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All enhancement groups can be obtained from the
Generalized Dynkin Diagram of ['17.]
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* 19 roots: |a|* =2
* Associated to Weyl reflections in ['17.!
SO(17,1,Z) is generated by these |9 Weyl reflections

* Weyl group divides the moduli space into chambers
Fundamental chamber: fundamental region in mod space

* Each root corresponds to a boundary in mod space
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All enhancement groups can be obtained from the
Generalized Dynkin Diagram of ['17.]
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* 19 roots: |a|* =2
* Associated to Weyl reflections in ['17.!
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All enhancement groups can be obtained from the
Generalized Dynkin Diagram of ['17.]
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* 19 roots: |a|* =2
* Associated to Weyl reflections in ['17.!
SO(17,1,Z) is generated by these |9 Weyl reflections

* Weyl group divides the moduli space into chambers
Fundamental chamber: fundamental region in mod space

* Each root corresponds to a boundary in mod space
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All enhancement groups can be obtained from the
Generalized Dynkin Diagram of ['17.]
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* Associated to Weyl reflections in ['17.!
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All enhancement groups can be obtained from the
Generalized Dynkin Diagram of ['17.]
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* Associated to Weyl reflections in ['17.!
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* Deleting 2 roots we get rank |7 maximal enhancement groups
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All enhancement groups can be obtained from the
Generalized Dynkin Diagram of ['17.]
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* 19 roots: |a|* =2
* Associated to Weyl reflections in ['17.!

SO(17,1,Z) is generated by these |19 Weyl reflections

* Weyl group divides the moduli space into chambers
Fundamental chamber: fundamental region in mod space

* Each root corresponds to a boundary in mod space

* Deleting 2 roots we get rank |7 maximal enhancement groups
Eg:Esx SO(18) A= (0;,-1,03) R*=1/2

* Possible groups:
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* 19 roots: |a|* =2
* Associated to Weyl reflections in ['17.!
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Generalized Dynkin Diagram of ['17.]

. A2 21— R 5 YA <0
n=1
>
7 Ay> A1 7 Ay A
@ o—0 0 0090 0 0 0 0 ° o
6’ 5 4 3 2 1 0 B 0 1 2 3 4 5 6
A1 > Ay > A3 > Ay > As > Ag > Ay

* 19 roots: |a|* =2
* Associated to Weyl reflections in ['17.!

SO(17,1,Z) is generated by these |19 Weyl reflections

* Weyl group divides the moduli space into chambers
Fundamental chamber: fundamental region in mod space

* Each root corresponds to a boundary in mod space

* Deleting 2 roots we get rank |7 maximal enhancement groups

Eg:EsxSO(18) A= (0;,—1,05) R*=1/2
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All enhancement groups can be obtained from the
Generalized Dynkin Diagram of ['17.]

. A2 21— R 5 YA <0
n=1
>
7 Ay> A1 7 Ay A
@ o—0 0 0090 0 0 0 0 ° o
6’ 5 4 3 2 1 0 B 0 1 2 3 4 5 6
A1 > Ay > A3 > Ay > As > Ag > Ay

* 19 roots: |a|* =2
* Associated to Weyl reflections in ['17.!

SO(17,1,Z) is generated by these |19 Weyl reflections

* Weyl group divides the moduli space into chambers
Fundamental chamber: fundamental region in mod space

* Each root corresponds to a boundary in mod space

* Deleting 2 roots we get rank |7 maximal enhancement groups

Eg:EsxSO(18) A= (0;,—1,05) R*=1/2
* Possible groups: Ey_, x Ey_, x SU(p + q) SU(18)
Ey_, x SU(9 +p) SO(34)

Eg_p X 30(16 + 2]9)
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Wilson line

Gauge group

q q 1
((2(p—|—q)>p ’ 08_p’ (2(p—i—q))q ’ (2)8—q)
(), sz (),
2(6+q) ) ;7 2(6+q)? \2(6+q) / 7 \2/8—q

()7 =3 (3)7,=3) + (015,1)
08+Q7 (%)8—(1
(0157 ]-)

Ey_p x Eg_, x SU(p+q)

SU(9 —+ Q) X Eg_q

SU(18)
50(16 + 2q> X Eg_q
SO(34)

Table 1: Maximal enhancements for the SO(32) theory.

Wilson line R? Gauge group
((}9 0sy, (3)(1 , og_q) (1,07,1,07) | (L +1) | Boy x Bo g x SU(p+0)
(@b (), 0) ~ 0100 |1 (5+3) | sv0+0) < B
((6)7: =5 (=5);) = (1,0,1,0) 5 SU(18)
(08, (é)q , og_q) — (1,07,1,07) L SO(16 + 29) x Ey_,
(0s, ()., —%) — (1,07,1,07) + SO(34)

: Maximal enhancements for the Eg x Eg theory.
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Heterotic string on T2

O(18,2,R)
H € 5Rx0R R %0827

(pr,pr) € T
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Heterotic string on T2
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H € 5Rx0R R %0827

* What are all the possible enhancement groups!?

(pr,pr) € T
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Heterotic string on T2

N € sremaa 2l (02, Pr)

(18,R)xO(2,R) x O(18,2,7)

* What are all the possible enhancement groups!?

All groups whose root lattice admits an embedding in

18,2

c T'18.2
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Heterotic string on T2
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(18,R)xO(2,R) x O(18,2,7)

* What are all the possible enhancement groups!?

All groups whose root lattice admits an embedding in

18,2

not known!
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* What are all the possible enhancement groups!?
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Heterotic string on T2

N € sragaaat) (b, pr) € I

(18,R)xO(2,R) x O(18,2,7)

— -
~—

mod space of F-theory on K3

* What are all the possible enhancement groups!?

All groups whose root lattice admits an embedding in

* Just play and find them by hand...

or

* Heterotic on T2 < F-theory on K3

18,2

not known!

13



Heterotic string on T2

N € sremaa 2l (02, Pr)

(18,R)xO(2,R) x O(18,2,7)

— -
~—

mod space of F-theory on K3

* What are all the possible enhancement groups!?

All groups whose root lattice admits an embedding in

* Just play and find them by hand...

or

* Heterotic on T2 < F-theory on K3

18,2

* Search for all groups on K3 Chabrol 19

c T'18.2

not known!
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Heterotic string on T2

O(18,2,R)
H € O(18,R)xO(2,R)xO(18,2,Z) (PrsPR)

— -
~—

mod space of F-theory on K3

* What are all the possible enhancement groups!?

All groups whose root lattice admits an embedding in I''%~
* Just play and find them by hand...
or
* Heterotic on T2 < F-theory on K3
* Search for all groups on K3 Chabrol 19

* Actually, have been all listed Shimada Zhang 00

c T'18.2

not known!
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Shimada Zhang 00

1 ‘2A2+A4+2A5

O

| 41 ‘A5—|—A6+A7

| 73 | A1+ As+ Ay + Aqo

11 ‘A1+A3+A4+2A5

42 12 A, + 2 Ag

12 | Ay + Ay + 2 A5+ Ay + A;

74 | A+ A+ As + Ay

| 13 | 34

3| A1 +3A434 Az + Ag

| 14 [ 24, +2 A + 2 Ag

4 ‘ 2A1 +2A4 + Ag

75 | Az + As + Aqo

| 15 | 243+ 2 A

5|34+ Ay + Ag

99 | Ay + Az + Ay

| 127 | 2 Ay + Ag + D5

100 | Ay + Ay + Ajs

| 128 | 24, + Ay + Ag + D5

1129 | Ay + A5+ Ag + D5

| No | )y [ No | Y [ [ No | > | | No | > | [ No | ) |
| 1 |64 |34 | A+ As+ Ag+ As + A7 | | 65 |A3+A6+A9 | 92 | 241+ Ay + Ao 120 | Ax + As + Ag + Ds

(2 [24, 144, (35 [2A, + Ay + A5 + A, | | 66 [ Ax + A7 + Ag |

| 3 |24,4+2A5+2A, 36 | As + Ay + As + A~ | 67 | A1+ As + Ag | | 93 | Ay + Ay + Ay | | 121 | Ay + A7 +2 D5 |
| 4 |34,+345 [68 ] Ay +2 43 + Ay | | 94 | A+ As + Ay | | 122 | Ay + Ay + As + A7 + Ds |
| 5 [4A+245 | 37 | A1 +2 A, + Ag + A7 ||69|A1—|—2A2+A3+A10| | 95 | Ag + Ay | 123 [ 24, + Ay + A7 + D5 |
| 6 [A3+345 (38 [2A1+As+ A+ A7 [ [70 [24, + Ay [ [96 [ A1 +24; + Aus [ [124] A5 +2D;5 |
[ 7T [2A+2A45+ 245 |39 | Ay + A3+ Ag + 47 [ 71 2 Ay + A, & Ao 125 | Ay + A4 + As + D5

[ 8 JAI +2A,+ A3 +2 45 A+ As+ As + Ay | 97 [3A; + Ay + Ay

|9 [24,+245 [72 (24, + A5 + A4 + Ay | | 98 | 2A; + Az + A3 | 126 | A5 + As + Ds

| |

|

|

| [130] Ay + Ag + D5

| 101 | A5 + Ay

| |131|A1+A2+A10+D5

| 102 ‘ 2 A9 + Aa

| [132]241 + A+ Ds

‘ 16 ‘A2+A4+2A6

6 | Ay + Ay + As + Ay + Ag

| 76 | 2A; + Ag + Ay

| 17 |24+ Ay +2 Ay + Ag

|
|
|
|
|
|
|
|
[ [0
|
|
|
|
|
|
|
|
|

7| A +2A5+ A5 + Ag

77 | A2 + As + A1

18 | A1 + A3 +2 A4+ As

103 | 2A1 + As + Ay

i | 133 | Ay + A1y + Ds

104 | Ay + A3+ Ay

134 | A1 + A2+ D5

9 ‘A1+A4+A5+A8

78 | A1+ A7+ Ao

‘ 19 ‘A2+2A3+A4+A6

0 ‘ 2A1 + As + Ag + Asg

| 105 ‘ Ay + Aqy

[ 1135 ] A1z + Ds

| 106 | 341 + A5

[ 136 | 3Ds

120 [ A1 +2A5 + Ay + As + Ao

1 ‘A1+A3+A6+A8

| As + Ao

121 |2A1+2A45+ 4

2 ‘A4+A6+Ag

|22 | Ay +2A5+ A5 + Ag

| 4
| 4
| 4
| 4
| 4
| 48 | Ay + A3+ A5 + Ag
| 4
| 5
IE
| 5
| 5

3] A+ Ay + A7 + Ag

1|34 +2A+ Ay

23 | Ai+As+ Ay + As + Ag

54 | 2 Ag

| 79
| 80 |A1+3A2—|—A11
| 8
RE

2 |A1+2A3—|—A11

83 | 242+ A3+ Ay

| 24 | Ag+ Ay + As + Ag

[ [ 55 [ A1+ Ay + 245 + Ag

| 256|441 4247

‘ | 56 ‘ 2A1+2A2—|—A3—|—A9

26 | 2 A5 + 2 A7

57 | AL +2A4+ Ag

84 | 2A; + A2+ A3+ Ann |

[ 58 [3A; + Ay + Ay + Ay

|27 | A1+ A3+ 247

| [39 [ 241 + A3 + A4 + Ay

107 | Ay + As + Ass

| 137 [ 2 A5+ 2 Dg

| [ 13824, +2A, + Dg

| 108 | A3 + Ays

| [139] 24 +2A5+ Ds

109 | 2 A, + Ass

| 140 | Ay +2 A3 + As + Dg

|141 | As+ Ay + As + Dg

[ 110 | Ay + Ay

| [142] 246 + Ds

111 | Ay + Aqr

| [ 143 [ Ay + Ay + Ag + Ds

| 144 | Ay +2 Ay + A7 + Ds

| 112 | Ass

| 145 [ Ay + As + A7 + D

86 [ A1+ A+ Ay + Ay | [ 113|244 +2D;s

| 28 | 241+ 3 A3+ A7

| [60 [ 24, + A5 + A5 + Ay

87 |2A1 4+ As + A

‘ 29 ‘A2+3A3-|—A7

| [61 [ AL+ A3 + 45 + 4y

| 30 | 2454+ As + Ay + A7

|

|

|

[ |85 [3A1+As+ Any
[ |

|

|

62 | As+ As + Ay

[ 31 [2A1 + Ap + Ay + Ay + A7

|88 | Ay + As + Ay

_|114\A3+2A5+D5

|147|A4—|—A8+D6

| 115 | 244, + As + D5

|
| [146 [ A + Ay + A7 £ Dg
|
|

148 | Ay + As + Ag + Dsg

| |116 ‘ A1+A3+A4+A5+D5|

| [89 [ A+ Ag + Apy

|32 | Ay + 245 + A7

63 ‘3A1+A6—|—A9

| 117 | Ay +2 A6 + Ds

| |149|A3—|—A9—|—D6

| | 90 | 2A1 +2A9 + Ao

[ 33 | 341+ A3+ A5 + A7

|
| 64 | Ay + Ay + Ag + Ag

| |118 ‘ 2A2 4+ A3z + A + D5

[ 150 | As + Aio + Dy

| |91 | Ay + Ay + Az + Ay | |119‘A1—|—A2—|—A4—|—A6+D5| | 151 | Ay + Ayy + Dg




[160 [ A5 + As + Dy

[196 [ A2 + D + Dyg

[ 231 | Ay + As + A7 + Ee

[ No | )y | No | X | No | X [ No | > | [ No | %
| 152 | A1o + Ds | 188 | 241 +2 A3+ Dy 1224 |[2A0+ A3+ As+ Es | [ 258 Ay +2E; | [ 291 | Diy + E
| 153 | Ao + A5 + D5 + Dg | 189 | 2 A4 + Do 1225 | Ag + Ay + As + Es | [259 ] Ay +2 A5 + Ag + E; ||292|A2—|—A3+E6+E7
[ 154 [ A7 + D5 + Dg [ 190 [ A1+ A3+ Ay + Do | [226 [ Ag +2FEg [[260] 24, + As+ Ay + Br [ [293] Ay + Ay + E6 + Er
| 155 | 24, +2 D5 | 191 | 3 Ay + A5 + Dqo 227 | Ay + Ay + A3 + As + Es | | 261 [ 2 A3+ A5 + B | [294] A5 + Eg + B
| 156 | Ay +3 A3 + Dy | 192 [ A3 + A5 + Dig 1262 | A1+ Ao+ A3+ As + B7 | [295 [ D5 + Eo + Er
(157 A+ A, +2 45+ D7 [ [193 ] As + A6 + Dio (228 [ 24+ As+ Ao+ Bo | [263 [ 24, + Ay + A5 + By | [296 | 2 A; + 2 By
| 158 | Ao + A3 + Ag + Dy | 194 | As + Dig 1229 | Ay + Ay + Ag + Es (264 [ A3 + As + A5 1 By ||297|A2+2E8
| 159 | Ay + Ay + Ag + Dy [195] Ay + Ao+ D5+ D1g | [ 230 [ A1 + A5 + A + Es 7265 | A, + 24, + A + By ||298|2A2+2A3+E8

| |

266 | Ay + A3+ As + Ex

| 161 | 24, + Ay + A7 + Dy

| 197 | Ay + D7 + Dy

232 | A5 + A7 + Es

299 | 2A; +2 A4+ Eg

267 Al +A4+A6—|—E7

1162 | Ay + A3 + A7 + Dy

| 198 | 2A2—|—A3—|—D11

1233 [ 245+ As + Es

|300 | Ay + Ay + A3 + Ay + Eg

| 163 [ 24, + Ay + Dy

| 301 | 2 A5 + Fy

[ 199 [ Ay + Ao + Ay + Dy

1234 | 2A; + Ay + As + Es

68 | As + As + Ex

| |302 | Ao + A3 + As + Eg

‘164 ‘ Ao+ Ag + D7

1200 | Ay + As + D1y

1235 | Ay + A3 + As + Es

69 | 2A5 + A7 + Er

‘ 165 ‘ A1+A10‘|‘D7

| 201 | Ay + A + D1y

1236 | Ay + As + Es

70|24, + Ay + A7 + By

303 | Ay + Ay + A5 + Eg

1304 | 2 Ay + Ag + F

| 166 | Ay1 + Dy

1202 |24, +245+ Dy

|237‘A1—|—A2+A9—|—E6

| 167 | Ay + As + Ds + Dy

1203 | A1 + Ay + A5+ Dio

‘168 ‘ As + Dg + D7

1204 | 2A; + Ay + Dy

169 | 2A; +2 Dy

(205 [ A + D5 + D

| 170 | 2 Ay + 2 A3 + Dy | 206 | Dg + D12
| 171 | 2 A5 + Ds 207 | Ay + Ay + Di3
17224, + A3+ As + Ds | [ 208 ] A5 + D13
| 173 | Ay + Ay + As + Ds | 209 | D5 + D13

|238 ‘ A3+A9—|-E6

72| Ay + A7+ Ex

1305 | 2 A1 + Ay + Ag + Es

| 306 | Ay + A3 + Ag + Exs

1239 | 2A; + Ay + Fy

73 | Ay + Ay + As + E

| 240 | Ay + Ay + E

2
2
2
271 | Ay + A3+ A7 + Er
2
2
2

74|A3+A8+E7

| 307 | Ay + Ag + Ex

241 | A1 + A1 + Eg

| | 308 | Ay + Ay + A7 + Ex

| 275 | 2A1+A9—|—E7

| 1309 | 2 A, + Ag + Fy

276 A2 —|—A9 —|—E7

| 242 | Ayp + Eg

- 310 | Ay 4+ As + Fx

|243 ‘ As+ Ay + D5 + Eg

2717 | Ay + Ao + B

| 174 | 2 Ay + Ag + Ds

1210 | 2 A5+ Dyy

| 244 | Ay + As + D5 + Es

| 311 | Ay + Ag + F

| 312 | Ay + Es

‘175 ‘ A1+ As + A7 + Dg

| 211 | 2 Ay + Ay + Dy

| 245 | A7 + D5 + Eg

78 | All ‘|'E7

[ [313 [ 2Ds + Eg

‘176 ‘ Ay + Ag + Dg

|212 | A1+ A3z + Dy

| 246 | Ds + 2 Eg

79[ Dy +2E;

| | 314 | Ay + Ay + D5 + Exg

[ 315 ] As + D5 + Es

| |316 | 2 A9 + Dg + Eg

| | 317 | Ay + Dg + Ex

[ [318 [ A1 + Ay + D7 + B

| | 319 | Ay + Dy + Ex

[ [ 320 | D10 + Ex

(177 [2Ds + Ds [213] Ay + Dua (247 Ay + Ay + Dg + Eg 80 | A> + Ay + D5 + Ex
(178 [ A, + A3 + Do + Ds | [214] A+ A; + Dys (248 Ag + Dg + Ee 81| A1+ As + D5 + Ex
(179 [ 2Dy [215[ 2 A, + Dyg (249 | Ay + Ay + D7 + Eg 82 | Ag + D5 + Er
180 [ Ay +2A3+ As+ Dy | [216 ] Ay + Dy | 250 | D5 + D7 + Eg 83 | Ay + As + D¢ + Er
‘181‘A1+A3+A5—|—D9 |217|A1+D17 |251‘A4+D8—|—E6

| 182 | Ay + A5 + Dy | 218 | Dss | 252 | Ay + Ay + Dy + Eg 85 | D5 + Dg + E7
[183[ Ay + Ay + Ag+ Dy [ [219]3FEs [253 ] A3 + Dy + E 86 | A1 + A3 + D7 + Ex

| 184 [ 24, + A7+ Dy

220 | 2 A5 + 2 Eg

|321 | A1+ Az + Eg + Eg

| 254 | Ay + D11 + F

87|A4—|—D7—|—E7

322 | Ay + Eg + Eg

‘185 ‘ Ay + Ag + Dy

|221 | A1+A3—|—2A4+E6

| 255 | D1o + Eg

88 | A1+A2+D8+E7

(186 [ Ay + Dy

1222 | Ay + A5 + 2 F,

| 256 | 24, + 2 E;

89 | Ay + Dg + E

324 | A1+ Ay + E7 + Ej

‘187‘A4+D5—|—D9

|223 | As +2A5 + Es

|257‘A1+A3—|—2E7

|2
|2
|2
|2
|2
|2
| 284 | A5 + Dg + E7
|2
|2
|2
|2
|2
|2

90 | A1+ Do+ Er

|

[ |

| [ 323 | Dy + Es + Es
[ |

| |

325 | A3 + Er + Ex




[160 [ A5 + As + Dy

[196 [ A2 + D + Dyg

[ 231 | Ay + As + A7 + Ee

[ No | )y | No | X | No | X [ No | > | [ No | %
| 152 | Ao + D [188 [ 241 +2 A3+ Dy [224[2A, + A3+ As+Es | [258] Ay +2E; [ [291] Dyy + Er
| 153 | Ao + A5 + D5 + Dg | 189 [ 2A4+ Dy 1225 | Ag + Ay + As + Es | [259 ] Ay +2 A5 + Ag + E; | [292] Ay + A3 + Eg + B
| 154 [ A7 + D5 + Dg [ 190 | Ay + A3+ Ay + Do | [ 226 ] Ag +2 Eg [[260 [2Ay+ A5+ Ay +EBr [ [293] Ay + Ay + Eg + B;
| 155 | 24, +2 D5 | 191 | 3 Ay + A5 + Dqo 227 | Ay +As+ A3+ Ag + Eg | | 261 | 2 A3 + A5 + Er ||294|A5+E6+E7
| 156 | Ay +3 A3+ Dy | 192 | A3 + A5 + Dy 1262 | A1+ Ao+ A3+ As + B7 | [295 [ D5 + Eo + Er
(157 | A1+ Ay +2A4+ D7 | [ 193] Az + Ag + Dig 1228 | 241 + Aq + As + Es 1263 |24+ As+As+EBr [ [296f2A1+2Es \ A _n
| 168 | Ay + A5+ As + Dy | 194 | As + Dig 1229 | Ay + Ay + Ag + Es (264 | A, + Ay + A5 + B ||297¢A2+2E8 }f—‘\_'u'
| 159 | Ay + Ay + Ag + Dy [195] Ay + Ao+ D5+ D1g | [ 230 [ A1 + A5 + A + Es 7265 | A, + 24, + A + By ||298|2A2+2A3+E8
| |

266 | Ay + A3+ As + Ex

| 161 | 24, + Ay + A7 + Dy

| 197 | Ay + D7 + Dy

232 | A5 + A7 + Es

299 | 2A; +2 A4+ Eg

267 Al +A4+A6—|—E7

1162 | Ay + A3 + A7 + Dy

| 198 | 2A2—|—A3—|—D11

1233 [ 245+ As + Es

|300 | Ay + Ay + A3 + Ay + Eg

| 163 [ 24, + Ay + Dy

| 301 | 2 A5 + Fy

[ 199 [ Ay + Ao + Ay + Dy

1234 | 2A; + Ay + As + Es

68 | As + As + Ex

| |302 | Ao + A3 + As + Eg

‘164 ‘ Ao+ Ag + D7

1200 | Ay + As + D1y

1235 | Ay + A3 + As + Es

69 | 2A5 + A7 + Er

‘ 165 ‘ A1+A10‘|‘D7

| 201 | Ay + A + D1y

1236 | Ay + As + Es

70|24, + Ay + A7 + By

303 | Ay + Ay + A5 + Eg

1304 | 2 Ay + Ag + F

| 166 | Ay1 + Dy

1202 |24, +245+ Dy

|237‘A1—|—A2+A9—|—E6

| 167 | Ay + As + Ds + Dy

1203 | A1 + Ay + A5+ Dio

‘168 ‘ As + Dg + D7

1204 | 2A; + Ay + Dy

169 | 2A; +2 Dy

(205 [ A + D5 + D

| 170 | 2 Ay + 2 A3 + Dy | 206 | Dg + D12
| 171 | 2 A5 + Ds 207 | Ay + Ay + Di3
17224, + A3+ As + Ds | [ 208 ] A5 + D13
| 173 | Ay + Ay + As + Ds | 209 | D5 + D13

|238 ‘ A3+A9—|-E6

72| Ay + A7+ Ex

1305 | 2 A1 + Ay + Ag + Es

| 306 | Ay + A3 + Ag + Exs

1239 | 2A; + Ay + Fy

73 | Ay + Ay + As + E

| 240 | Ay + Ay + E

2
2
2
271 | Ay + A3+ A7 + Er
2
2
2

74|A3+A8+E7

| 307 | Ay + Ag + Ex

| | 308 | Ay + Ay + A7 + Ex

| 174 | 2 Ay + Ag + Ds

1210 | 2 A5+ Dyy

‘175 ‘ A1+ As + A7 + Dg

| 211 | 2 Ay + Ay + Dy

241 [ Ay + An + Es _ ;;2|,24;4:t4;412f7 | [309 [ 24, + As + Es
1242 | Ao + Es 0 At A P
| 243 | A3+ Ay + D5 + Eg 277 | Ay + Aro + Er |311|A1+A9+E8
[244 ] Ay + Ag + D5 + Eg EETEEES

] A+ B, [ [313 [ 2Ds + Eg

| 245 | A7 + D5 + Eg

‘176 ‘ Ay + Ag + Dg

|212 | A1+ A3z + Dy

| 246 | Ds + 2 Eg

79[ Dy +2E;

| | 314 | Ay + Ay + D5 + Exg

[ 315 ] As + D5 + Es

| |316 | 2 A9 + Dg + Eg

| | 317 | Ay + Dg + Ex

[ [318 [ A1 + Ay + D7 + B

| | 319 | Ay + Dy + Ex

[ [ 320 | D10 + Ex

(177 [2Ds + Ds [213] Ay + Dua (247 Ay + Ay + Dg + Eg 80 | A> + Ay + D5 + Ex
(178 [ A, + A3 + Do + Ds | [214] A+ A; + Dys (248 Ag + Dg + Ee 81| A1+ As + D5 + Ex
(179 [ 2Dy [215[ 2 A, + Dyg (249 | Ay + Ay + D7 + Eg 82 | Ag + D5 + Er
180 [ Ay +2A3+ As+ Dy | [216 ] Ay + Dy | 250 | D5 + D7 + Eg 83 | Ay + As + D¢ + Er
‘181‘A1+A3+A5—|—D9 |217|A1+D17 |251‘A4+D8—|—E6

| 182 | Ay + A5 + Dy | 218 | Dss | 252 | Ay + Ay + Dy + Eg 85 | D5 + Dg + E7
[183[ Ay + Ay + Ag+ Dy [ [219]3FEs [253 ] A3 + Dy + E 86 | A1 + A3 + D7 + Ex

| 184 [ 24, + A7+ Dy

220 | 2 A5 + 2 Eg

|321 | A1+ Az + Eg + Eg

| 254 | Ay + D11 + F

87|A4—|—D7—|—E7

322 | Ay + Eg + Eg

‘185 ‘ Ay + Ag + Dy

|221 | A1+A3—|—2A4+E6

| 255 | D1o + Eg

88 | A1+A2+D8+E7

(186 [ Ay + Dy

1222 | Ay + A5 + 2 F,

| 256 | 24, + 2 E;

89 | Ay + Dg + E

324 | A1+ Ay + E7 + Ej

‘187‘A4+D5—|—D9

|223 | As +2A5 + Es

|257‘A1+A3—|—2E7

|2
|2
|2
|2
|2
|2
| 284 | A5 + Dg + E7
|2
|2
|2
|2
|2
|2

90 | A1+ Do+ Er

|

[ |

| [ 323 | Dy + Es + Es
[ |

| |

325 | A3 + Er + Ex




[ No | )y | No | X | No | X [ No | N | [ No | %

| 152 | A1p + Dg 188 [ 24, +2 A3+ Dy 1224 [2A0+ A3+ As+ Es | [ 258 As+2E; \_ | [ 291 | D11 + Ex

| 153 | Ao + A5 + D5 + Dg | 189 | 2 A4 + Do 1225 | Ag + Ay + As + Es H259|A1—|—2A3—|—A4—|—‘Ev\ ||292|A2—|—A3+E6+E7
|

| 154 | A7 + D5 + Dy 1190 | Ay + A3+ As+Dio | [226 [ Ag +2 Fe 260 [ 245 + A3 + As + Br N\_| | 293 | Ay + A4 + B + B

| 155 | 24, +2 D5 | 191 | 3 Ay + A5 + Dqo 227 | Ay + Ay + A3 + Ag + Eg

‘261|2A3+A5+E7 \N294|A5+E6+E7

| 156 | Ay +3 A3+ Dy | 192 | A3 + A5 + Dy

‘262 | A1+A2—|—A3—|—A5+E7| |‘\SQ5 | Ds + Eg + E

(157 [ A1+ Ao +2A4+ D7 | [193] A2 + A + Dig 1228 | 2A; + Ay + Ag + Es

(26324, + As + As + B; | 200024, 1 2 B

=N
U

|229 ‘ Aoy + Ay + Ag + Es

‘158 ‘ As + Az + Ag + D7

| 194 | Ag + D1

1159 | Ay + Ay + Ag + Dy

1195 | A1 + Ay + D5 + Dy

“264|A2+A4+A5+E7

1230 [ A1 + A5 + As + Es

A
| [297[ A, +2Es ) 7"

| 7265 | A, + 245 + Ag + B;

[160 [ A5 + As + Dy

[196 [ A2 + D + Dyg

[ 231 | Ay + As + A7 + Ee

| [208] 24, + 245 + By

“266 | A2+A3+A6—|—E7

| 161 | 24, + Ay + A7 + Dy

| 197 | Ay + D7 + Dy

232 | A5 + A7 + Es

| [299[ 24, ¥ 2A, + By

267 Al +A4+A6—|—E7

1162 | Ay + A3 + A7 + Dy

| 198 | 2A2—|—A3—|—D11

1233 [ 245+ As + Es

|300 | Ay + Ay + A3 + Ay + Eg

| 163 [ 24, + Ay + Dy

| 301 | 2 A5 + Fy

[ 199 [ Ay + Ao + Ay + Dy

1234 | 2A; + Ay + As + Es

68 | As + As + Ex

| 302 | Ay + A3 + As + Ex

‘164 ‘ Ao+ Ag + D7

1200 | Ay + As + D1y

1235 | Ay + A3 + As + Es

69 | 2A5 + A7 + Er

‘ 165 ‘ A1+A10+D7

| 201 | Ay + A + D1y

1236 | Ay + As + Es

70|24, + Ay + A7 + By

303 | Ay + Ay + A5 + Eg

1304 | 2 Ay + Ag + F

| 166 | Ay1 + Dy

1202 |24, +245+ Dy

|237‘A1—|—A2+A9—|—E6

| 167 | Ay + As + Ds + Dy

1203 | A1 + Ay + A5+ Dio

‘168 ‘ As + Dg + D7

1204 | 2A; + Ay + Dy

169 | 2A; +2 Dy

(205 [ A + D5 + D

| 170 | 2A; +2 A3+ Dg | 206 | Dg + D12
| 171 [ 2 A5 + Dg 1207 | A1 + Ay + Dy
17224, + A3+ As + Ds | [ 208 ] A5 + D13
| 173 | Ay + Ay + As + Ds | 209 | D5 + D13

|238 ‘ A3+A9—|-E6

72| Ay + A7+ Ex

1305 | 2 A1 + Ay + Ag + Es

| 306 | Ay + A3 + Ag + Exs

1239 | 2A; + Ay + Fy

73 | Ay + Ay + As + E

| 240 | Ay + Ay + E

|2
|2
|2
1271 | Ay + As + A7 + E;
|2
|2
|2

74|A3+A8+E7

| 307 | Ay + Ag + Ex

241 | A1 + A1 + Eg

| | 308 | Ay + Ay + A7 + Ex

(275 [ 2414+ Ay + Ex

| 1309 | 2 A, + Ag + Fy

276 A2 —|—A9 —|—E7

| 242 | Ayp + Eg

- 310 | Ay 4+ As + Fx

|243 ‘ As+ Ay + D5 + Eg

2717 | Ay + Ao + B

| 174 | 2 Ay + Ag + Ds

1210 | 2 A5+ Dyy

| 244 | Ay + As + D5 + Es

| 311 | Ay + Ag + F

| 312 | Ay + Es

‘175 ‘ A1+ As + A7 + Dg

| 211 | 2 Ay + Ay + Dy

| 245 | A7 + D5 + Eg

78 | A1+ Er

[ [313 [ 2Ds + Eg

‘176 ‘ Ay + Ag + Dg

|212 | A1+ A3z + Dy

| 246 | Ds + 2 Eg

79[ Dy +2E;

| | 314 | Ay + Ay + D5 + Exg

[ 315 ] As + D5 + Es

| |316 | 2 As + Dg + Eg

| | 317 | Ay + Dg + Ex

[ [318 [ A1 + Ay + D7 + B

| | 319 | Ay + Dy + Ex

[ [ 320 | D10 + Ex

(177 [2Ds + Ds [213] Ay + Dua (247 Ay + Ay + Dg + Eg 80 | A> + Ay + D5 + Ex
(178 [ A, + A3 + Do + Ds | [214] A+ A; + Dys (248 Ag + Dg + Ee 81| A1+ As + D5 + Ex
(179 [ 2Dy [215[ 2 A, + Dyg (249 | Ay + Ay + D7 + Eg 82 | A + Ds + E;
180 [ Ay +2A3+ As+ Dy | [216 ] Ay + Dy | 250 | D5 + D7 + Eg 83 | Ay + As + D¢ + Er
‘181‘A1+A3+A5—|—D9 |217|A1+D17 |251‘A4+D8—|—E6

| 182 | Ay + A5 + Dy | 218 | Dss | 252 | Ay + Ay + Dy + Eg 85 | D5 + Dg + E7
[183[ Ay + Ay + Ag+ Dy [ [219]3FEs [253 ] A3 + Dy + E 86 | A1 + A3 + D7 + Ex

| 184 [ 24, + A7+ Dy

220 | 2 A5 + 2 Eg

|321 | A1+ Az + Eg + Eg

| 254 | Ay + D11 + F

87|A4—|—D7—|—E7

322 | Ay + Eg + Eg

‘185 ‘ Ay + Ag + Dy

|221 | A1+A3—|—2A4+E6

| 255 | D1o + Eg

88 | A1+A2+D8+E7

(186 [ Ay + Dy

1222 | Ay + A5 + 2 F,

| 256 | 24, + 2 E;

89 | Ay + Dg + E

324 | A1+ Ay + E7 + Ej

‘187‘A4+D5—|—D9

|223 | As +2A5 + Es

|257‘A1+A3—|—2E7

|2
|2
|2
|2
|2
|2
| 284 | A5 + Dg + E7
|2
|2
|2
|2
|2
|2

90 | A1+ Do+ Er

|

[ |

| [ 323 | Dy + Es + Es
[ |

| |

325 | A3 + Er + Ex




[ No | )y | No | X | No | X [ No | N | [ No | I

| 152 | A1o + Ds | 188 | 241 +2 A3+ Dy (224 [2As + A5+ As+ Bs | [258] As+2E7 N\ | [ 291 | Diy + E

| 153 | Ao+ As + D5 + Ds 189 | 244 + Dy 1225 | A3+ Ay + As + Es [[259 [ Ay + 245+ Ay + Bx__ | [292] Ao+ A3 + ks + Ex
| 154 [ A7 + D5 + Dy 1190 | Ay + A3+ As+ Dio | [226 [ Ag +2Eg [[260 [242 + A5 + Ay + Br N\ | [ 293 [ A1 + Ay + K + B>
| 155 24, +2 Dy [ 191 [ 341 4+ A5 + Do 227 [ A1 + Az + A3 + Ag + Eg | | 261 | 243 + A5 + 7 N(294 [ 4; + E6 + b

|192 | Az + As + Dy

‘157‘A1+A2+2A4+D7

1193 [ A2+ As + Dy

‘158 ‘ As + Az + Ag + D7

| 194 | Ag + D1

1159 | Ay + Ay + Ag + Dy

1195 | A1 + Ay + D5 + Dy

‘262 | A1+ As + A3+ As + Ef

1228 | 2 A, + Ay + Ag + Es

|[263[24; + Ay + A5 + b7

|229 ‘ Aoy + Ay + Ag + Es

“264|A2+A4+A5+E7

1230 [ A1 + A5 + As + Es

A=0N
7\—VU

1297\ A2 +2E5 v )

| 7265 | A, + 245 + Ag + B;

[160 [ A5 + As + Dy

[196 [ A2 + D + Dyg

[ 231 | Ay + As + A7 + Ee

[ 395 Ds + Es + r
S
|

|

(298] 24, + 245 + s

“266 | A2+A3+A6—|—E7

| 161 | 24, + Ay + A7 + Dy

| 197 | Ay + D7 + Dy

232 | A5 + A7 + Es

| [299[ 24, ¥ 2A, + By

267 Al +A4+A6—|—E7

1162 | Ay + A3 + A7 + Dy

| 198 | 2A2—|—A3—|—D11

1233 [ 245+ As + Es

|300 | Ay + Ay + A3 + Ay + Eg

| 163 [ 24, + Ay + Dy

| 301 | 2 A5 + Fy

[ 199 [ Ay + Ao + Ay + Dy

1234 | 2A; + Ay + As + Es

68 | As + As + Ex

| 302 | Ay + A3 + As + Ex

‘164 ‘ Ao+ Ag + D7

1200 | Ay + As + D1y

1235 | Ay + A3 + As + Es

69 | 2A5 + A7 + Er

‘ 165 ‘ A1+A10+D7

| 201 | Ay + A + D1y

1236 | Ay + As + Es

70|24, + Ay + A7 + By

303 | Ay + Ay + A5 + Eg

1304 | 2 Ay + Ag + F

| 166 | Ay1 + Dy

1202 |24, +245+ Dy

|237‘A1—|—A2+A9—|—E6

| 167 | Ay + As + Ds + Dy

1203 | A1 + Ay + A5+ Dio

‘168 ‘ As + Dg + D7

1204 | 2A; + Ay + Dy

169 | 2A; +2 Dy

(205 [ A + D5 + D

| 170 | 2 Ay + 2 A3 + Dy | 206 | Dg + D12
| 171 [ 2 A5 + Dg 1207 | A1 + Ay + Dy
17224, + A3+ As + Ds | [ 208 ] A5 + D13
| 173 | Ay + Ay + As + Ds | 209 | D5 + D13

|238 ‘ A3+A9—|-E6

72| Ay + A7+ Ex

1305 | 2 A1 + Ay + Ag + Es

| 306 | Ay + A3 + Ag + Exs

1239 | 2A; + Ay + Fy

73 | Ay + Ay + As + E

| 240 | Ay + Ay + E

|2
|2
|2
1271 | Ay + As + A7 + E;
|2
|2
|2

74|A3+A8+E7

| 307 | Ay + Ag + Ex

| | 308 | Ay + Ay + A7 + Ex

| 174 | 2 Ay + Ag + Ds

1210 | 2 A5+ Dyy

‘175 ‘ A1+ As + A7 + Dg

| 211 | 2 Ay + Ay + Dy

241 [ A, + Ay + B
1+ A+ E _\§;2|124;41+2;49+*:E7E7 G024 A B
| 242 | Ayp + Eg - [ 310 | Ay + As + Es
[243] A3 + A, + D5 + Eq 77 | A + Ao + B [311] Ay + Ag + By
[244T A, + A6 + Ds + Eg (312 | Aio + EBs
78 | A+ By [ [313]2Ds + Es

| 245 | A7 + D5 + Eg

‘176 ‘ Ay + Ag + Dg

|212 | A1+ A3z + Dy

| 246 | Ds + 2 Eg

79[ Dy +2E;

| | 314 | Ay + Ay + D5 + Exg

[ 315 ] As + D5 + Es

| |316 | 2 As + Dg + Eg

| | 317 | Ay + Dg + Ex

[ [318 [ A1 + Ay + D7 + B

| | 319 | Ay + Dy + Ex

[ [ 320 | D10 + Ex

(177 [2Ds + Ds [213] Ay + Dua (247 Ay + Ay + Dg + Eg 80 | A> + Ay + D5 + Ex
(178 [ A, + A3 + Do + Ds | [214] A+ A; + Dys (248 Ag + Dg + Ee 81| A1+ As + D5 + Ex
(179 [ 2Dy [215[ 2 A, + Dyg (249 | Ay + Ay + D7 + Eg 82 | A + Ds + E;
180 [ Ay +2A3+ As+ Dy | [216 ] Ay + Dy | 250 | D5 + D7 + Eg 83 | Ay + As + D¢ + Er
‘181‘A1+A3+A5—|—D9 |217|A1+D17 |251‘A4+D8—|—E6

| 182 | Ay + A5 + Dy | 218 | Dss | 252 | Ay + Ay + Dy + Eg 85 | D5 + Dg + E7
[183[ Ay + Ay + Ag+ Dy [ [219]3FEs [253 ] A3 + Dy + E 86 | A1 + A3 + D7 + Ex

| 184 [ 24, + A7+ Dy

220 | 2 A5 + 2 Eg

|321 | A1+ Az + Eg + Eg

| 254 | Ay + D11 + F

87|A4—|—D7—|—E7

322 | Ay + Eg + Eg

‘185 ‘ Ay + Ag + Dy

|221 | A1+A3—|—2A4+E6

| 255 | D1o + Eg

88 | A1+A2+D8+E7

(186 [ Ay + Dy

1222 | Ay + A5 + 2 F,

| 256 | 24, + 2 E;

89 | Ay + Dg + E

324 | A1+ Ay + E7 + Ej

‘187‘A4+D5—|—D9

|223 | As +2A5 + Es

|257‘A1+A3—|—2E7

|2
|2
|2
|2
|2
|2
| 284 | A5 + Dg + E7
|2
|2
|2
|2
|2
|2

90 | A1+ Do+ Er

|

[ |

| [ 323 | Dy + Es + Es
[ |

| |

325 | A3 + Er + Ex




1159 | Ay + Ay + Ag + Dy

1195 | A1 + Ay + D5 + Dy

1230 [ A1 + A5 + As + Es

265 | A1 +2 A5+ A + E7

[160 [ A5 + As + Dy

[196 [ A2 + D + Dyg

[ 231 | Ay + As + A7 + Ee

2
2

08245 + 245 1 Fs |

SN (o] T o] > [0 N P
| 152 | Ayp + Dg | 188 | 2 A1 + 2 A3 + Dy [224 [2As + A3 + A5 + Eg [[258 | A, + 27 \ [ (291 Dy + & ]
(153 | Ay + A5 + D5 + Dy (189 [ 2 A4 + Dio [225 | A3 + Ay + A5 + Eg R 59|A1+2A3+A4+757\ [ [292] A2+ As + B + Br | |
(154 A; + D5 + Dy [190 [ As + As + As+ Dio | [226 ] Ag + 2 g [[260[2 4, + A5+ As+ Br N\ [ [293 [ A+ Aa+ bs + Br | |
100 | 2 + 2 Dy (191154, + 4 + Do 227 | A1+ Az + As + Ao + Eo | [ 261 [ 243 4 A5 + Er N(294 ] 4 + B + b [ ]
156 | Ayt 34+ Dy [ 192] As + A5 + Dao 1262 | Ay + Ay + As + As + E7 | 5| Ds + Es + §r I |
(157 [ Ay + Ao +2A4+ D7 | [ 193] Ay + As + Do [228 [2A4; + Ay + Ag + Eg 20324+ At A 1 By | TR —7—
| 158 [ Ay + A3 + Ag + Dy 194 ] As + Dy 229 [ Ay + Ay + Ag + Es 364 ] A 1 Ayt A 1 B | 97¢A2+2E8V}F\TU

| |

| |

266 | Ay + A3 + Ag + B7

| 161 | 24, + Ay + A7 + Dy

| 197 | Ay + D7 + Dy

232 | A5 + A7 + Es

299 [2A4,+2A,+ Es |

267 Al +A4+A6—|—E7

1162 | Ay + A3 + A7 + Dy

| 198 | 2A2—|—A3—|—D11

1233 [ 245+ As + Es

|300 | A1+A2+A3+14IL+E8

| 163 [ 24, + Ay + Dy

| 301 | 245 + Es |

[ 199 [ Ay + Ao + Ay + Dy

1234 | 2A; + Ay + As + Es

68 | As + As + Ex

| (302 [ Ay + A3 + 45 + s

‘164 ‘ Ao+ Ag + D7

1200 | Ay + As + D1y

1235 | Ay + A3 + As + Es

69 | 2A5 + A7 + Er

‘ 165 ‘ A1+A10+D7

| 201 | Ay + A + D1y

1236 | Ay + As + Es

70|24, + Ay + A7 + By

[303] A1 + Ay + A5 + s

(3042 A, + A6 + Bs |

| 166 | Ay1 + Dy

1202 |24, +245+ Dy

|237‘A1—|—A2+A9—|—E6

| 167 | Ay + As + Ds + Dy

1203 | A1 + Ay + A5+ Dio

‘168 ‘ As + Dg + D7

1204 | 2A; + Ay + Dy

169 | 2A; +2 Dy

(205 [ A + D5 + D

| 170 | 2 Ay + 2 A3 + Dy | 206 | Dg + D12
| 171 | 2 A5 + Ds 207 | Ay + Ay + Di3
17224, + A3+ As + Ds | [ 208 ] A5 + D13
| 173 | Ay + Ay + As + Ds | 209 | D5 + D13

|238 ‘ A3+A9—|-E6

72| Ay + A7+ Ex

1305 | 2 A1 + Ay + Ag | Es

(306 | A1+ As + A 4 i

1239 | 2A; + Ay + Fy

73 | Ay + Ay + As + E

| 240 | Ay + Ay + E

2
2
2
271 | Ay + A3+ A7 + Er
2
2
2

74|A3+A8+E7

| 307 | Ay + Ag + Ex

| 308 [ A1+ Ay + Ay

| (300 [ 24, + As + B}

L [310 [ A2 + Ag + Eg]

| 174 | 2 Ay + Ag + Ds

1210 | 2 A5+ Dyy

241 | A1 + A1 + Es I 275|2A1—|—A9+E7
276 | Ay + Ag + E

| 242 | Ayp + Eg

|243‘A3+A4+D5+E6 277 | Ay + Ao + E7

| 244 | Ay + As + D5 + Es

(311 A + Ay + EY

[312] Ao+ Bs |

‘175 ‘ A1+ As + A7 + Dg

| 211 | 2 Ay + Ay + Dy

| 245 | A7 + D5 + Eg

78 | A1+ Er

[ [(313[2Ds + Es |

‘176 ‘ Ay + Ag + Dg

|212 | A1+ A3z + Dy

| 246 | Ds + 2 Eg

79[ Dy +2E;

| |314|A1+A4+1P5+E8

| |315|A5+D5+E8

| |316 | 2A2+D6‘I.‘E8

| | 317 | Ay + Ds +[E8

| |318|A1+A2+ID7—|—E8

|
|
|
|
|
|
|
|
|
|
|
- Eg |
|
|
|
|
|
|
|
|
|
|
|

(319 A; + Do ¢ Es

320 DlO + Eg —

(177 [2Ds + Ds [213] Ay + Dua (247 Ay + Ay + Dg + Eg 80 | A> + Ay + D5 + Ex
(178 [ A, + A3 + Do + Ds | [214] A+ A; + Dys (248 Ag + Dg + Ee 81| A1+ As + D5 + Ex
(179 [ 2Dy [215[ 2 A, + Dyg (249 | Ay + Ay + D7 + Eg 82 | Ag + D5 + Er
180 [ Ay +2A3+ As+ Dy | [216 ] Ay + Dy | 250 | D5 + D7 + Eg 83 | Ay + As + D¢ + Er
‘181‘A1+A3+A5—|—D9 |217|A1+D17 |251‘A4+D8—|—E6

| 182 | Ay + A5 + Dy | 218 | Dss | 252 | Ay + Ay + Dy + Eg 85 | D5 + Dg + E7
[183[ Ay + Ay + Ag+ Dy [ [219]3FEs [253 ] A3 + Dy + E 86 | A1 + A3 + D7 + Ex

| 184 [ 24, + A7+ Dy

220 | 2 A5 + 2 Eg

21 | A7 F A3 + Es + Es

| 254 | Ay + D11 + F

87|A4—|—D7—|—E7

22 | A4+ Eg + Eg

‘185 ‘ Ay + Ag + Dy

|221 | A1+A3—|—2A4+E6

| 255 | D1o + Eg

88 | A1+A2+D8+E7

(186 [ Ay + Dy

1222 | Ay + A5 + 2 F,

| 256 | 24, + 2 E;

89 | Ay + Dg + E

24 | Ay + Ay + Er + By

‘187‘A4+D5—|—D9

|223 | As +2A5 + Es

|257‘A1+A3—|—2E7

|2
|2
|2
|2
|2
|2
| 284 | A5 + Dg + E7
|2
|2
|2
|2
|2
|2

90 | A1+ Do+ Er

3
13
1323 | Dy + Es + Eg
13
13

25 | Az + E7 + Eg




‘158 ‘ As + Az + Ag + D7

| 194 | Ag + D1

1159 | Ay + Ay + Ag + Dy

1195 | A1 + Ay + D5 + Dy

|229 ‘ Aoy + Ay + Ag + Es

264|A2+A4+A5+E7

1230 [ A1 + A5 + As + Es

=0
U

A
97¢A2+2E8 v)"'T

265 | A1 +2 A5+ A + E7

[160 [ A5 + As + Dy

[196 [ A2 + D + Dyg

[ 231 | Ay + As + A7 + Ee

2
2

08245 + 245 1 Fs |

[No| > [No ] > [No | > [ [N ] 2N [ [No] 2 [
| 152 | Az + Dy [188[2A; +2 A5+ Dy (224 240+ A3+ A5+ Fs | [258[Aa+2B7 N\ [ [291] Dyy + E; [ ]
| 153 [ Ay + A5 + D5 + De [ 189 [ 244 + Dio 1225 | Ay + Ay + As + e | 59|A1+2A3+A4+E7\ [[292] A2 + A5 + Fs + E7 ||
| 154 | A7 + D5 + Dy [ 190 | Ay + A3+ Ay + Do | [ 226 ] Ag +2 Eg H26O|2A2+A3+A4+E7\||293|A1+A4+L6+E7 [
| 155 | 24, +2 D5 | 191 | 3 Ay + A5 + Dqo 227 | A1+ Ag+ Az + Ag + E6 | | 261 | 2 A3 + A5 + B \N294|A5+E6+1U7 I |
(156 | Ay + 343 + Dy [ 192 | A3 + A5 + Dy (262 [ A; + Ao + A3 + A5 + Br 5] D5+ Eg + br [ ]
(157 [ Ay + Ao +2A4+ D7 | | 193] Ay + As + Do 1228 | 2 A, + Ay + Ag + Es [263]2A, + Ay 1 A5 + BE; 2 A; + 2 Es

|

|

|

266 | Ay + A3 + Ag + B7

| 161 | 24, + Ay + A7 + Dy

| 197 | Ay + D7 + Dy

232 | A5 + A7 + Es

299 [2A4,+2A,+ Es |

267 Al +A4+A6—|—E7

1162 | Ay + A3 + A7 + Dy

| 198 | 2A2—|—A3—|—D11

1233 [ 245+ As + Es

[300 [ Ay + Ay + A5 + Al + Fi

| 163 [ 24, + Ay + Dy

| 301 | 245 + Es |

[ 199 [ Ay + Ao + Ay + Dy

1234 | 2A; + Ay + As + Es

68 | As + As + Ex

| (302 [ Ay + A3 + 45 + s

‘164 ‘ Ao+ Ag + D7

1200 | Ay + As + D1y

1235 | Ay + A3 + As + Es

69 | 2A5 + A7 + Er

‘ 165 ‘ A1+A10+D7

| 201 | Ay + A + D1y

1236 | Ay + As + Es

70|24, + Ay + A7 + By

[303] A1 + Ay + A5 + s

(3042 A, + A6 + Bs |

| 166 | Ay1 + Dy

1237 | Ay + Ay + Ag + Es

| 167 | Ay + As + Ds + Dy

1203 | A1 + Ay + A5+ Dio

‘168 ‘ As + Dg + D7

1204 | 2A; + Ay + Dy

169 | 2A; +2 Dy

(205 [ A + D5 + D

| 170 | 2 Ay + 2 A3 + Dy | 206 | Dg + D12
| 171 | 2 A5 + Ds 207 | Ay + Ay + Di3
17224, + A3+ As + Ds | [ 208 ] A5 + D13
| 173 | Ay + Ay + As + Ds | 209 | D5 + D13

|238 ‘ A3+A9—|—E6

72| Ay + A7+ Ex

1305 | 2 A1 + Ay + Ag | Es

(306 | A1+ As + A 4 i

1239 | 2A; + Ay + Fy

73 | A+ Ay + As + B

| 240 | Ay + Ay + E

2
2
2
271 | Ay + A3+ A7 + Er
2
2
2

74|A3+A8+E7

| 307 | Ay + Ag + Ex

241 | A1 + A1 + Eg

| 308 [ A1+ Ay + Ay

| 275 | 2A1+A9—|—E7

| (300 [ 24, + As + B}

L [310 [ A2 + Ag + Eg]

| 174 | 2 Ay + Ag + Ds

1210 | 2 A5+ Dyy

|242 ‘ Aq9 + Eg
|243‘A3+A4+D5+E6 277 | Ay + Ao + E7
| 244 | Ay + As + D5 + Es

(311 A + Ay + EY

[312] Ao+ Bs |

‘175 ‘ A1+ As + A7 + Dg

| 211 | 2 Ay + Ay + Dy

| 245 | A7 + D5 + Eg

78 | A1+ Er

[ [(313[2Ds + Es |

‘176 ‘ Ay + Ag + Dg

|212 | A1+ A3z + Dy

| 246 | Ds + 2 Eg

79[ Dy +2E;

| |314|A1+A4+1P5+E8

| |315|A5+D5+E8

| |316 | 2A2+D6‘I‘E8

| | 317 | Ay + Ds +[E8

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
(20224, + 245 + D1y |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

| |318|A1+A2+ID7—|—E8

|
|
|
|
|
|
|
|
|
|
|
- Eg |
|
|
|
|
|
|
|
|
|
|
|

(319 A; + Do ¢ Es

320 ( Do + Es =

(177 [2Ds + Ds [213] Ay + Dua (247 Ay + Ay + Dg + Eg 80 | A> + Ay + D5 + Ex
(178 [ A, + A3 + Do + Ds | [214] A+ A; + Dys (248 Ag + Dg + Ee 81| A1+ As + D5 + Ex
(179 [ 2Dy [215[ 2 A, + Dyg (249 | Ay + Ay + D7 + Eg 82 | Ag + D5 + Er
180 [ Ay +2A3+ As+ Dy | [216 ] Ay + Dy | 250 | D5 + D7 + Eg 83 | Ay + As + D¢ + Er
‘181‘A1+A3+A5—|—D9 |217|A1+D17 |251‘A4+D8—|—E6

(182 A4 + A5 + Dy (28(Dis ) [ [252] A+ A+ Dy + By 85 | D5 + Do + Er
[183[ Ay + Ay + Ag+ Dy [ [219]3FEs [253 ] A3 + Dy + E 86 | A1 + A3 + D7 + Ex

| 184 [ 24, + A7+ Dy

220 | 2 A5 + 2 Eg

21 | A7 F A3 + Es + Es

| 254 | Ay + D11 + F

87|A4—|—D7—|—E7

22 | Ay + Eg + Eg

‘185 ‘ Ay + Ag + Dy

| 255 | D1o + Eg

88 | A1+A2+D8+E7

(186 [ Ay + Dy

1222 | Ay + A5 + 2 F,

| 256 | 24, + 2 E;

89 | Ay + Dg + E

24 | Ay + Ay + Er + By

‘187‘A4+D5—|—D9

|
|
|
|

|223 | As +2A5 + Es

|257‘A1+A3—|—2E7

|2
|2
|2
|2
|2
|2
| 284 | A5 + Dg + E7
|2
|2
|2
|2
|2
|2

90 | A1+ Do+ Er

3
13
1323 | Dy + Es + Eg
13
13

25 | Az + E7 + Eg




Shimada Zhang 00

11 ‘A1+A3+A4+2A5

42 12 A, + 2 Ag

|12 | A+ Ao +2 A3 + Ay + Ay

100 | Ay + Ay + Ajs

74 | A+ A+ As + Ay

EEZDN

3 ‘A1+3A2—|—A3—|—A8

| 14 [ 24, +2 A + 2 Ag

4 ‘ 2A1 +2A4 + Ag

| 128 | 24, + Ay + Ag + D5

| No | by | No | > ||NO| E | | No | )J | | No | by |
[1(6A;) T1 [34 [ A + Ay + As + As + A7 | | 65 | As + Ag + Ag [ [ 92 [24, +As+ A, 120 [ A2 + A5 + Ag + Ds

(2 (24, 144, (35 [2A; + Ay + A5 + A, | | 66 [ Ax + A7 + Ag |

| 3 |24,4+2A5+2A, 36 | Ay + Ay + As + A | 67 | A1+ As + Ag | | 93 | Ay + Ay + Ay | | 121 | Ay + A7 +2 D5 |
| 4 [3A1+34; | 68 | Ay +2 A3+ Ay | | 94 | A+ As + Ay | | 122 | Ay + Ay + As + A7 + Ds |
| 5 [4A+245 | 37 | A1 +2 A, + Ag + A7 ||69|A1—|—2A2+A3+A10| | 95 | Ag + Ay | 123 [ 24, + Ay + A7 + D5 |
| 6 [A3+345 (38 [2A1+As+ A+ A7 [ [70 [24, + Ay [ [96 [ A1 +24; + Aus [ [124] A5 +2D;5 |
| 7 |2A14+2A3+24;5 |39 | Ay + Az + Ag + A7 | 71 2 A5 + Ay + Aro 125 | Ay + Ay + As + Ds

| 8 | A1 +2A,+ A5 +2 45 40 [ Ay + Ay + Ag + A7 | 97 [3A; + Ay + Ay

|9 [24,+245 [72 (24, + A5 + A4 + Ay | | 98 | 2A; + Az + A3 | 126 | A5 + As + Ds

(10 [24,+ Ay +245 [ 41 [ A5 + Ao + Ar | [73 [ Ast A3+ Ast Ao | [99 [ A2+ A5 + Asg (127245 + A9 + D

|

1129 | Ay + A5+ Ag + D5

| [130] Ay + Ag + D5

75 | Az + As + Aqo

| 15 | 243+ 2 A

5|34+ Ay + Ag

| 101 | A5 + Ay

| |131|A1+A2+A10+D5

| 102 ‘ 2A2+A14

| [132]241 + A+ Ds

‘ 16 ‘A2+A4+2A6

6 | Ay + Ay + As + Ay + Ag

| 76 | 2A; + Ag + Ay

| [ 103 | 2A; + A + Ay

| 17 |24+ Ay +2 Ay + Ag

7| A +2A5+ A5 + Ag

77 | Aa + As + Ao

18 | At + A3 +2 A4+ Ag

i | 133 | Ay + A1y + Ds

104 | A1+ A3+ Ay

134 | A1 + A2+ D5

9 ‘A1+A4+A5+A8

78 | A1+ A7+ Ao

‘ 19 ‘A2+2A3+A4+A6

024+ Ay + Ag + As

| 105 ‘ Ay + Aqy

[ 1135 ] A1z + Ds

| 106 | 341 + A5

[ 136 | 3Ds

120 [ A1 +2A5 + Ay + Ay + Ao

1 ‘A1+A3+A6+A8

9 | As + Aug

107 | Ay + As + Ass

| 21 |24, +2 A5 + Ag

2 ‘A4+A6+Ag

| 137 [ 2 A5+ 2 Dg

| [ 13824, +2A, + Dg

|22 | Ay +2A5+ A5 + Ag

| 4
| 4
| 4
| 4
| 4
| 48 | Ay + A3+ A5 + Ag
| 4
| 5
IE
| 5
| 5

3] A+ Ay + A7 + As

1|34 +2A+ Ay

| 108 | A3 + Ays

| [139] 24 +2A5+ Ds

23 | Ai+As+ Ay + As + Ag

54 | 2 Ag

7
80 | A +3A5 + A
8
8

2 |A1+2A3—|—A11

109 | 2 A, + Ass

83 | 242+ A3+ Ay

| 24 | A3+ Ay + As + Ag

[ [ 55 [ A1+ Ay + 245 + Ag

| 140 | Ay +2 A3 + As + Ds

|141 | As+ Ay + As + Dg

[ 110 | Ay + Ay

| [142] 246 + Ds

‘ 25 ‘4A1+2A7

‘ | 56 ‘ 2A1 +2A5 + Az + Ag

26 | 245 + 2 A7

57 | AL +2A4+ Ag

84 | 2A; + A2+ A3+ Ann |

111 | Ay + Aqr

| [ 143 [ Ay + Ay + Ag + Ds

| 144 | Ay +2 Ay + A7 + Ds

[ 58 [3A; + Ay + Ay + Ay

[ [ 112 | Asg

| 145 [ Ay + As + A7 + D

|27 | Ay + A3 + 2 A7

| [39 [ 241 + A3 + A4 + Ay

6 |A1—I-A2+A4—|—A11

[ [113[2A444+2Ds

| 28 | 241+ 3 A3+ A7

| [60 [ 24, + A5 + A5 + Ay

87 |2A1 4+ As + A

‘ 29 ‘A2+3A3-|—A7

| [61 [ AL+ A3 + 45 + 4y

| 30 | 2454+ As + Ay + A7

|

|

|

[ |85 [3A1+As+ Any
[ [ 8

|

|

_|114\A3+2A5+D5

|147|A4+A8+D6

| 115 | 244, + As + D5

|
| [146 [ A + Ay + A; £ Dg
|
|

148 | Ay + As + Ag + Dsg

62 | Ay + As + Ao

[ 31 [2A1 + Ap + Ay + Ay + A7

| 88 | Ao+ As + Apy

| |116 ‘ A1+A3+A4+A5+D5|

| 89 | A1+ As + A1y

| [117] Ay +2 A6 + Ds

|32 | Ay + 245 + A7

3|34+ As + Ag

| |149|A3—|—A9—|—D6

[ 33 [3A1+ A3+ A5 + Ay

| | 90 | 2A1 +2A9 + Ao

| |118 ‘ 2 A5+ A3+ Ag + Ds

|
|
| [6
[ [64 T A; + Ay + Ag + Ay

[ 150 | As + Ao + Dy

| [91 [ A + Ao+ A5 1 Ay

| |119‘A1+A2+A4—|—A6—|—D5| |151|A1+A11+D6




1
E_<1 %) Ar=1
1

(0,0,0,0,1,1,1,-3,0,0,0,0,1,1,1, —3)

(—3,1,1,1,0,0,0,0,-3,1,1,1,0,0,0,0)

Shimada Zhang 00

10 | 2 A, + Ay +2 45

| 41 ‘A5—|—A6+A7

| (73 [ A + A5 + A + Arg

11 ‘A1+A3—|—A4—|—2A5

42 |2 A, + 2 Ag

|12 | A+ Ao +2 A3 + Ay + Ay

99 | Ay + Az + Ay

| 127 | 2 Ay + Ag + D5

100 | Ay + Ay + Aqs

74| A1+ As + As + Ao

BGA) ]

3| A1 +3A434 Az + Ag

| 14 [ 24, +2 A + 2 Ag

4 ‘ 241 +2 A4+ Ag

| 128 | 24, + Ay + Ag + D5

| No | > |No‘ ) ||NO| )y ||No‘ )y | |N0| by ‘
[1(6A;) T1 [34 [ A + Ay + As + As + A7 | | 65 | As + Ag + Ag [ [ 92 [24, +As+ A, 120 [ A2 + A5 + Ag + Ds

(2 (24, 144, (35 [2A; + Ay + A5 + A, | | 66 [ Ax + A7 + Ag |

| 3 |24,4+2A5+2A, 36 | As + Ay + As + A~ | 67 | A1+ As + Ag | | 93 | Ay + Ay + Ay | | 121 | Ay + A7 +2 D5 |
| 4 |34,+345 [68 ] Ay +2 43 + Ay | | 94 | A+ As + Ay | | 122 | Ay + Ay + As + A7 + Ds |
| 5 [4A+245 | 37 | A1 +2 A, + Ag + A7 ||69|A1—|—2A2+A3+A10| | 95 | Ag + Ay | 123 [ 24, + Ay + A7 + D5 |
| 6 [As+34s [38[2Ai+ A5+ As+ A7 [ 70 | 24, + A [[96 [Ar+24; + A [ [124[ A5 +2D5 |
| 7 |2A14+2A3+24;5 |39 | Ay + Az + Ag + A7 | 71 2 A5 + Ay + Aro 125 | Ay + Ay + As + Ds

[ 8 JAI+2A,+ A3 +2 45 A+ As+ As + Ay | 97 [3A; + Ay + Ay

|9 [24,+245 [72 (24, + A5 + A4 + Ay | | 98 | 2A; + Az + A3 | 126 | A5 + As + Ds

| |

|

1129 | Ay + A5+ Ag + D5

| [130] Ay + Ag + D5

75 | A3+ As + Ao

| 15 | 243+ 2 A

5) ‘3A2+A4—|—A8

[101 [ A5 + Ay3

| |131|A1+A2+A10+D5

| 102 ‘ 2 A9 + Aa

| [132]241 + A+ Ds

(16 | Ay + A, + 2 4q

6 | Ay + Ay + As + Ay + Ag

| 76 | 2A; + Ag + Ay

| 103 | 2A; + Ay + Aqy

| 17 |24+ Ay +2 Ay + Ag

|
|
|
|
|
|
|
|
[ [0
|
|
|
|
|
|
|
|
|

7| A +2A5+ A5 + Ag

77 | Ay + Ag + Aqo

18 | A1 + A3 +2 A4 + A

i | 133 | Ay + A1y + Ds

104 | A1+ A3+ Ay

134 | A1 + A2+ D5

9 ‘A1+A4+A5+A8

78 | Ay + A7+ Aqp

‘ 19 ‘A2+2A3+A4+A6

0 ‘ 2A1+A2+A6—|—A8

| 105 ‘ Ay + Aqy

[ 1135 ] A1z + Ds

| 106 | 341 + A5

[ 136 | 3Ds

120 [ A1 +2A5 + Ay + Ay + Ao

1| Ay + Ag+ Ag + As

9 | As + Aug

107 | Ay + As + Ass

| 21 |24, +2 A5 + Ag

2 | Ay + Ag + As

| 137 [ 2 A5+ 2 Dg

- [138]245+2A,+ Dg

|22 | Ay +2A5+ A5 + Ag

| 4
| 4
| 4
| 4
| 4
| 48 | Ay + A3+ A5 + Ag
| 4
| 5
IE
| 5
| 5

3| A1+ A+ A7+ Ag

1 | 3A1 +2A2+ Ay

| 108 | A3 + Ays

| [139] 24 +2A5+ Ds

23 | Ai+As+ Ay + As + Ag

54 | 2 Ag

7
80 | A1 +342+ An
8
8

2 |A1+2A3—|—A11

109 2A1 + A16

83 | 2 A5 + A3z + Aqq

| 24 | Ag+ Ay + As + Ag

[ [ 55 [ A1+ Ay + 245 + Ag

| 140 | Ay +2 A3 + As + Ds

|141 | As+ Ay + As + Dg

([ 110 | Ay 4+ Ajgg

| [142]2 A6 + Ds

‘ 25 ‘4A1+2A7

‘ | 56 ‘ 2A1 +2A5 + Az + Ag

26 | 2 Ay + 2 A7

57 | AL +2A4+ Ag

84 | 2A; + A2+ A3+ Ann |

111 | Ay + Airy

| [ 143 [ Ay + Ay + Ag + Ds

| 144 | Ay +2 Ay + A7 + Ds

[ 58 [3A; + Ay + Ay + Ay

[ [ 112 | Asg

| 145 [ Ay + As + A7 + D

| 27 [ Ay + A5+ 2 A7

| [39 [ 241 + A3 + A4 + Ay

6 |A1—I-A2+A4—|—A11

[ [113[2A444+2Ds

| 28 | 241+ 3 A3+ A7

| [60 [ 24, + A5 + A5 + Ay

87 | 2A1 + As + Ay

‘ 29 ‘A2+3A3-|—A7

| [61 [ AL+ A3 + 45 + 4y

| 30 | 2454+ As + Ay + A7

|

|

|

[ |85 [3A1+As+ Any
[ [ 8

|

|

[ | 114 | A3 +2A45 + Ds

|147|A4+A8+D6

| 115 | 244+ A5+ Ds

|
| [146 [ A + Ay + A; £ Dg
|
|

148 | Ay + Ay + Ag + Dg

62 | Ay + As + Ag

[ 31 [2A1 + Ap + Ay + Ay + A7

| 88 |A2+A5+A11

| |116 ‘ A1+A3+A4+A5+D5|

| 89 |A1+A6+A11

| [117 [ Ay + 2 A6 + Ds

|32 | Ay + 245 + A7

3 ‘3A1+A6—|—A9

[ [149 [ As + Ay + Dg

[ 33 | 341+ A3+ A5 + A7

| | 90 | 2A1 +2A9 + Ao

| |118 ‘ 2A2 4+ A3z + A + D5

|
|
6
[ [ 64 [ Ay + Ay + Ag + Ag

[ 150 | As + Ao + Dy

| [91 [ A + Ao+ A5 1 Ay

| |119‘A1+A2+A4—|—A6—|—D5| |151|A1+A11+D6




1
E_<1 %) Ar=1
1

(0,0,0,0,1,1,1,-3,0,0,0,0,1,1,1, —3)

(—3,1,1,1,0,0,0,0,-3,1,1,1,0,0,0,0)

Shimada Zhang 00

10 | 2 A, + Ay +2 45

| 41 ‘A5—|—A6+A7

| (73 [ A + A5 + A + Arg

11 ‘A1+A3—|—A4—|—2A5

42 |2 A, + 2 Ag

|12 | A+ Ao +2 A3 + Ay + Ay

99 | Ay + Az + Ay

| 127 | 2 Ay + Ag + D5

100 | Ay + Ay + Aqs

74| A1+ As + As + Ao

BGA) ]

3| A1 +3A434 Az + Ag

| 14 [ 24, +2 A + 2 Ag

4 ‘ 241 +2 A4+ Ag

| 128 | 24, + Ay + Ag + D5

| No > |No‘ ) ||NO| )y ||No‘ )y | |N0| by ‘
[1(6A;) T1 [34 [ A + Ay + As + As + A7 | | 65 | As + Ag + Ag [ [ 92 [24, +As+ A, 120 [ A2 + A5 + Ag + Ds

(2 (24, 144, (35 [2A; + Ay + A5 + A, | | 66 [ Ax + A7 + Ag |

| 3 |24,4+2A5+2A, 36 | As + Ay + As + A~ | 67 | A1+ As + Ag | | 93 | Ay + Ay + Ay | | 121 | Ay + A7 +2 D5 |
| 4 |34,+345 [68 ] Ay +2 43 + Ay | | 94 | A+ As + Ay | | 122 | Ay + Ay + As + A7 + Ds |
| 5 [4A+245 | 37 | A1 +2 A, + Ag + A7 ||69|A1—|—2A2+A3+A10| | 95 | Ag + Ay | 123 [ 24, + Ay + A7 + D5 |
| 6 [As+34s [38[2Ai+ A5+ As+ A7 [ 70 | 24, + A [[96 [Ar+24; + A [ [124[ A5 +2D5 |
| 7 |2A14+2A3+24;5 |39 | Ay + Az + Ag + A7 | 71 2 A5 + Ay + Aro 125 | Ay + Ay + As + Ds

[ 8 JAI+2A,+ A3 +2 45 A+ As+ As + Ay | 97 [3A; + Ay + Ay

|9 [24,+245 [72 (24, + A5 + A4 + Ay | | 98 | 2A; + Az + A3 | 126 | A5 + As + Ds

| |

|

1129 | Ay + A5+ Ag + D5

| [130] Ay + Ag + D5

75 | A3+ As + Ao

| 15 | 243+ 2 A

5) ‘3A2+A4—|—A8

[101 [ A5 + Ay3

| |131|A1+A2+A10+D5

| 102 ‘ 2 A9 + Aa

| [132]241 + A+ Ds

(16 | Ay + A, + 2 4q

6 | Ay + Ay + As + Ay + Ag

| 76 | 2A; + Ag + Ay

| 103 | 2A; + Ay + Aqy

| 17 |24+ Ay +2 Ay + Ag

|
|
|
|
|
|
|
|
[ [0
|
|
|
|
|
|
|
|
|

7| A +2A5+ A5 + Ag

77 | Ay + Ag + Aqo

18 | A1 + A3 +2 A4 + A

i | 133 | Ay + A1y + Ds

104 | A1+ A3+ Ay

134 | A1 + A2+ D5

9 ‘A1+A4+A5+A8

78 | Ay + A7+ Aqp

‘ 19 ‘A2+2A3+A4+A6

0 ‘ 2A1+A2+A6—|—A8

| 105 ‘ Ay + Aqy

[ 1135 ] A1z + Ds

| 106 | 341 + A5

[ 136 | 3Ds

120 [ A1 +2A5 + Ay + Ay + Ao

1| Ay + Ag+ Ag + As

9 | As + Aug

107 | Ay + As + Ass

| 21 |24, +2 A5 + Ag

2 | Ay + Ag + As

| 137 [ 2 A5+ 2 Dg

- [138]245+2A,+ Dg

|22 | Ay +2A5+ A5 + Ag

| 4
| 4
| 4
| 4
| 4
| 48 | Ay + A3+ A5 + Ag
| 4
| 5
IE
| 5
| 5

3| A1+ A+ A7+ Ag

1 | 3A1 +2A2+ Ay

| 108 | A3 + Ays

| [139] 24 +2A5+ Ds

23 | Ai+As+ Ay + As + Ag

54 | 2 Ag

7
80 | A1 +342+ An
8
8

2 |A1+2A3—|—A11

109 2A1 + A16

83 | 2 A5 + A3z + Aqq

| 24 | Ag+ Ay + As + Ag

[ [ 55 [ A1+ Ay + 245 + Ag

| 140 | Ay +2 A3 + As + Ds

|141 | As+ Ay + As + Dg

([ 110 | Ay 4+ Ajgg

| [142]2 A6 + Ds

‘ 25 ‘4A1+2A7

‘ | 56 ‘ 2A1 +2A5 + Az + Ag

26 | 2 Ay + 2 A7

57 | AL +2A4+ Ag

84 | 2A; + A2+ A3+ Ann |

111 | Ay + Airy

| [ 143 [ Ay + Ay + Ag + Ds

| 144 | Ay +2 Ay + A7 + Ds

[ 58 [3A; + Ay + Ay + Ay

[ [ 112 | Asg

| 145 [ Ay + As + A7 + D

| 27 [ Ay + A5+ 2 A7

| [39 [ 241 + A3 + A4 + Ay

6 |A1—I-A2+A4—|—A11

[ [113[2A444+2Ds

| 28 | 241+ 3 A3+ A7

| [60 [ 24, + A5 + A5 + Ay

87 | 2A1 + As + Ay

‘ 29 ‘A2+3A3-|—A7

| [61 [ AL+ A3 + 45 + 4y

| 30 | 2454+ As + Ay + A7

|

|

|

[ |85 [3A1+As+ Any
[ [ 8

|

|

[ | 114 | A3 +2A45 + Ds

|147|A4+A8+D6

| 115 | 244+ A5+ Ds

|
| [146 [ A + Ay + A; £ Dg
|
|

148 | Ay + Ay + Ag + Dg

62 | Ay + As + Ag

[ 31 [2A1 + Ap + Ay + Ay + A7

| 88 |A2+A5+A11

| |116 ‘ A1+A3+A4+A5+D5|

| 89 |A1+A6+A11

| [117 [ Ay + 2 A6 + Ds

|32 | Ay + 245 + A7

3 ‘3A1+A6—|—A9

[ [149 [ As + Ay + Dg

[ 33 | 341+ A3+ A5 + A7

| | 90 | 2A1 +2A9 + Ao

| |118 ‘ 2A2 4+ A3z + A + D5

|
|
6
[ [ 64 [ Ay + Ay + Ag + Ag

[ 150 | As + Ao + Dy

| [91 [ A + Ao+ A5 1 Ay

| |119‘A1+A2+A4—|—A6—|—D5| |151|A1+A11+D6




17



* We got the 325 groups!!

17



* We got the 325 groups!! (actually still missing 2 groups)

17



* We got the 325 groups!! (actually still missing 2 groups)

* And nothing else...!!

17



* We got the 325 groups!! (actually still missing 2 groups)
* And nothing else...!!

* Confirms duality with F-theory

17



* We got the 325 groups!! (actually still missing 2 groups)

* And nothing else...!!
* Confirms duality with F-theory

* Do these group fit in a generalized Dynkin diagram?

17



* We got the 325 groups!! (actually still missing 2 groups)
* And nothing else...!!

* Confirms duality with F-theory

* Do these group fit in a generalized Dynkin diagram?

* Not one with less than 24 nodes

17



* We got the 325 groups!! (actually still missing 2 groups)
* And nothing else...!!

* Confirms duality with F-theory

* Do these group fit in a generalized Dynkin diagram?

* Not one with less than 24 nodes

* A diagram with 24 nodes fits more groups than those

17



* We got the 325 groups!! (actually still missing 2 groups)

* And nothing else...!!

* Confirms duality with F-theory

* Do these group fit in a generalized Dynkin diagram?

* Not one with less than 24 nodes

* A diagram with 24 nodes fits more groups than those

* A diagram with 24 nodes cannot have all real roots

17



* We got the 325 groups!! (actually still missing 2 groups)

* And nothing else...!!
* Confirms duality with F-theory
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* Not one with less than 24 nodes

* A diagram with 24 nodes fits more groups than those
* A diagram with 24 nodes cannot have all real roots

+ Is there a generalized Dynkin diagram for [''%? 2
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Effective actions

Massless states bosonic string
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Fields of reduced theory for bosonic string
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Fields of reduced theory for bosonic string
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Fields of reduced theory for heterotic string
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Effective action from string theory for heterotic string

Computing 3-point functions <VV V> at a point of enhancement we read off
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Conclusions

e Effective action:

O(p,q)-covariance
p=q=n for bosonic string n=dimension of G (rank d simply-laced group)

p=n, q=k for heterotic string n=dimension of G (rank d+16 simply-laced group)

* A, Al n+n non-abelian vectors, M/ nZscalars in adj x adj for bosonic

e Al Am n non-abelian+d abelian vectors, M'm n x d scalars for heterotic

* M3 potential in the bosonic theory

* M4 potential in the heterotic theory

* Higgs mechanism describing symmetry breaking
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DFT description

DFT O(N,N) action Hull & Zweibach 09

1 1
S — /dX (—5’MN7-[MN -+ éHMNE?M”HKLE?NHKL — §HMN8MHKL8KHNL>

. M=1,...,N+N
Equivalent to
. L. Coimbra, Strickland-
S = / dX R generalized Ricci scalar Constable, Waldram 09
Generalized Scherk-Schwarz reduction of DFT action
HMN — 5ABEAMEBN EA(ZIJ, Yy, g]) — UAA/(x) EA,(y) g) N-DE_
N-D=n
_ Al
O(N,N)— O(D,D) x O(n-D;i-D) O = (f}g 3 G 27)
external internal D n+ﬁ



E4 (337 Y, ?j) — UAA/(x) Ex/‘l’(y’ g)



Ex(z,y,0) = Usa™(2) Ey(y.7) H = F'E
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Ea(z,y,79) = Us¥(2) Ey(y,9) Y — F'E = B"UTUE' = E'"ME'

1 1
L = R— 5 HuH" + 2 M P E, 4+ (DuM) (D" M)

1
_EfIJKfLMN (MILMJMMKN . SMILnJMnKN 4 277[L77JM77KN)

Aldazabal, Baron, Marques, Nunez | |
Geissbuhler 11

H = dB+ F!'AA;

FLo= dAL 4| f1,d A7 A AK

B}, Exle = flux B




Ea(z,y,79) = Us¥(2) Ey(y,9) Y — F'E = B"UTUE' = E'"ME'

1 vo L v
L = R-— —prpH“ p"‘ZMIJFIM F/LJV+<DMM)IJ(DHM)[J

12

1
_EfIJKfLMN (MILMJMMKN . SMILnJMnKN 4 277[L77JM77KN)

Aldazabal, Baron, Marques, Nunez | |
Geissbuhler 11

H = dB+ F' A A;

' = dA" +

flix

AT AN AR

B Elle = flikE)

Claim: this action reproduces the string theory action for compactifications
of bosonic and heterotic on T4 close to enhancement point
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Let’s look at internal piece only : O(d,d(+16))

Frame E,M—E M=1,...,d+d for bosonic
M=1,....d+d+16 for heterotic

E=FEy+0E = (1+0F E; ") E E(z,y) =U(z)E'(y) (B, Exle = [l By
1 \ /\_Y_)
: Y
constant U(z) E'(y)
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Frame E.M—F M=1.. n+n e for bosonlc.: n_=n= dim .of group Gpos of rank d
e for heterotic n=d, n=dim of group Gnet of rank d+16

d  {(+16)
Yrs Y1 “Double coordinates”: only the Cartan directions: d+d(+16)

y
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E(z,y) = Uz)E'(y)
H = E'E = B"(y) M(2)E'(y)
Ut T E, Elle = fliE

1
M = (I” + 3 MM M ) E’ such that
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What about E? [E,J, E}(]C = fIJKE}{

1
Vi, Vale = 5(5‘/1‘/2 — Lv,V1) C-bracket

(L:Vl ‘/2)] — ‘/Baj ‘/2] (81‘/1J — aj ‘/1]) ‘/72‘] generalized Lie derivative

n = d[(+16)\+ 2p

Cartans Roots T

The following E’ does the job for SU(2) algebra

/ VI g )
E = 0 eV fIJK:Z.\/iE—I——S

Straightforward generalization to SU(2)d

left and right split
discuss the left part
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What about other enhancement groups!?

- oo o0 SU(2)* x SU(2)?

bosonic -0 -0 SU(S) X SU(S) 3 positive roots : 2 simple, | non-simple

I I
for simple roots [Eow E—a] =a-H

same construction \/

L] L] L] L] / —
Deformed generalized Lie derivative - . |EL Hy =a™
EO( ~Y e’LOé yLE ezy

for non simple roots no coordinate associated

still | B, Lo, Hp = (00 + )™ \/

/ /B I
Cocycle tensor but [qu? Eozg] R Eoz1+a2 22?

does not arise from any
obvious extension of the

(—1)**" Spupin if two roots are positive previous construction

Z:EIEJ = Lp, E;+ Q" Ex

Ok =
a3y —(=1)*F 04151,  if two TOOtS are negative

This reproduces [ 3, E}(]@: f[JKE}( for any group

Heterotic SO(32) and E8 x E8 have exactly the same cocycles !

Supports idea that heterotic SO(32) and E8 x E8 different vacua of same theory  Dixon, Harvey,Vafa, Witten 86
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Conclusions
* DFT description

* Enhancement of symmetry — extend generalized tangent space O(adj G, adj G)

* By appropriate generalized Scherk-Schwarz reduction of DFT action we
fully recover string theory action

* Frame (determines truncation) depends on y™and §™

violates weak constraint .

' : —— (02 — 02 )EA™ = (N — N)EA™
satisfies level-matching 4290 YR

* For groups with non-simple roots we modified the bracket by cocyle tensor

* For T4, is there a vielbein depending on Cartan coordinates only that satisfies
algebra under ordinary bracket!?
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