~ ~
0 0 000 0 0 0 0 0 — I —

I
© — I —

P
— — I — — I —

9.e.s9.~.s9.s9. ~ ~~J9~~L2.L

~ CS OS 9 0 40 0 lU— 517 — ~ 40 N’0 I~7 r

00 .0 -‘0 — — — 0
— — 0 — 0 o— _ © — — — 0 0 0 I — 0 0 0 I I — — 0I ,.,0 — 0 — I _~_ 0 0 — 0 0 0 I 0

0 — I 0 I © — © © 0 000 .~© 0 — — —— 0 — — — — I © © ©© © ©©©© I
I

I _©____

0 0 — -‘0 — — ©~ 00 — © — © — 0 ©0~’ I I.ff ©
I

©©,‘,.., I © I ©© I ©~,,,., 0 I © I © ©

~ ~ ~ 9.S9.SS9.9.9.~.



92 R. Slansky, Group theory for unified model building

Table 23
SI)

3 irreps of dimensionless than65

Dynkin Dimension 1 SI)2 SO3
label (name) (index) Triality singlets singlets

(10) 3 1 1 1 0
(20) 6 5 2” 1 1
(ii) 8 6 0 1”” 0
(30) 10 15 0 1 0
(21) 15 20 1 1 0
(40) 15 35 1 1
(05) 21 70 1 1 0
(13) 24 50 1 1 0
(22) 27 54 0 1”” 1
(60) 28 126 0 1
(41) 35 105 0 1 0
(70) 36 210 1 1 0
(32) 42 119- 1 1 0
(08) 45 330 1 1
(51) 48 196 1 1 0
(90) 55 495 0 1 0
(24) 60 230 1 1
(16) 63 336 1 1 0
(33) 64 240 0 1”” 0

*Note standardconventionthat 6 = (20).

““SI) 2X I)1 singlet.

Table 24
SU3 tensorproducts;triality 0 and 1 combinationsshown

X 3 = 3, + 6,
3x3=1+8
6 x 3 = 8 + 10
6x 3=3+ 15
6x6=~+15,4- i5~
6x 6 = I +8 + 27
8x 3=3+6+ 15
8X6= 3+~+15+24

8x8= i,+8,+8,,+10,,+10,,+27~
lOx 3= 15+ 15’
lOx 3 = + 24
10 x 6= 3+ 15+42
10x~=15+21+24
10 x 8 = 8+10+ 27+35

lOx 10= 10,, + 27, + 28, + 35~
lOx 10=1+8+27+64

15 x 3= 6+15+ 24
15x 3= 8+ 10 + 27

15 x 6= 3+6+ 15 + 24+42
15x6=8+10+10+27+35
15x8= 3+~+i51+ i5)+ 15+24+42

I5~xi0=~+15+15+24+42+48
15xi0=3+~+i5’+24+42+60
15 x 15 = 3, +~,,+ 15, + 15, + i5~+21,+ 24, + 24, + 42,+ 60,
15xi5= 1+81+82+10+1O+27,+27)+35+35+64
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Table 25 Table 26
SI)

4 irreps of dimensionless than 180 SU4 tensorproducts;quadrality0, 1 and2 shown

Dynkin Dimension I SI)3 4 x 4 = 6,+ 10.
label (name) (index) Quadrality singlets 4 X 4 = 1 + 15

6x ~ = 4 + 20
(100) 4 1 1 1 6x6=i,+15,+20~
(010) 6 2 2 0 10x4=20+2O”
(200) 10 6 2 1 1Ox4~4+36
(101) 15 8 0 1” 10x6=15+45
(011) 20 13 i 0 lOx i0=2O~+35,+45,
(020) 20’ 16 0 0 lOxiO=1+15+84
(003) 20” 21 1 1 15x4=4i-2O+36
(400) 35 56 0 1 15x6=6+iOi-iO+64
(201) 36 33 i 1 15x10=6+1O+64+70 —
(210) 45 48 0 0 i5x15= 1,+i5,+i5,+20~+45,+45,+84,
(030) 50 70 2 0 2Ox4= 15+2O’+45
(500) 56 126 i i 2Ox4=6+lOi-64
(120) 60 71 i o 2Ox64+2O+36+60
(iii) 64 64 2 o ~x~=2O+36+6O+84’
(301) 70 98 2 1 2OxiO=4+20+36+i40
(202) 84 112 o i~ 2Ox15=4±2O1+2O2+20”+36+6O+i40
(310) 84’ 133 i o 2Ox2O=6,,+10,+iO,+5O,+M,+64,+7O,÷i~,
(600) 84” 252 2 1 2Ox2O= 1* i5+152+20’±45+45+84-*175
(040) 105 224 0 o 20’ x 4 = 20+ 60
(104) 120 238 i 1 20’ x 6 = 6 + 50+ 64
(007) 120’ 462 1 i 20’xlO=1O+64+i26
(220) 126 210 2 0 2O’x 15=i5+2O’+45+~5÷175
(112) 140 203 1 o 20’x20=4+20+36+60+l40+i40’
(031) 140’ 259 i o 20’x 20= i,+ 15,+20~+84,+105,4-175,
(410) 140” 308 2 0
(302) 160 296 1
(800) 165 792 0 1
(121) 175 280 0 0

*SUsxUi singlet.

Table 27
Branchingrules for SI)43 SU3X U1

(100) = 4 = 1(1) + 3(—i/3) (establishesnormalizationof U, generator)
(010) =6 = 3(2/3) + 3(—2/3)

(200)=10= l(2)+3(2/3)+6(—2/3)
(10i)= 15=1(0)4-3(—4/3)+~(4/3)4-8(0)
(O11)= 20= 3(—i/3)+3(—5/3)+~(—i/3)+8(i)
(020)= 20’ = ~(—4/3)+ 6(4/3)+ 8(0)
(O03)=20”=1(—3)+~(—5/3)+~4—i/3)4-iO(i)
(400) = 35 = 1(4) + 3(8/3)+ 6(4/3)+ 10(0)+ 15’(—4/3)
(201)=36= l(i)+3(—l/3)+~(7/3)+6(—5/3)-I-8(1)+i5(—l/3)
(210) = 45 = 3(8/3)+~(4/3)+ 6(4/3)+ 6(4/3)+ 8(0)+ 10(0)+ 15(—4/3)
(030)= 50 = 10(2)+ 1O(—2) + 15(2/3)+ i5(—2/3)
(500)= 56 = 1(5) + 3(11/3)+ 6(7/3)+ 10(1)+ 15’(— 1/3)+ 21(—5/3)
(120)=60=6(—1/3)+6(7/3)+8(1)+1O(i)+ 15(—i/3)+i5(—5/3)
(ill) = 64 = 3(2/3)+ ~(—2/3)+ ~(2/3)+ 6(—2/3)+ 8(2) + 8(—2)+ 15(2/3)+ 15(—2/3)



94 R. Slansky, Group theory for unified model building

Table 28
SU

5 irrepsof dimensionless than800

Dynkin Dimension I SI) 4 SI) 2 x SI) 3
label (name) (index) Quintality singlets singlets

(1000) 5 1 1 1 0
(0100) 10 3 2 0 1
(2000) 15 7 2 1 0
(1001) 24 10 0 1” 1”
(0003) 35 28 2 1 0
(0011) 40 22 2 0 0
(0101) 45 24 1 0 0
(0020) 50 35 1 0
(2001) 70 49 1 1 0
(0004) 70’ 84 1 1 0
(0110) 75 50 0 0 1”
(0012) 105 91 1 0 0
(2010) 126 105 0 0 0
(5000) 126’ 210 0 1 0
(3001) 160 168 2 1 0
(1101) 175 140 2 0
(1200) 175’ 175 0 0 0
(0300) 175” 210 1 0 1
(2002) 200 200 0 1” 1”
(1020) 210 203 2 0 0
(6000) 210’ 462 1 1 0
(3100) 224 280 0 0 0
(1110) 280 266 1 0 0
(3010) 280’ 336 1 0 0
(0210) 315 357 2 0
(1004) 315’ 462 2 1 0
(7000) 330 924 2 1 0
(2200) 420 574 1 0 0
(4100) 420’ 714 1 0 0
(1012) 450 510 2 0 0
(3002) 450’ 615 1 1 0
(1102) 480 536 1 0 0
(0040) 490 882 2 0 1
(0008) 495 1716 2 1 0
(4010) 540 882 2 0 0
(0202) 560 728 2 0 0
(1300) 560’ 868 2 0 0
(1005) 560” 1092 1 1 0
(2110) 700 910 2 0 0
(1030) 700’ 1050 0 0 0
(0009) 715 3003 1 1 0
(1021) 720 924 1 0
(5100) 720’ 1596 2 0 0

(0130) 980 1666 1 0
(1111) 1024 1280 0 0
(0121) 1050 1540 2 0 0
(0211) 1120 1624 1 0 0
(0220) 1176 1960 0 0 1”



R. Slansky, Group theoryfor unified model building 95

Table 29

SU
5 tensor products

5x5= 10,+i5,
5 x S = 1 + 24

T~x5=10+40
lOx S = 5+ 45

lox 10 = 5, + 45,+ 50,
10 x 10 = 1+24+ 75
15 x S = 35 + 40

15x 5=5+ 70
15x 10=45+105
lSxiO=24+ 126
i5xI5=5O,+7O~+105,
lSx 15=1+24+200
24x 5 = 5 + 45 +70

24x 10= 10+ 15+40+ 175
24x 15= 10+ 15+160+ 175
24x24= 1,+24,+24,+75,+126,4-126,4-200,
40x5=1O4-151-175
40 x 5 = 45 + 50+105

40x 10=24+75+126+175’
40 x 10 = 5 + 45 + 70+ 280
40x 15=75+126+ 175’+224

x 15 = 5 + 45 + 70 + 480
40x24=10+35+40,4-402+175+210+450
40x40= 45, + 50, + 70, + i75 + 280, + 280, + 280~+ 420,
40 x 40 = 1 + 24~+ 242+ 75 + 126+ 126+ 200 + 1024
45x5=10+40+175
45 x 5 = 24+ 75 + 126

45x1O=5+45+50+70+280
45x 10= 10+15+40+175+210
45 x 15 = 45 + 70 + 280 + 280’
45x 15=10+40+175+450
45 x 24 = 5 +

45i + 45~+ 50 + 70 + 105+ 280+ 480
45x40=10+15+40+160+175,+1752+210+315+700
45 x 40 = 45 + 50, + 502 + 70 + 105+ 280+ 480+ 720
45x45= iO,+ i5,+35, + 40,+40,+ 175,+ 175,+ 210,+315,4-450,+ 560,
45 x 45 = 1 + 24, +24) + 75~+ 752 + 126+ 126+ 175’ + 175’ + 200 + 1024
50 x 5 = 40+ 210
50x5=75+ 175’

5OxlO= 10+175+315
5Ox 10=45+175”+280
50x15= 15+175+560

50xi5=50+280+42O
5024=45+ 50+ 105 + 280+ 720
50x40=40+175+210-s-315+560’+700
50x40=5+ 45 + 70 + 280+ 480+1120
50X45= 10+40+175+210+315+450+1050
5Ox45=24+75+126+ 126+ 175’+70(Y+ 1024
50 X 50 = 15,+ 175, + 210, + 490,+ 560,+ 1050,
5050=1+24+75+200+1024+1176

75 x 5=45+ 50 + 280
75x 10 = 10 +40+ 175 + 210+ 315
75x15=40+175+210+700
75X24= 24+ 75, + 752+ 126+ 126+ 175’+ 175’ + 1024
75x40=iO+15+40+175,+1752+210+315+450+560+1050
75X45= 5+45,+452+50+70+105+175”+2801+2802+480+720+1120
75X50=5+ 45+ 50 + 70 + 280+ 480+ 720+ 980+ 1120
75X75= l,+24,+24.+75.+75,+126,i-126,4-175~+175~+200,+700~+700~+1024,4-102,4,4-1176,
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Table30
Branchingrules for SI)

5

SU5JSI)4xU1
(1000)=5= l(4)+4(—i)
(0100)= 10 = 4(3)+ 6(—2)
(2000)=15= i(8)+4(3)+1O(—2)
(lOOi)=24= i(O)+4(—5)+~(5)+15(0)
(0003)= 35 = i(— 12)+ ~(—7)+ 1O(—2) + 20”(3)
(0011)= 40 = ~(—7)+6(—2)+ iO(—2)+ 20(3)

(0101)= 45 = 4(— 1)+ 6(—6) + 15(4) + 20—i)
(0020)= 50 = iO(—6) + 2O(—1) + 20(4)
(2001)= 70 = 1(4) + 4(—i)+ ~(9)+10(—6) + 15(4)+ 36(—i)
(0004)=70’= i(—i6)+4(—11)+l0(—6)+20”(—1)+35(4)
(0110) = 75 = 15(0)+ 2O(—5) + 20(5)+ 20’(O)

SI)s3 SI)2 X SI)3 U1
5= (2,1X3)+(i,3)(—2)

10 = (1, iX6) + (1,~)(—4)+ (2,3)0)
15 = (3, i)(6)+ (2,3)(1)+(1,6X—4)
24 = (1, IXO) + (3, I)(O) + (2,3X—5) + (2,~X5)+ (1,8)(0)
35 = (4, 1X—9) + (3,3X—4)+ (2,~)(1)+ (1,10X6)
40 = (2, iX—9) + (2,3)0)+ (1,~X—4)+ (3,~)(—4)+ (1,8X6) + (2,~)(l)
45 = (2, 1X3)+ (I, 3X—2) + (3,3)(—2) + (1,3X8)+ (2,~)(—7)+ (1,~X—2)+(2,8X3)
50 = (1, 1X—12) + (1,3X—2)+ (2,~)(—7)+ (3,~)(—2)+(1,6X8)+(2,8X3)
70 = (2, 1X3)+ (4, 1X3) + (1,3X—2) + (3,3X—2)+ (3,~X8)+ (2,6X—7)+(2,8X3)+ (1, i5X—2)

70’ = (5, i)(— 12)+ (4,3X—7) + (3,g)(—2)+ (2,10X3)+ (1, 15’X8)
75 = (1, 1XO) + (1,3)(10)+ (2, 3)(—5)+ (1,~X—10)-f (2,~X5)+ (2,6X—5) + (2,6X5) + (1,8X0) + (3,8)(0)

Table31
SI)6 irrepsof dimensionless than1000

Dynkin I SI)s SI)2X SI)4 SI)3 5< SI),
label Dimension (index) Sextality singlets singlets singlets

(10000) 6 1 1 1 0 0
(01000) 15 4 2 0 1 0
(00100) 20 6 3 0 0 2
(20000) 21 8 2 1 0 0
(10001) 35 12 0 1” 1” 1”
(30000) 56 36 3 1 0 0
(11000) 70 33 3 0 0 0
(01001) 84 38 1 0 0 0
(00101) 105 52 2 0 0 0
(00020) 105’ 64 2 0 1 0
(20001) 120 68 1 1 0 0
(00004) 126 120 2 1 0 0
(00200) 175 120 0 0 0 2+1”
(01010) 189 108 0 0 1” 1”
(00110) 210 131 1 0 0 0
(00012) 210’ 152 2 0 0 0
(00005) 252 330 1 1 0 0
(20010) 280 192 0 0 0 0
(30001) 315 264 2 1 0 0
(00102) 336 248 1 0 0 0
(11001) 384 256 2 0 1 0
(20002) 405 324 0 1” 1~ 1”



R. Slansky, Group theory for unified model building 97

Table 31 (continued)

Dynkin / SI)
5 SI)2x SI)4 SU3 x SU,

label Dimension (index) Sextality singlets singlets singlets

(00021) 420 358 1 0 0 o
(00006) 462 792 0 1 0 0
(00030) 490 504 0 0 1 0
(00013) 504 516 1 0 0 0
(10101) 540 378 3 0 0 2
(02001) 560 456 3 0 0 0
(40001) 700 810 3 1 0 o
(30010) 720 696 1 0 0 0
(70000) 792 1716 1 1 0 0
(11010) 840 668 1 0 0 0
(10200) 840’ 764 1 0 0 0
(30100) 840” 864 0 0 0 0
(11100) 896 768 0 0 0 0
(00300) 980 1134 3 0 0 4

(10110) 1050 880 2 0 (1 o
(21001) 1134 1053 3 0 0 0
(22000) 1134’ 1296 0 0 0 0
(02010) 1176 1120 2 0 1 0
(02100) 1176’ 1204 1 0 0 0
(11002) 1260 1146 1 0 0 0
(01200) 1470 1568 2 0 0 0
(10102) 1701 1620 2 0 0 0
(13000) 1764 2310 1 0 0 0
(04000) 1764’ 2688 2
(02002) 1800 1920 2 0 0 0
(01110) 1960 1932 3 0 0 2
(10021) 2205 2352 2 0 1 0
(21010) 2430 2592 2 0 0 0
(21100) 2520 2868 1 0 0 0
(20200) 2520’ 2976 2 0 0 0
(10030) 2520” 3156 1 0 0 0
(01102) 3240 3564 3 0 0 0
(11011) 3675 3780 0 0 1” 1”
(10201) 3969 4536 0 0 0 2+1”
(00400) 4116 7056 0 0 0 4+1”
(10111) 4410 4767 1 0 0 0
(12100) 4410’ 5712 2 0 0 0
(00301) 4410” 6216 2 0 0 0
(01021) 4536 5508 3 0 0 0
(00130) 4704 7056 3 0 0 0
(02011) 5040 6024 1

(01030) 5040’ 7104 2
(02101) 5670 7128 0
(00211) 5880 7812 3
(02020) 6720 9216 0
(01201) 6804 8910 1
(00220) 7056 10752 2
(00310) 7056’ 11256 1
(01111) 8064 9984 2
(01120) 10080 14352 1
(01210) 11340 16848 0
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Table 32
SI)

6 tensorproducts

6x6= 15,-I-21,
6x 6 = 1 + 35

15x6=20+70
15x~=6+84
15x 15=1+35+ 189

15x15=15,-4-1O5,+ iO5
2Ox~=15+ 105

20 x 15=6+ 84+ 210
2Ox20=1,+35,+175,4-189,
21x6= 56+70
21x~=6+120

21x15= 105+210’

21 x15= 35±280
2lx2O= 84+336
2ix2i= 1+35+405
21x2i= lO5~+126,+2l0~
35 x 6 = 6+ 84+120

35x15=15+21+105+384
35 x 20 = 20+ 70 + 70 + 540
35x2l=15+21+315+384
35 x 35 = 1, + 35, + 35.4-189,+280, + 280,+405,
70x6= 15+21+384
70x6=105+ i05’+2i0’

70x15=6+84+120+840
7Ox15 = 84+ 210+336+420

70 x 20 = 35+ 189+280+ 896
70 x 21= 6+84+120+ 1260

70x21= 210+336+420+ 504
70 x 35 = 20+56+70, + 702+540+560+1134
70x70=175,4-189,+280,+490,+840~+896,+896.+1134,
70x70=1+35,4-352+189+280+280+405+3675
84x6=15+105+384
84x6=354189+280

84X15=20+70+70+540+560
84x15=6+84+120+210+840
84x20=15+21+1O5+105’+384+1050
84x21= 20+70 + 540+1134
84x21= 84+ 120+840+ 720
84x35=6+ 84, + 84)4-120+ 210+ 336+840+ 1260
84x70=15+21+105+315+3841+3842+1050+1176+2430
84x70=15xi05,+1052+105’+210’+384+l050+1701+2205
84X 84=15,+21,+1051+105,4-105~+210~+384,+384,+1050,4-1176,4-1701,4-1800,
84X84= 1+351+352+175+189,4-189)4-280+280+405+896+896+3675
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Table 35
SO

7 tensorproducts

7x7= 1,4-21,4-27,
8x 7=8+48
8x8= l,+7,+2i,+35,

21x 7= 7+ 35 + 105
21x 8=8+ 48+ 112

21 x21 = 1,+21,+27,+35,+168,4-189,
27 x 7= 7+77+ 105
27x8=48+ 168’

27x2i = 21+27+189+330
27x27= 1,~21,~27,4-168,4- 182,+330,

35 x 7=21+ 35 + 189
35x8=8+48+112+ 112’

35x2i = 7+21+35+105+189+378
35x 27=35+105+189+616
35x35 = 1, + 7, +21, + 27, + 35, + 105,+ 168,+ 189,+ 294,+ 378,

48x7=8+48+112+168’
48 x 8= 7+21+ 27+ 35 + 105 + 189

48x2i = 8+48,4-482+112+112+168+512
48x27=8+48+112+168+448+512
48x35=8+481+482+112,4-1122+112+168+512+560
48 x 48 = 1,4-7,+2l,~+ 21,2+ 27,+35,1 + 35,24- 77, + 105,4-105,,+ 168,4- 189,+ 189, + 330,4-378,+ 616,

Table36
SO~irreps of dimensionlessthan 1300

Dynkin Dimension Congruency //8 Branchinginto
label (name) class (index) SO7 irreps

(1000) 8, (01) 1 8
(0001) 8, (10) 1 1+7
(0010) 8, (11) 1 8
(0100) 28 (00) 6 7+21
(2000) 35, (00) 10 35
(0002) 35, (00) 10 1 + 7+ 27
(0020) 35, (00) 10 35
(0011) 56,, (01) 15 8+48
(1010) 56, (10) 15 21 + 35
(1001) 56, (ii) 15 8+48
(3000) 112,, (01) 54 112’
(0003) 112, (10) 54 1+7+27+77
(0030) 112. (11) 54 112’
(1100) 160, (01) 60 48+ 112
(0101) 160, (10) 60 7+21+27+105
(0110) 160, (11) 60 48+ 112
(1002) 224,, (01) 100 8+48+168’
(1020) 224,, (01) 100 112+ 112’
(2001) 224,, (10) 100 35+189
(2010) 224,, (Ii) 100 112+ 112’
(0012) 224,, (ii) 100 8+48+ 168’
(0021) 224,, (10) 100 35+ 189
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Table 36 (continued)

Dynkin Dimension Congruency 1/8 Branching into
label (name) class (index) SO?irreps

(4000) 294, (00) 210 294
(0004) 294, (00) 210 1+7+27+77+182
(0040) 294. (00) 210 294
(0200) 300 (00) 150 27+105+168
(10114 350 (00) 150 21+35+105+189
(2100) 567, (00) 324 189+378
(0102) 567, (00) 324 7+21+ 27+77 + 105+330
(0120) 567, (00) 324 189+378
(3001) 672,, (11) 444 112+560
(3010) 672,. (10) 444 294+378
(1003) 672,, (11) 444 8+48+168+444
(1030) 672,. (10) 444 294+ 378
(0013) 672,, (01) 444 8+48+168’+448
(0031) 672,, (01) 444 112’+ 560
(5000) 672, (01) 660 672
(0005) 672, (10) 660 1 + 7 + 27 + 77+ 182 + 378’
(0050) 672, (11) 660 672
(0111) 840, (01) 465 48+112+168’+512
(1110) 840, (10) 465 105+168+189+378
(1101) 840, (11) 465 48+112+168+512
(0022) 840~ (00) 540 35 + 189 + 616
(2020) 840~ (00) 540 168 + 294+378
(2002) 840~ (00) 540 35+189+616
(2011) 1296, (01) 810 112+112+512+560
(1012) 1296. (10) 810 21 + 35 + 105 + 189+ 330+616
(1021) 1296, (11) 810 112+112+512+560

Table 37
SOg tensor products

8, x 8, = 1,+28. + (35,), (i = v, s, or c)
8 x 8~=

8k + 56k (i, j, k cyclic)
28 x 8 = 8 + 56, + 160,

28 x 28 = 1,+ 28.+ (35,),+ (35,),+ (35,),+ 300,+ 350,
35 x 8 = 8, + 112, + 160,
35,x8,=56

1+224,, (i~j)
35, x 28 = 28 + 35, + 350+ 567k

35, x35, = 1,+28,+(35,),+(294,),+300,+(567,),
35, X 35, =

35k + 350+ 840k (i, j, k cyclic)

56,X8,=28+35
1+355+350(i�j~”k� I)

56,X8,8k ~

56k~l6Ok~224/k

56, x 28 = 8, + 56,~+ 56,2+ 160,+ 224,,+ 224k, + 840,
56,x35,= 561+l601+224fl+22451+ 1296, (i~j�k� i)
56,x35,=8,+56,+160,+224~,+672~,,+840,(i�j~ k� i)
56, x 56, = 1,+28,,+28,2+(35,),+(35j,+(35,),+300,+350,+350,+(567j),+(S67k)~+(S4O),(i�j� k� i)
56, X = 8k + 56k,+ 56k2~112k + I60~+ 160k2 + 22~+ 224jk + 840k + 1296k (i,j, k cyclic)

(28~),= 28,+ 282 + 283 + 350+ 567,+ 567,+ 567,+ 1925
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Table 38
SO

9 irreps of dimension less than 5100

Dynkin Dimension 1/2 SO8 SU2 X SU4
label (name) (index) singlets singlets

(1000) 9 1 1 0
(0001) 16 2 0 0
(0100) 36 7 0 0
(2000) 44 11 1 1
(0(110) 84 21 0 1
(0002) 126 35 0 0
(1001) 128 32 0 0
(3000) 156 65 1 0
(1100) 231 77 0 0
(0101) 432 150 0 0
(4000) 450 275 1 1
(0200) 495 220 0 1
(2001) 576 232 0 0
(1010) 594 231 0 0
(0003) 672 308 0 0
(0011) 768 320 0 0
(2100) 910 455 0 0
(1002) 924 385 0 0
(5000) 1122 935 1 0
(0110) 1650 825 0 0
(3001) 1920 1120 0 0
(0020) 1980 1155 0 1
(2010) 2457 1365 0 1
(6000) 2508 2717 1 1
(1101) 2560 1280 0 0
(1200) 2574 1573 0 0
(0102) 2772 1463 0 0
(0004) 2772’ 1848 0 0
(3100) 2772” 1925 0 0
(2002) 3900 2275 0 0
(0300) 4004 3003 0 0
(0012) 4158 2541 0 0
(1003) 4608 2816 0 0
(0201) 4928 3080 0 0
(1011) 5040 2870 0 0
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Table41
SO,

0 irreps of dimension less tan 12000

Dynkin Dimension Congruency 1/2 SU5 SU2 x SU2 x SU4 SO9 SU2 x SO7
label (name) class (index) singlets singlets singlets singlets

(10000) 10 2 1 0 0 1 0
(00001) 16 1 2 1 0 0 0
(01000) 45 0 8 1” 0 0 0
(20000) 54 0 12 0 1 1 1
(00100) 120 2 28 0 0 0 1
(00002) 126 2 35 1 0 0 0
(10010) 144 1 34 0 0 0 0
(00011) 210 0 56 1 1 0 0
(30000) 210 2 77 0 0 1 0
(11000) 320 2 96 0 0 0 0
(01001) 560 1 182 1 0 0 0
(40000) 660 0 352 0 1 1 1
(00030) 672 1 308 1 0 0 0
(20001) 720 1 266 0 0 0 0
(02000) 770 0 308 1’ 1 0 1
(10100) 945 0 336 0 0 0 0
(10002) 1050 0 420 0 0 0 0
(00110) 1200 1 470 0 0 0 0
(21000) 1386 0 616 0 0 (1 0
(00012) 1440 1 628 1 0 0 0
(10011) 1728 2 672 0 0 0 0
(50000) 1782 2 1287 0 0 1 0
(30010) 2640 1 1386 0 0 0 0
(00004) 2772 0 1848 1 0 0 0
(01100) 2970 2 1353 0 0 0 0
(01002) 3696 2 1848 1 0 0 0
(11010) 3696’ 1 1694 0 0 0 0
(00200) 4125 0 2200 0 1 0 1
(60000) 4290 0 4004 0 1 1 1
(20100) 4312 2 2156 0 0 0 1
(12000) 4410 2 2401 0 0 0 0
(31000) 4608 2 2816 0 0 0 0
(20002) 4950 2 2695 0 0 0 0
(10003) 5280 1 3124
(01011) 5940 0 2904
(00102) 6930 0 4004
(00013) 6930’ 2 4389
(03000) 7644 0 5096
(40001) 7920 1 5566
(02001) 8064 1 4592
(20011) 8085 0 4312
(10101) 8800 1 4620
(00022) 8910 0 5544
(70000) 9438 2 11011
(00005) 9504 1 8580
(00111) 10560 2 5984
(10021) 11088 1 6314
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Table 42
SOio tensor products

lOx 10= 1,+45,+54,
16x 10=16+144
16x 16= 105+ 120,+ 126,

16x16= 1+45+ 210
45x 10= 10+ 120+ 320
45x 16=16+144+560
45x45= 1,+45,+54,+210,+770,+945,
54x 10= 10+210’+320
54x 16= 144+ 720
Mx 45 = 45 + 54+ 945 + 1386
54x 54 = 1, + 45, + 54, + 660, + 770,+ 1386,

120x 10=45+210+945
120x16= 16+144+560+1200
120x45= 10+120+126+126+320+ 1728+ 2970
120x54= 120+320+1728+4312

120x 120=1,+45,+ 54,+ 210,+210,+770,+945,+1050,+ 1050,+4125,+5940,
126x 10=210+1050
126x16=144+672+1200
126x16= 16+560+1440
126x45= 120+126+1728+3696
126x54=126+ 1728+4950

126x 120=45+210+945+1050+5940+6930
126 x 126 = 54, + 945, + 1050,+ 2772, +4125, + 6930,
126x 126=1+45+210+770+5940+8910

144x 10=16+144+560+720

144x 16=45+54+210+945+1050
144x16= 10+120+126+320+ 1728
144x45= 16+144,+1442+560+720+1200+3696’
144x54= 16+144+560+720+2640+3696’

144x120= 16+144,+1442+560,+5602+720+1200+1440+3696’+8800
144x 126=144+560+720+1200+1440+5280+8800
144x126=16+144+560+1200+1440+3696’+11088
144 x 144 = 10, + 120,~ + 120,2 + 126,+ i~,+ 210~+ 320,+ 320,+ 1728, + 1728,+ 2970,+ 3696, +4312, + 4950,

144x 144=14-451+452+54+210, +2102+770+9451+9452+1050+1050+1386+5940+8085
210x 10=120+126+126+1728
210x 16=16+144+560+1200+ 1440
210x45=45+210

1+210 2+945+ 1050+1050+5940
210 x 54 = 210 + 945+ 1050 + 1050+ 8085

210x120=10+120 1+120 2+126+126+320+1728 1+17282+2970+3696+3696+10560
210x 126= 10+ 120+ l26+320+l728+2970+3696+6930’+ 10560
210x 144=16+ 144,+1442+560,4-5602+672+720+ 1200,+ 12002+1440+3696’+8800+ 11088
210x210= 1,+45,+45,+54,+210,+210,+770,+945,l+945,2+1050,4 1050,+4125,+5940,+5940,+6930,+6930,+8910,
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Table 43

Branchingrules for SO,
0

SO,03SU5xU1

(10000)= 10 = 5(2) +

(00001)= 16= 1(—5)+5(3)+ lO(—1)
(01000)= 45 = 1(0) + 10(4)+ 10(—4)+ 24(0)
(20000)=54=15(4)+15(—4)-4-24(O) — —

(00100)= 120 = 5(2)+ 5(—2) + 10(—6)+ 10(6)+ 45(2) + 45(—2)
(00002)=126= l(—10)+ 5(—2)+ 10(—6)+15(6)+45(2)+5~(—2)
(10010)= 144 = 5(3) + 5(7)4- 1O(—1) + 15(—l) + 24(—5)+40(— 1) + 45(3)
(00011)= 210 = 1(0)+ 5(—8) + 5(8) + 10(4) + l0(—4) + 24(0)+ 40(—4)+ 40(4) + 75(0)
(30000) = 210’ = 35(—6) + 35(6)+ 70(2) + 70(—2)
(11000)= 320 = 5(2)+ 5(—2) + 40(—6)+ 40(6)4-45(2)+ 45(—2)+ 70(2) + 70(—2)
(01001) = 560 = 1(—5) + 5(3)+ l0(—9) + lO(—l), + 10(—1)2 + 24(—5)+40(—1)+ 45(7) + 45(3)+ 50(3) +70(3)+ 75(—5) + 175(—1)

SO,8 3 SU2 x.SU 2 x SU4
10=(2,2, l)+(l, 1,6)
16= (2, 1,4)+(1,2,4)
45= (3,1, 1)+(1,3, l)+(1,1, 15)+(2,2,6)
54=(1, 1, 1)+(3,3, l)+(1, 1,20’)+(2,2,6)

120=(2,2,1)+(l,1,10)+(1,l,i~)+(3,l,6)+(1,3,6)+(2,2,15)
126 =(1,1,6)+(3,1,1O)+(1,3,10)+(2,2,15)

144
2l0=(1,1,1)+(1,1,15)+(2,2,6)+(3,1,15)+(1,3,15)+(2,2,1o)+(2,2j~)

210’=(2,21)+(l,l,6)+(4,4,l)+(3,3,6)+(2,2,20’)+(1,1,50)
320=(2,2,1)+(1,l,6)+(4,2,l)+(2,4,1)+(3,1,6)+(1,3,6)+(2,2,15)+(3,3,6)+(11M)+(2220’)
~

SO1o3 SO9
10=1+9
16=16
45 = 9 + 36
54=1+9+44

120 = 36 + 84
126= 126
144=16+128
210 = 84+ 126
210’= 1+9+44+ 156
320 = 9+ 36 + 44+ 231
560=128+432

SO,0DSU2x SO7
10= (3,1)+(1,7)
16= (2,8)
45= (3, 1)+(1,21)+(3,7)
54= (1, 1)+(5, 1)+(3,7)+(1,27)

120= (1, 1)+(3,7)+(1,35)+(3,21)
126 = (1,21)4- (3, 35)
144= (2,8)+(4,8)+(2,48)
210 = (1,7)+ (1,35)+ (3,21)4- (3,35)

210’= (3, 1)+(7, 1)+(1,7)+(5,7)+(3,27) +(l,77)
320 =(3,l)+(5,1)+(1,7)+(3,7)+(5,7)+(3,2l)+(3,27)+(1,105)
560 = (2,8) + (4,8)+ (2,48) + (4, 48)-+ (2, 112)



R. Slansky, Group theory for unified model building 107

Table 44

F
4 irreps of dimension less than 100000

Dynkin Dimension 1/6 SO9 5113 x SU3
label (name) (index) singlets singlets

(0001) 26 1 1 0
(1000) 52 3 0 0

(0010) 273 21 0 1
(0002) 324 27 1 1
(1001) 1053 108 0 0
(2000) 1053’ 135 0 1
(0100) 1274 147 0 1
(0003) 2652 357 1 1
(0011) 4096 512 0 0
(1010) 8424 1242 0 1
(1002) 10829 1666 0 1
(3000) 12376 2618
(0004) 16302 3135 1 1
(2001) 17901 3213
(0101) 19278 3213 0 1
(0020) 19448 3366 0 2
(1100) 29172 5610
(0012) 34749 6237 0 1
(1003) 76076 16093
(0005) 81081 20790

Table 45
F, tensor products

26 x 26 = 1, + 26, + 52, + 273, + 324,
52 x 26 = 26 + 273 + 1053
52 x 52 = 1, + 52,+ 324,+ 1053~+ 1274.

273x26= 26+52+273+324+1053+1274+4096
273 x 52 = 26+ 273+ 324 + 1053 +4096+ 8424

273 X 273 = 1, + 26, + 52, + 273,, + 273,2 + 324,, + 324,2 + 1053, + 1053, + l053~+ 1274, + 2652, + 4096,+ 4096,+ 8424,+ 10829, + 19278a + 19448,
324x26= 26+273+324+1053+2652+4096
324x52=52+273+324+ 1274+4096+ 10829

324x 273=26+52+2731+2732+324+ 1053, + 10532+1274+2652+40961+40962+8424+10829+19278+ 34749
324 x 324 = 1, + 26, + 52,+ 273, + 324,, + 324,2+ 1053, + l053~ + 1274, + 2652 + 4096,+ 4096,+ 8424,+ 10829, + 16302,+ 19448, + 34749,

Table 46
Branchings of F4 representations

F4 iSO9
(000l)=26=1+9+ 16
(1000)= 52 = 16 +36
(0010)= 273 = 9 + 16 + 36+ 84 + 128
(0002)=324=1+9+ 16+44+126+ 128
(lOOl)= 1053=16+36+84+126+128+231+432
(2000)=1053’= 126+432+495
(OlO0)= 1274=36+84+128+432+594

F4 3 5U3 x 5U3

26=(8, l)+(3,3)+(~)
52=(8, l)+(l,8)+(6,~)+(6,3)

273=(1, 1)+(8,l)+(3,3)+(3,3)+(lO,1)+(1O,1)+(6,3)+(6,3)+(3,~)+(3,6)+(l5,3)+(15j)+(8,8)
324=(1, l)+(8, 1)+ (1,8)4- (3,3)+(~j)+(6j)+ (~,3)+ (27, 1)+ (6,6)4- (~,~)+(l5,3)+(15,~)+(8,8)
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Table 47
E,, irreps of dimension less than 100000

Dynkin Dimension 1/6 F
4 SO,o SU2 x SU6 SU3 x SU3 x SU3

label (name) (index) Triality singlets singlets singlets singlets

(100000) 27 1 1 1 1 0 0
(000001) 78 4 0 0 1’ 0 0
(000100) 351 25 1 0 0 0 0
(000020) 351’ 28 1 1 1 0 0
(100010) 650 50 0 1 1’ 1 2
(100001) 1728 160 1 0 1 0 0
(000002) 2430 270 0 0 1’ 1
(001000) 2925 300 0 0 0 0 1
(300000) 3003 385 0 1 1 0 1
(000110) 5824 672 0 0 0 0 0
(010010) 7371 840 1 0 0 0 0
(200010) 7722 946 1 1 1 0 0
(000101) 17550 2300 1 0 0 0 0
(000021) 19305 2695 1 0 1 0 0
(400000) 19305’ 3520 1 1 1 0 0
(020000) 34398 5390 1 0 0 0 0
(100011) 34749 4752 0 0 1’ 0
(000003) 43758 7854 0
(100002) 46332 7260 1
(101000) 51975 7700 1 0 0 0 0
(210000) 54054 8932 1 0 0 0 0
(100030) 61425 10675 1
(010100) 70070 10780 0 0 0 1
(010020) 78975 12825 0 0 0 0 0
(200020) 85293 14580 0 1 1” 1 2
(100110) 112320 18080 1

‘5O~,,x U, singlet.
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Table 52
Irreps, products and branching rules for E

7

Dynkin Dimension 1/12 Branching into E,, irreps
label (name) index U, factorssuppressed

(0000010) 56 1 1±1+27+27
(1000000) 133 3 1 + 27+27+78
(0000001) 912 30 27+27+78+78+351+351
(0000020) 1463 55 1+1+1+27+27+27+27+351’+351’+650
(0000100) 1539 54 1+27+27+27+27+78+351+351+650
(1000010) 6480 270 Branchingrules to other
(2000000) 7371 351 regular subgroupsbelow.
(0100000) 8645 390
(0000030) 24320 1440
(0001000) 27664 1430
(0000011) 40755 2145
(0000110) 51072 2832
(1000001) 86184 4995

56 x 56 = 1, + 133, + 1463,±1539,

133x56=56+912+6480
133x 133 = 1, + 133,+ 1539~+ 7371,+ 8645,
912x56= 133+1539+8645+40755

912x 133=56+912+6480+27664+86184
912x 912=l,+ 133,+1463,4-1539,±7371,+8645,±40755,+l52152,+253935,+365750,
1463x56=56+6480+24320+51072

1463x 133=1463+1539+40755+150822
1463x912=912+6480+27664+51072+362880+885248

1463x 1463=1,4-133,4-1463,4-1539,+7371~+150822,4-152152,-f-293930,+617253,±915705,
1539x56= 56+912+6480+27664+51072

1539x 133=133+1463+1539+8645+40755+152152
1539x912= 56+912+6480,+64802+27664+51072+86184+362880+861840

E7 3 SU8
(0000010)= 56=28+28
(l000000)=133=63+70

(0000001)=912=36+36+420+420
(0000020)=1463=1+704-336+336+720
(0000100=1539=63+378+378+720

E7DSU2x SO,2
56= (2, l2)+(1,32)

133= (3, 1)+(2,32’)+(1,66)
912 = (2, 12)+ (3,32)+ (1,352)+ (2,220)

1463= (1,66)+(3,77)+(1, 462)4-(2,352’)
1539=(1, 1)+(2,32’)+ (1,77)4-(3,66)+(1,495)+ (2,352’)

E7JSU3xSU6
56= (3,6)+(3,6)+ (1,20)

133 = (8, 1)+ (1,35)+(3,l5)+ (3,15)
912=(3,6)+(3,6)+(6,6)+(6,6)+(1,70)+(1,70)-4-(8,20)+(3,84)+(3.84)

1463 =(1,1)+(1,35)+(3,15)+(3,l5)+(6,21)+(6,21)+(1,175)+(8,35)+(3,105)+(3,105)
1539=(1,1)+(8,l)+(1,35)+(3,15)+(3,l5)+(3,21)+(3.21)+(6,15)+(6.15)+(1.l89)+(3,l05)+(3,105)+(8.35)
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Table 53
Irreps, products andbranching rulesfor E

8

Dynkin label Dimension (name) 1/60 (index)

(00000010) 248 1
(10000000) 3875 25
(00000020) 27000 225
(00000100) 30380 245

- (00000001) 147250 1425
(10000010) 779247 8379
(00000030) 1763125 22750
(00100000) 2450240 29640

(00000110) 4096000 51200
(20000000) 4881384 65610
(01000000) 6696000 88200
(00000011) 26411008 372736

248 x 248 = 1,+ 248,+ 3875,±27000,+ 30380,
3875x 248 = 248+ 3875 + 30380+ 147250+ 779247

3875x 3875 = 1, + 248, + 3875,+ 27000,+ 30380, + 147250,+ 779247,+ 2450240,+ 4881384~±6696000,

Branching rules to regular maximal subgroups;SO16 and SU9 Dynkin labels given.

E83SO,6
248 = (01000000)120+ (00000001)128

3875= (20000000)135+ (00010000)1820+ (10000010)1920

E,3 SU9
248 = (10000001)80+(00100000)84+ (00000100)84

3875 = (10000001)80+ (11000000)240+ (00000011)240+ (00010001)1050+ (10001000)1050+(01000010)1215

E5 3 SU2 xE~,
248=(3, 1)+(1,133)+(2,56)

3875=(1, 1)+(2,56)-l-(3,133)+(1,1539)+(2,912)

E8 3 SU3x E4
248 = (8, l)+ (1,78)+ (3,27)4-(3,27)

3875=(1, l)+(8, 1)+(3,27)+(3,27)+(6,27)+(6,27)+(8,78)+(l,65O)+(3,351)±(~,~T)

E8JSU5xSU5 —

248=(l,24)+(24,1)-f (5,10)+(5,10)+(10,5)+(10,5)
3875 = (1,1)4-(1,24)+ (24,1)+ (5,10)4-(5,10)4- (10,5)+ (10,5)4-(1,75)+ (75, 1) + (5, 15)+ (5,15)+(15,5) + (15,5) + (5,40)+ (5,40)+ (40,5)+ (40,5)

+ (10,45)+ (10, 45)+ (45, 10)+ (45, 10) + (24,24)
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Table 54
Irreps,products andbranching rulesfor SU,

Dynkin (name) Dimension (name) Octality I (index) Branchinginto SO
8 irreps

(1000000) 8 1 1
(0100000) 28 2 6 28
(2000000) 36 2 10 1+35,
(0010000) 56 3 15 56,
(1000001) 63 0 16 28+35,
(0001000) 70 4 20 35, + 35,
(3000000) 120 3 55 8,4-112,
(1100000) 168 3 61 8,4-160.
(0100001) 216 1 75 56. + 160,
(2000001) 280 1 115 8,+ 112,4-160,
(4000000) 330 4 220 1 + 35, + 294.
(0200000) 336 4 160 1 + 35,4- 300
(1010000) 378 4 156 28+350
(0010001) 420 2 170 35, + 35,+ 350
(0001001) 504 3 215 56.+ 224,,+ 224,.
(2100000) 630 4 340 28 + 35, + 567w
(0100010) 720 0 320 35, + 35, + 300+ 350
(0000005) 792 3 715 8,+112,±672
(3000001) 924 2 550 28+ 35,+294.4-567.
(2000010) 945 0 480 28 + 350 + 567w
(0000110) 1008 3 526 8,+ 160~+840.
(0000200) 1176 2 700 1 + 35, + 300+ 840:,

(Note that the projection of 8 to 8, is a convention andmay be changedto 8 to 8. or8 to 8,.)

8 x 8 = 28,+ 36,
8 x 8 = 1 + 63

28 x 8 = 56 + 168
28x 8=8+216

28 x 28 = 70, + 336,+ 378.
28x28=1+63+720
36x8= 120+ 168
36 x 8 = 8 + 280

36 x 28 = 378+ 630
36 x 28 = 63 + 945
36 x 36 = 330,+ 336,+ 630,
36x36=1+63+1232
56 x 8 = 70 + 278
56 x 8 = 28+ 420

56 x 28=56+ 504+ 1008
56 x 28 = 8+216+1344
56x36=504+1512’
56x36=216+1800
56x56=28.+420,+1176,+1512, -

56x56= 1+63+720+2352
63 x 8 = 8+216+ 280

63x28=284-36±420±1280
63 x 36= 28 + 36+ 924+ 1280
63x56=56+163+504+2800 —

63 x 63= 1,+ 63, + 63,+ 720,+ 945, + 945,4-1232,

Branchingrules to SU3 1< SU5 x U, irreps; U, generatorin parentheses:
(1000000)=8= (3,1X—5)+(1,5X3)
(0100000)= 28 = (3, 1X—lO)+ (1, 10X6)+ (3, 5X—2)
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Table 54 (continued)

(2000000)= 36= (6,1)(— 10)+(1, l5X6) +(3, 5)(—2)
(0010000)= 56 = (1,1)(— 15)±(1, 10X9) + (3, 5)(—7)+ (3, 10)(1)
(1000001)= 63 = (1,1)(0)+ (8, 1)(0)+ (3,5X—8)+ (3,5)(8)+ (1,24)(0)
(0001000)= 70 = (1, 5)(—12)+ (1, ~X12)+(3, 10)(4)+ (i, lOX—4)
(3000000)= 120 = (10, 1X— 15)+ (6, 5)(—7)±(3, 15)(1)+ (1, )(9)
(1100000)= 168 = (8, 1)(— 15)+ (3,5X—7) + (6, 5X—7)+ (3, 1OX1)±(1,40X9)-4- (3, 15X1)
(0100001)= 216 = (3, 1X—5) + (1, 5X3)+ (6, 1X—5)+ (3, 5)(—13) + (3, 10)(11) + (8,5X3)+ (1,45)(3) + (3,24X—5)
(2000001)= 280 = (3, l)(—5) +(1, 5X3)+(15, 1)(—5)+ (6,5)(—13)+ (8,5)(3)+ (3,24X—5)+ (3, 15)(11) +(1. 70)(3)
(4000000)= 330 = (15’, 1)(—20)+ (10, 5)(—12)+ (1, 70’X12) + (6, 15X—4) + (3,35)(4)
(0200000)= 336 = (6, 1)(—20)+ (3, 1OX—4) + (8,5)(— 12)+ (1,50X12)+ (3, 40X4)+ (6, 15X—4)
(lOl0000)= 378 = (3, 1)(—20)+(1,5X—12)+ (3, 10X4)+(3, 10)(—4)+(8,5)(—12)+ (1,45X12)+(3, 15X—4)±(6, 10)(—4)+(3,40X4)
~0010001)=420 = (3, 1)(—10)+(1,5X—18)+ (1, 10X6)+ (3,5X—2)+(6, 5)(—2)+(3, 10)(14)-f-(1, 40)~6)+(3,24)(—10)+(8, lO)(6)+ (3, 45)(—2)
@001001)=504 = (1, 10X9)4-~3,5X—7)4- (3, 5X17)+ (1, 15X9)+(1, 24)(—15)+(3, 1OX1)+ (6, IOX1)+ (8, 10)(9)+~3,40)(1) + (3,45)(—7)

Table 55
Irreps, products and branching rulesfor SO,

4

IrrepsandSO,4 3SU2 X SU2>( SO,0 branching rules:
(1000000)=14= (2,2,1)+(1,1,10)
(0100000)=91=(3,1, 1)+(1,3,1)+(1,1, 45)+(2,2, 10)
(0010000)=364=(2,2,1)+(3,1,lO)+(1,3,10)+(l,1.120)+(2,2,45)
(0001000)=1001=(1,1,1)+(2,2,10)+(3,1,45)+(1,3,45)±(1,1,210)+(2,2,120)
(0000100)=2002=(1,1,10)±(1,l,126)+(1,1,126)+(2,2,45)+(3,l,120)+(1,3,l20)±(2,2,210)
(0000011)=3003=(1,1,45)+(1,1,120)+(2,2,120)+(3,1,210)+(1,3,210)+(2,2,126)+(2.2,l26)
(0000002)= 1716 = (1,1,120)+ (3, 1, 126)4-(1,3,126)+(2,2,210)
(0000001)=64=(2,1, 16)4-(1,2, 16)

Productsof spinors:
64 x 64 = 14, + 364,+ 1716, + 2002,
64x64=1+91+1001+3003

Table 56
Irreps,productsandbranchingrules for SO,8

Irrepsand SO19JO8 SO,0 branching rules:
(100000000)= 18 = (8,,1) + (1, 10)
(010000000)= 153 = (28, 1)+ (1, 45)+ (8,,10)
(010000000)= 816 = (56,, 1)+ (1, 120)+(28,10)+ (8,, 45)
(000100000)= 3060= (35,, 1)+ (35,,1) + (1,210)+ (56,, 10)+ (28,45)+ (8,,120)
(000010000)= 8568= (56,, 1) + (1,126)+ (1, 126)+ (35,, 10) + (35,, 10) + (56,,45) + (28, 120)+ (8,,210)
(000001000)= 18564= (28,1) + (1,210)+ (56,, 10)+ (8,, 126)+ (8,, 126)+ (35,, 45) + (35,,45)+ (28,210)+ (56,, 120)
(000000100)= 31824 = (8,, 1) + (1, 120)+ (28, 10)+ (8,,210)+ (28, 126)+ (28,i~)+ (56,,45) + (56,,210)+ (35,, 120) + (35,, 120)
(000000011)= 43758= (1, 1)+ (1,45)+ (8,, 10)+ (8,, 120)+(28,45)+ (28,210)+ (56,, 120)+ (56,, 126)+ (56,,, 126)+ (35,,210)+ (35,, 210)
(000000002)= 24310 = (1, 10)+ (8,,45)+ (28, 120)+ (56,,,210)±(35,, 126)+ (35,, 126)
(000000001)=256=(8,,16)+(8,,16)

Products of spinors:
256)(256 = 18, + 816, + 8568,+ 31824,+ 24310,
256x256=1+153+3060+18564+43758
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Table 57
Irreps, products and branching rules for SO

22

Irrepsand SO223 SO,2 x SO,0 branching rules:
(10000000000)= 22 = (1, 10)+ (12, 1)
(01000000000)=231 = (1,45)+(66,1)+(12,10)
(00100000000)= 1540= (1, 210)+ (220,1) + (66, 10)+ (12,45)
(00010000000)= 7315= (1,210) +(495, 1) + (12, 120) + (220,10) + (66,45)
(00001000000)= 26334= (1, 126)+ (1, 126)+ (792, 1) + (12,210)+ (495,10)+ (66, 120)+ (220,45)
(00000100000)= 74613= (1,210) + (462, 1)+ (462’, 1) + (12, 126)+ (12, 126)+ (792,10) + (66,210)±(495,45)+ (220,120)
(00000010000)= 170544= (1, 120)+ (792,1) + (12,210)+ (462,10)+(462’, 10)+ (66, 126)+ (66, 126)+(792,45)+ (220,210) + (495, 120)
(00000001000)= 319770= (1,45)+ (495, 1)+ (12, 120)+ (792, 10)+ (66,210)+ (462,45)+ (462’, 45)+ (220,126)+ (220,126)+ (792,120)+ (495,210)
(00000000100)= 497420= (1, 10)+ (220, 1)+ (12,45)+ (495,10)±(66, 120)+ (792,45)+ (220,210)+ (462,120)+ (462’, 120)+ (495,126)+ (495,126)

+ (792,210)
(00000000011)= 646646= (1, 1)+ (12, 10)±(66, 1) + (66,45)+ (220, 10)+ (220,120)+ (495,45)+ (495,210)+ (792,120)+ (792,126)+ (792,126)

+ (462,210)±(462,210)
(00000000002)= 352716= (12, 1) + (66, 10)+ (220,45) + (495,120)+ (792,210)+ (462,126)+ (462’, 126)
(00000000001)=1024= (32, 16)+(32’,16)

Productsof spinors:
1024x 1024= 22,+ 1540,+ 26334,+ 170544,+ 352716,+497420,
1024x1024=1+231+7315±74613+319770+646646

Table 58
Branching rules to all maximal subgroups

This table is designedto facilitate analysessuch as the search for maximal little groups, and also it representsa summary of the group theory
aspectsof the review,The branching rulesof a few low-lying irreps to the irreps of every maximal subgroupare listed for simple groups up to rank 6.
Many results repeatthosein tables 14, 15, and the branching rule tables, but here there is no restriction to subgroupsthat can contain flavor and
color, When this table or the precedingonesare insufficient, the readershouldrefer to the much longer tablesof ref. [571,although in many practical
casesa quick calculation basedon the results of this table will fill in the missing information, The format is to giveboth the Dynkin designation and
the dimensionality (name) as (Dynkin)r, except when the subgroup is SU2, SU2x SU2, or more products of SU2’s, in which case only the
dimensionality is listed, The eigenvaluesof theU, generator,when relevant,are given in parenthesesafter the irrep names, and are normalized to be
integers.

Rank 2: SU3 3 SU2 X U, (R)
(10)3= l(—2)+2(1)
(20)6= 1(—4)+2(—1)+3(2)
(11)8= l(0)+2(3)+2(—3)+3(0)

SU3 3 SU2 (5)
(10)3=3
(20)6 = 1 + 5
(11)8=3+5

Sp43SU2XSU2(R)
(10)4=(2,l)±(1,2)
(01)5=(1, 1)±(2,2)

(20)10=(3,1)±(l,3)±(2,2)

Sp4JSU2XU, (R)
(10)4=2(1)+2(—1)
(01)5=1(2)4-l(—2)±3(0)

(20)10=1(0)4-3(0)4-3(2)+3(—2)
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Table 58 (continued)

Sp
43 SU2 (S)

(10)4=4
(01)5 = 5

(20)10= 3+7

023SU3 (R)
(01)7=(00)1+(10)3+(01)~

(10)14= (10)3 + (01)~+ (11)8

023SU2 x SU2 (R)
(01)7=(1,3)+(2,2)

(10)14=(l,3)+(3, 1)+(2,4)

023SU2 (S)
(01)7 = 7

(10)14=3+11

Rank3: SU43SU3xU, (R)
(100)4= (00)1(3)+ (10)3(—1)
(010)6= (10)3(2)+ (01)~(—2)

(101)15= (00)1(0)+ (10)3(—4)+ (01)~(4)+ (11)8(0)

SU43SU2xSU2xU, (R)
(100)4=(2, 1X1)+(1,2)(—1)
(010)6= (1, 1X2) + (1, 1)(—2) + (2,2)(0)

(101)15= (1, 1X0)±(3, 1XO) + (1,3X0)+ (2,2)(2)+ (2,2X—2)

SU4 3 Sp4(S)
(100)4= (10)4
(010)6= (00)1 + (01)5

(101)15= (01)5+ (20)10

SU4JSU2xSU2 (5)
(100)4= (2,2)
(010)6= (1,3)+ (3,1)

(101)15= (1,3)+ (3, 1)+ (3,3)

SO2JSU4(R)
(100)7= (000)1 + (010)6
(001)8=(100)4+(001)~

(010)21= (010)6+(101)15

SO-,3SU2 x SU2 x SU2 (R)
(100)7=(1, 1, 3)+(2,2, 1)
(001)8=(1,2,2)+(2,1,2)

(010)21= (1, 1,3)-4-(1,3,1)-4-(3, 1, 1)+(2,2, 3)

SO7JSp4xU, (R)
(100)7= (00)1(2)4- (00)1(—2)+(01)5(0)
(001)8= (10)4(1)+ (10)4(—1)

(010)21= (00)1(0)+ (01)5(2)+ (01)5(—2) + (20)10(0)

SO7302 (S)
(100)7= (01)7
(001)8= (00)1+ (01)7

(010)21= (01)7 + (10)14
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Table 58 (continued)

Sp
63SU3xU, (R)

(100)6=(l0)3(1)+(01)~(—1)
(010)14= (lO)3(—2) + (01)~(2)+ (11)8(0)

(001)14’= (00)1(3)+ (00)l(—3)±(20)6(— 1)+ (02)~(l)
(200)21= (00)1(0)+ (20)6(2) + (02)~,(—2) + (11)8(0)

SP63SU2 x Sp4(R)
(100)6 = (1)(00X2, 1)+ (0)(lO)(1, 4)

(010)14= (OXOOX1, 1) + (OXOI)(1, 5)+ (1)(l0)(2, 4)
(001)14’ = (OX1OX1,4)+ (1XO1X2, 5)
(200)21= (2X0X3, 1)+ (0X20)(1, 10)4-(1)(10)(2,4)

Sp6DSU2 (S)
(100)6=6

(010)14=5+9
(00l)14’=4+10
(200)21 = 3+7+11

Sp6JSU2X SU2 (5)
(100)6= (2, 3)

(010)14= (1, 5)±(3,3)
(001)14’=(4, 1)-1-(2,5)
(200)21= (1,3)+(3, 1)+(3,5)

Rank 4: SU5JSU4xU, (R)
(1000)5= (000)1(4)±(100)4(—1)

(0 100)10= (100)4(3)+ (010)6(—2)
(1001)24= (000)1(0)+ (100)4(—5)±(001)4(5)+ (101)15(0)

SU53SU2xSU3xU1(R)
(1000)5= (1XOO)(2, l)(3) + (OXIOX1, 3)(—2)

(0100)10= (OXOO)(l, lX6) + (OXO1X1, ~X—4)+ (1)(10X2,3)(1)
(1001)24= (OXOO)(1, l)(0) ±(2)(00X3, 1XO)+ (l)(l0)(2, 3)(—5)±(1)(0l)(2,~)(5)+ (OX’ l)(I, 8)(0)

SU5 3 Sp4 (5)
(l000)5=(01)5

(0100)10= (20)10
(1001)24=(20)1O+(02)14

SO9 3 SO9(R)
(1000)9= (0000)1±(1000)8,,

(0001)16= (0010)8.+ (0001)8,
(0100)36= (1000)8.+ (0 100)28

SO9 3 SU2 x SU2 x Sp~(R)
(1000)9= (l)(1)(0O)(2,2, 1)+ (0)(0XO1X1, 1,5)

(0001)16= (OXI)(1O)(1,2,4)+(1)(0X10X2, 1,4)
(0100)36= (2X0)(O0)(3, 1, 1)+ (OX2XOOX1, 3, 1) + (OXOX2OXI, 1, 10)±(l)(1)(01)(2,2,5)

SO9JSU2xSU4 (R)

(1000)9 = (2)(000)(3, 1) +(OXO1O)(1, 6)
(0001)16= (1)(100)(2,4) + (1)(OOl)(2,4)
(0100)36= (2X000)(3,1) + (OXIOI)(1, 15)+ (2X010)(3, 6)
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Table 58 (continued)

SO
93SO7xU, (R)
(1000)9= (000)1(2)4-(000)1(—2)+ (100)7(0)

(0001)16= (001)8(1)-f(001)8(—1)
(0100)36= (000)1(0)+ (100)7(2)±(100)7(—2) + (010)21(0)

SO9JSU2(S)
(1000)9=9

(0001)16=54-11
(0100)36= 3+ 7+ 11+ 15

SO9JSU2xSU2 (5)
(1000)9= (3,3)

(0001)16=(2,4)+(4,2)
(0100)36=(1, 3)+ (3, l)+ (3,5)±(5,3)

Sp8JSU4XU, (R)
(1000)8= (100)4(1)+ (00l)4(—1)

(2000)36= (000)1(0)±(200)10(2)±(002)10(—2) + (101)15(0)
(0001)42= (000)1(4)+ (000)1(—4)+ (200)10(—2) + (002)10(2)+ (020)20’(O)

Sp8 3 SU2 x Sp6 (R)
(1000)8=(1)(000X2,1)+ (0)(100)(1,6)

(2000)36= (2X000X3,1)+ (0)(200X1,21)4- (1)(100)(2,6)
(0001)42= (OXO1O)(1, 14)+ (1)(001)(2,14’)

Sp8 3 Sp4X S~)4(R)
(1000)8=(OOX1OXI,4)±(10)(00)(4,1)

(2000)36= (00X20)(1,10)±(20)(00)(10,1)±(10)(10)(4,4)
(0001)42= (OOXOO)(1, 1)+ (10)(10)(4,4) + (01)(01X5,5)

Sp8 3 SU2 (5)
(1000)8=8

(2000)36=3+7+11+15
(0001)42=5+9+11+17

Sp~3 SU2 X SU2 X SU2 (S)
(1000)8= (2,2, 2)

(2000)36=(1,1,3)-4-(1,3,1)±(3,1, 1)+(3,3,3)
(0001)42=(1,1, 5)-i-(1,5,1)+(5, 1, 1)-1- (3,3, 3)

SO8JSU2xSU2xSU2xSU2(R)
(1000$,,=(2,2,1, 1)+(1,1,2,2)
(0001)8,=(1,2,1,2)-4-(2,1,2, 1)
(0010)8,= (1,2,2, 1)+ (2,1,1,2)
(0100)28=(1,1,1,3)+(1,1,3,1)-4-(1,3,1,1)4-(3,1,1,1)+(2,2,2,2)

SO83SU4xU, (R)

(1000)8.= (100)4(1)+ (001)4(—1)
(0001)8,= (000)1(2)+ (000)1(—2)+ (010)6(0)
(0010)8,= (100)4(—1) + (001)4(1)
(0100)28= (000)1(0)+ (010)6(2)+ (010)6(—2)+ (101)15(0)

S083SU3 (S)
(1000)8,,= (11)8
(0001)8,=(11)8
(0010)8,=(11)8
(0100)28= (11)8+ (30)10+ (03)10
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Table 58 (continued)

S0
83 SO7 (5)
(1000)8,= (001)8
(000 1)8, = (000)1 ±(100)7
(00 10)8, = (00 1)8
(0100)28= (100)7+ (010)21

S093SU2 X S~)~(5)
(1000)8.= (1XIO)(2, 4)
(0010)8,= (1)(10)(2, 4)
(0001)8,=(0)(01X1,5)+(2)(0O)(3,1)
(0100)28= (2)(00)(3, 1)+ (0)(20)(1,10)+ (2)(01)(3, 5)

F43SO9(R)
(0001)26= (0000)1+ (1000)9+ (0001)16
(1000)52 = (0001)16+(0100)36

F4JSU3xSU3(R)
(0001)26= (11)(00)(8,1) + (1OX1O)(3,3) + (01)(O1)(~,~)
(1000)52 = (11)(00)(8,1) + (00)(11)(1,8)+ (20X01)(6,~)+ (02)(10)(~,3)

E,3 SU2 x Sp~(R)
(0001)26=(1)(100)(2,6)+ (0)(010)(2,14)
(1000)52= (2)(000)(3,1) + (0)(200)(1,21)+ (1)(001)(2, 14’)

F4JSU2(S)
(0001)26=9+17
(1000)52=3+11-4-15±23

F4 3 SU2 x G2 (5)
(0001)26= (4)(00X5,1) + (2X01)(3,7)
(1000)52 = (2)(00X3,1) + (OX1OX1, 14)+ (4)(01)(5, 7)

RankS: SU6JSU5xU, (R)
(10000)6= (0000)1(—5)±(1000)5(1)

(00100)20= (0100)10(—3)+ (0010)10(3)
(10001)35= (0000)1(0)4-(1000)5(6)4-(0001)5(—6)+ (1001)24(0)

SU6JSU2xSU4xU,(R)
(10000)6= (1)(000X2,1)(2)+ (OX100X1,4)(— 1)

(00100)20= (OX100XI, 4)(3) + (OXOOIX1, 4)(—3)+ (1XO1OX2, 6)(0)
(10001)35= (OX000XI, 1XO) + (2X000X3, 1XO)+ (0)(1O1X1, 15X0)+ (1X100X2,4X—3) + (1XOO1X2,4X3)

SU6JSU3XSU3xU,(R)
(10000)6= (OOX1O)(1, 3X— 1)+ (10)(00)(3,1XI)

(00100)20= (OOXOOXI, 1X3) + (OOXOOX1, IX—3) + (10X01X3,~X—1) + (01X10X3,3X1)
(10001)35= (OOXOOX1, 1XO) + (OOX11X1, 8)(0)+ (11XOOX8, 1)6))+ (1OXOIX3, ~X2)+(01X1OX~X—2)

SU6JSU3 (5)
(10000)6=(20)6

(00100)20= (30)10 + (03)10
(10001)35 = (11)8+(22)27

SU63SU4 (5)
(10000)6= (010)6

(00100)20= (200)10+ (002)10
(10001)35= (101)15+ (020)20’
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Table 58 (continued)

SU6 3 Sp6 (S)
(10000)6 = (100)6

(00100)20= (100)6+(001)14’
(10001)35= (010)14+ (200)21

SU63SU2x SU3 (5)
(10000)6= (1X10X2, 3)

(00100)20= (3X00X4,1)+ (1X11X2,8)
(10001)35= (2X00X3,1) + (OX11X1,8)+ (2X11X3, 8)

SO,,3 SO,0 (R)
(10000)11= (00000)1+ (10000)10
(00001)32= (00001)16±(00010)16
(01000)55 = (10000)10+ (01000)45

SO,,JSU2xSO8(R)
(10000)11= (2X0000X3, 1) + (OX1000X1,8,)
(00001)32= (1X000IX2, 8,)+ (1XOO1O)(2,8.)
(01000)55= (2X0000X3, 1)+ (0)(O100X1,28)±(2X1000X3,8,)

SO,,3 Sp4 x SU4 (R)
(10000)11= (O1X000X5, 1)+ (OOXO1OX1,6)
(00001)32= (1OX100X4,4)±(10X001X4,4
(01000)55 = (2OX000X1O,1) + (OOX1O1X1, 15)+ (O1XO1OX5, 6)

S01,JSU2xSU2x S07(R)
(10000)11= (1X1X000X2, 2, 1)+ (OXOX100)(1,1,7)
(00001)32= (OX1XOO1)(1, 2,8)4-(1)(0)(001)(2, 1,8)
(01000)55= (2XOX000X3, 1, 1) + (0X2X000X1,3, 1) + (OXOXO1OX1, 1,21)+ (1X1X100X2, 2,7)

SO,,JSO9xU, (R)
(10000)11= (0000)1(2)+(0000)1(—2)+ (1000)9(0)
(00001)32= (0001)16(1)+(0001)16(—1)
(01000)55= (0000)1(0)+ (1000)9(2)+ (1000)9(—2) + (0100)36(0)

So,,3SU2 (S)
(10000)11=11
(00001)32=6+10+16
(01000)55=3+7+11+15±19

Spio 3 SU5 x U, (R)
(10000)10= (1000)5(1)+ (0001)~(—1)
(20000)55= (0000)1(0)+ (2000)15(2)+(0002)15(—2)+ (1001)24(0)

Spia3 SU2x Spg (R)
(10000)10= (1X0000X2, 1) + (OX1000X1,8)
(20000)55= (2X0000X3, 1) + (OX2000X1,36)+ (1)(1000x2,8)

Sp,oDSp4 x Sp6 (R)
(10000)10= (1OX000X4, 1) + (OOX100X1,6)
(20000)55= (2OX000X1O,1) + (OOX200X1,21)+ (10)(100X4,6)

Sp,,,3 SU2 (S)
(10000)10= 10
(20000)55=3+7+11+15±19
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Table 58 (continued)

Sp,o3 SU
2 X S~)4(5)

(10000)10= (IXO1X2, 5)
(20000)55= (2X00X3, 1) + (OX2OX1, 10)+ (2)(02)(3,14)

SO,0JSU5xU,(R) —

(10000)10= (1000)5(2)+ (0001)5(—2)
(00001)16= (0000)1(—5)+ (0001)~(3)+ (0100)10—1)
(01000)45 = (0000)1(0)+(0100)10(4)+ (0010)10(—4)+ (1001)24(0)

SO,~3 SU2 x SU2 x SU4 (R)
(10000)10= (1X1)(000)(2,2, 1)+ (OXOXO1OX1, 1,6)
(00001)16= (1)(OX100)(2,1,4)+ (OX1XOO1X1, 2,4)
(01000)45= (2)(0)(000X3,1, 1)+ (OX2X000X1, 3, 1) + (OXO)(101)(1,1, 15)+ (1)(1)(010X2,2,6)

SO,0JSO8xU, (R)
(10000)10=(0000)1(2)4-(0000)1(—2)4-(1000)8,(0)
(00001)16= (0010)8,(1)+ (0001)8,(—1)
(01000)45= (0000)1(0)-I- (1000)8,(2)+(1000)8,(—2)+(0100)28(0)

SO,,,DSp4 (5)
(10000)10= (20)10

(00001)16=(11)16

(01000)45= (20)10+ (21)35

SO,83 S09(S)
(10000)10= (0000)1+ (1000)9
(00001)16= (0001)16
(01000)45= (1000)9+(0100)36

SO,o3 SU2 x SO-, (S)
(10000)10= (2)(000X3,1) + (OX100)(1,7)
(00001)16= (1XOO1X2, 8)
(01000)45= (2X000X3, 1)+ (0)(010)(1,21)+ (2)(100X3, 7)

SO,o3 ~ X S~)4(5)
(10000)10= (OOXO1X1,5)±(01)(00X5, 1)
(00001)16= (1OX1OX4, 4)
(01000)45= (OOX2OXI, 10)+ (20)(OOX1O,1)+ (01)(01)(5,5)

Rank 6: SU7DSU6xU, (R)
(100000)7= (00000)1(6)+ (10000)6(—1)

(100001)48= (00000)1(0)+ (10001)35(0) + (10000)6(—7)+ (00001)~(7)

SU73SU2XSU5xU, (R)
(100000)7= (IX0000X2, 1X5)+ (OX1000X1,5)(—2)

(100001)48= (OX0000)1(0)+ (2X0000X3, 1XO)±(OX1001X1,24X0)+ (1)(1000X2,5X—7)+ (1X0001X2, 5X7)

SU7DSU3xSU4xU, (R)
(100000)7 = (1OX000)(3,1X4) ±(00)(100)(1,4)(—3)

(100001)48= (OOX000XI, IXO) + (11X000X8, 1)(0)+ (OOX1O1XI, 15X0)±(10X001X3, 4X7 + (01)(100X~,4)(—7)

SU7DSO7(S)
(100000)7= (100)7

(100001)48= (010)21+ (200)27
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Table 58 (continued)

SO
133 SO,2 (R)

(100000)13 = (000000)1+ (100000)12
(000001)64= (000001)32±(000010)32’
(010000)78= (100000)12±(010000)66

SO,33 SU2 x 5O,~(R)
(100000)13= (2X00000X3,1)±(OX10000X1, 10)
(000001)64= (1X00001X2,16)+ (1X0001OX2,16)
(010000)78= (2X00000)(3,1) + (0)(01000X1,45)+ (2X10000)(3,10)

SO,3JSp4xSO8(R)
(100000)13= (01X0000X5, 1) + (OOX1000X8,,,1)
(000001)64= (1OX0001)(4,8,) + (1OXOO1OX4,8,)
(010000)78= (2OX0000X1O,1)+ (OOXO100X1,28)±(01)(1000X5, 8.)

SO,33 SU4x S07(R)
(100000)13= (010X000X6,1) + (000X100X1,7)
(000001)64= (100X001X4,8)+ (OO1XOO1X4, 8)
(010000)78= (000XOIOX1, 21)+ (101X000)(15,1) +(O1OX100X6,7)

SO,3DSU2xSU2xSO9(R)
(100000)13= (1XIX0000X2, 2, 1)+ (OXOX1000X1, 1,9)
(000001)64= (OX1)(0001X1,2, 16)+ (1)(OX0001)(2, 1, 16)
(010000)78= (2)(OX0000X3, 1, 1)+ (OX2X0000X1,3, 1) + (OXOXO100)(1,1,36)+ (1)(1X1000)(2,2,9)

SO,33S0,,xU, (R)
(100000)13= (00000)1(2)+ (00000)1(—2) + (10000)11(0)
(000001)64= (00001)32(1)+(00001)32(—1)
(010000)78= (00000)1(0)±(10000)11(2)±(10000)11(—2)+ (01000)55(0)

SO,33SU2 (5)
(100000)13= 13
(000001)64=4+10+12+16+22
(010000)78=3+7+11+15+19+23

Sp,23 SU6 x U, (R)
(100000)12= (10000)6(1)+ (00001)~(—1)
(200000)78= (00000)1(0)4-(10001)35(0)4-(20000)21(2)4-(00002)21(—2)

Sp123 SU2 x Sp,o (R)
(100000)12=(1X00000)(2,1)+(OX10000X1,10)
(200000)78= (2X00000)(3,1) + (OX20000X1, 55) + (1)(10000X2,10)

Sp,2DSp4xSp8(R)
(100000)12= (1OX0000)(4,1) + (OOX1000X1,8)
(200000)78= (20X0000)(10,1)+ (OOX2000X1,36)+ (1OX1000X4,8)

SPI2D Sp6 X Sp6 (R)
(100000)12 = (100X000X6,1) + (000)(100)(1, 6)
(200000)78= (200X000)(21,1)±(000X200X1,21)+ (100)(100)(6,6)

Sp,23SU2 (5)
(100000)12= 12
(200000)78=3+7+11+15+19+23
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Table 58 (continued)

Sp,
23 SU2 x SU4 (S)

(100000)12= (1)(010)(2,6)
(200000)78= (2)(000X3,1) +(0)(1O1X1, 15) +(2)(020X3, 20’)

5P,23SU
2 X Sp~(5)(100000)12= (2)(10)(3,4)

(200000)78= (2)(00)(3, I) + (0)(20)(l, 10)+ (2X01)(3,5) + (4)(20)(5, 10)

SO,23SU6xU, (R)
(100000)12= (10000)6(1)+ (00001)~(—1)
(000001)32= (10000)6(—2) + (00001)~(2)+ (00100)20(0)

(000010)32’= (00000)1(3)+ (00000)1(—3)+ (01000)15(—1)±(00010)15(1)
(010000)66= (00000)1(0)+ (01000)15(2)+ (00010)15(—2)+ (10001)35(0)

SO,23SU2xSU2xSO8 (R)
(100000)12= (IX1X0000)(2,2, 1)+ (OXOX1000)(1, 1,8.)
(000001)32= (OX1X0001X1,2,8.)+ (1)(OXOO1OX2,1,8,)

(000010)32’= (OX1XOOIOX1,2, 8,)+ (1XOX0001)(2, 1,8.)
(010000)66= (2XOX0000)(3,1, 1) + (0X2X0000X1,3, 1) + (OXOXO100)(1,1,28)+ (1X1)(1000X2,2,8,)

SO,23SU4xSU4 (R)
(100000)12= (OIOX000)(6, 1)+ (000XO1O)(1,6)
(000001)32= (100X100X4,4)+ (OO1XOOIX4,4

(000010)32’= (100)(001X4,4) + (OO1X100X4,4)
(010000)66= (101)(000X15,1) + (000X1O1X1,15) + (O1OXO1OX6, 6)

SO,23SO,0xU, (R)
(100000)12= (00000)1(2)4-(00000)1(—2)4-(10000)10(0)
(000001)32= (00001)16(1)+ (00010)16(—1)
(000010)32’= (00001)16(—1)+ (00010)16(1)
(010000)66= (00000)1(0)+ (10000)10(2)+ (10000)10(—2)±(01000)45(0)

SO,23 SU2 x Sp6 (S)
(100000)12= (1)(100)(2,6)
(000001)32=(3X000X4,1)+(1XO1OX2, 14)
(000010)32’= (2)(100X3,6)4- (0)~)01X1,14’)
(010000)66= (2X000)(3,1)±~)X200X1,21)+ (2X010X3, 14)

SO123 SU2 x SU2 x SU2 (5)
(100000)12= (3,2,2)
(000001)32= (1,4,1) + (3,2,3) + (5,2,1)
(00001O)32’=(1,1,4)+(3,3,2)-4-(5,1,2)
(010000)66=(3,1,1)+(1,3,1)+(1,1,3)-l-(3,3,3)4-(5,3,1)-4-(5,1,3)

SO,23S0,, (S)
(100000)12= (00000)1+ (10000)11
(000001)32= (00001)32
(000010)32’= (00001)32
(010000)66 = (100000)11+ (01000)55

SO,23 SU2 x SO9 (5)
(100000)12= (2X0000X3,1)+ (0)(1000X1,9)
(000001)32= (1X0001X2,16)

(000010)32’= (1X0001X2, 16)
(010000)66= (2X0000X3, 1)+ (OXO100X1,36)+ (2X1000X3,9)
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Table 58 (continued)

SO,
23 Sp.,x SO-, (S)

(100000)12= (01)(000)(5,1) + (00)(100)(1,7)
(000001)32= (10)(001)(4,8)
(000010)32’= (1OXOO1X4,8)
(010000)66= (2OX000X1O,1) + (OOXO1OX1, 21)+ (O1X100)(5,7)

E6JSO,0xU, (R)
(100000)27= (00000)1(4)4-(10000)10(—2)+(00001)16(1)
(000001)78= (00000)1(0)+ (00001)16(—3)+ (00010)i~(3)+ (01000)45(0)

E6 3 SU2 x SU6 (R)
(100000)27=(1X00001X2,~)+(0X01000X1,15)
(000001)78= (2)(00000X3,1)+ (OX10001X1,35)+ (1)(00100X2,20)

E6 3 SU3 X SU3 X SU3 (R)
(100000)27= (01X10X00X~,3, 1) + (10X00)(10)(3,1,3)+ (OOXO1XO1X1, ~, 3)
(000001)78= (11XOOXOOX8, 1, 1)+ (OOX1I)(OOX1,8, 1)+ (00)(OOX11X1, 1,8)+ (1OX1OXO1)(3, 3, ~)+ (01X01)(10)(~,~ 3)

E,, 3 SU3 (5)
(100000)27= (22)27
(000001)78= (11)8 + (41)35 + (14)35

E4 302 (5)
(100000)27 = (02)27
(000001)78= (10)14+(11)64

E6JSp8(S)
(100000)27= (0 100)27
(000001)78= (2000)36+(0001)42

E6 iF4 (5)
(100000)27= (0000)1+ (0001)26
(000001)78= (0001)26+ (1000)52

E63 SU3 0~(S)
(100000)27= (02X00X~,1) + (1OXO1X3, 7)
(000001)78= (11X00X8, 1) + (OOX1OX1, 14)+ (11XO1X8,7)
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