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Symmetries

Perturbative Narain compactifications: [[¢+5d ¢y Tdtxd — Rdtxd 86 Rlar

Symmetries: Sym(T**54) := Aut(T**9) n (O(d + x,R) X O(d, R)) .

Automorphism 6 & Aut(FdJ“x;d) integral matrix such that SOS~' € O(d + x,d, Z)
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0 = (QL; HR) A .
Symmetric symmetric
Action Action
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[8/" Narain, Sarmadi, Vafa] [88" Harvey, Moore, Vafa]



Symmetries

Perturbative Narain compactifications: [[¢+5d ¢y Tdtxd — Rdtxd 86 Rlar

Symmetries: Sym(T**54) := Aut(T**9) n (O(d + x,R) X O(d, R)) .

Automorphism 6 & Aut(FdJ“x;d) integral matrix such that SOS~' € O(d + x,d, Z)

. 0, # 0
- 0 = (6,6 e
Symmetric Asymmetric
Action // / Action
Crystallographic Symmetry Quasicrystalograhic Symmetry
0r, 0; automorphisms 05, 0; not separately automorphisms

[8/" Narain, Sarmadi, Vafa] [88" Harvey, Moore, Vafa]



he location of the symmetry in the target torus T¢ = R%/2xA ; is at special locations with

G;;, B;; fixed
5
T o
For Z, we have G; = o , Bi=a’
3 1
g -
2

S0 this models are rigid where all internal radi are fixed



Quasicrystalline Symmetry

PL.PPh PRI E L &

Center of ellipsis: (pg,pl%)

Orientation and length: (pé,pl%)

No translation symmetry



Quasicrystalline Orbifolds

» Choose the starting point: lIA, 1B, Heterotic
» Choose your symmetry: 8 = (exp(2zigh; ), exp(2rigy))

. Find your even self-dual lattice: T'”""(g)/T°*1*P(g)

e [wist by Va 181, 8r] = [exp(2ri¢h;), exp(Lrighp)] } [Di g e “MPLVLPRVR) | 8 Pi:8r Pr

» Choose the shift: (VLa VR)

» Ensure level matching: N(E; — Ep) € Z

£ L ompute spectrum



Let’s start with |6 supercharges



Where can non-geometric constructions help us?

Supersymmetric Landscape
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Possible ranks in 16 Qs .

Boct cf al]

Vontero, Vafa]

[19' Kim, HCT, Vafa]
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[ 23" Baykara, Hamada, HCT, Vafa]

Theta angle

|22 Monitero, Parra de
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(98" Dabholkar, Harvey]

String islands
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[22' Fraiman, Parra de Frertas]

Realize all K3 orbifold points  [12' Gaberdiel, olpato]

Large discrete gauge symmetries!
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[ 23" Baykara, Hamada, HCT, Vafa]

Theta angle

|22 Monitero, Parra de
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Check Hector’s talk on Thursday

[22' Fraiman, Parra de Frertas]
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First Interesting example

K3 sigma model moduli space:

i
|

My = OTHN\0(4,20)/0(4) X 0(20) ,
»ﬁ \ \
! RR charges NSNS B,G fields

Classify susy preserving automorphisms |1 Gaberdiel Vel

e.g. orbifold quantum symmetries
(89" Vafa]



First interesting example

K3 sigma model Is expected to have the following symmetries:

Cog-class | 1A 2B 2C 3B 3C 4B 4E 4F 5B 5C 6G 6H 6I 6K 6L 6M 7B
dmfix |24 16 8 12 6 8 10 6 8 4 6 6 6 8 4 4 6
Troa(g) (24 8 -8 6 -3 8 4 —4 4 -1 -4 4 5 2 -2 -1 3
o(,0) |24 24 0 24 0 24 24 0 24 0 0 24 24 24 0 0 24

Cog-class | 8D 8G 8H 9C 10F 10G 10H 11A 12 12L 12N 120 14C 15D
dmfix | 4 6 4 4 4 4 4 4 4 4 4 4 4 4
o(r,0) |24 24 0 24 0 24 24 24 24 24 0 24 24 24

[ | 2" Gaberdiel,Volpato]



First interesting example

K3 sigma model Is expected to have the following symmetries:

Cop-class | 1A 2B 2C 3B 3C 4B 4E 4F 5B 5C 6G 6H 6I 6K 6L 6M 7B
dimfix |24 16 8 12 6 8 10 6 8 4 6 6 6 8 4 4 6
Troa(g) |24 8 -8 6 -3 8 4 -4 4 -1 -4 4 5 2 -2 —1 3
H(r,0) |24 24 0 24 0 24 24 0 24 0 0 24 24 24 0 0 24

Cog-class | 8D 8G &8H 9C 10F 10G 10H 11A 12 12L 12N 120 14C 15D
dmfix | 4 6 4 4 4 4 4 4 4 4 4 4 4 4
Troa(g) | 4 2 -2 3 -2 2 3 2 2 1 -2 2 1 1
o(r,0) |24 24 0 24 0 24 24 24 24 24 0 24 24 24

[ | 2" Gaberdiel,Volpato]



Coyp-class
dim fix
Tr24(9)
¢(,0)

Cog-class
dim fix
Tra4(9)
¢(r,0)

First interesting example

K3 sigma model Is expected to have the following symmetries:

1A 2B 2C 3B 3C 4B 4E 4F 5B 6G 6H 61 6K 6L 6M 7B
24 16 8 12 6 &8 10 6 8 6 6 6 &8 4 4 6
24 8 -8 6 -3 8 4 -4 4 -4 4 5 2 -2 -1 3
24 24 0 24 0 24 24 0 24 0 24 24 24 0 0 24
8D 8G 9C 10G 10H 11A 12I 12L 120 14C 15D
4 6 4 4 4 4 4 4 4 4 4
4 2 3 2 3 2 2 1 2 1 1
24 24 24 24 24 24 24 24 24 24 24

Toroidal Orbifold

Quasicrystals!!

[ | 2" Gaberdiel,Volpato]



First interesting example

() = 16 Quasicrystalline Orbifolds

Dimension Lattice Twist ITA IIB
[2°T2%[11] Zs - (1,1;2,2)/5
] [T [11] Zg :(1,1;3,3)/8 | N = (1,1) | N = (2,0)
[ T3 [11] Zio: (1,1;3,3)/10 | G+20V | G+ 21T
or%; Z1s: (1,1;5,5)/12

- —_— pa— pa— —_ e pa— —_ —

e e e— — — m— m— m— m— m— — — —

- — — — — — — — —




First interesting example

K3 Moduli space

[89" Eguchi, Ooguri,, Taormina, Yang]

@ = 16 Quasicrystalline Orbifolds
Dimension Lattice Twist ITA IIB
[2°T2%[11] Zs :(1,1;2,2)/5
] [T [11] Zg :(1,1;3,3)/8 | N = (1,1) | N = (2,0)
| AP TS Zio: (1,1;3,3)/10 | G +20V | G+ 21T
or%; Z1s: (1,1;5,5)/12
Quasicrystalline orbifold Q charges Cop class | T'4?0 | Symmetries
Zis (1°,2°)/5 5C HM122 | 52 :7Z,
28 (1%2,2°%,3%,4°)/8 8H HM143 Zg. 705
AT (1,2°3,3%,4%,5%)/10 10F HM159 Dy
AD, (1,2,3%,43,5,6%)/12 12N HM157 Dy,

'89' Vafa]

[2 1" Baykara, Harvey] [ 15 Hoehn, Mason]



First interesting example

@ = 16 Quasicrystalline Orbifolds
Dimension Lattice Twist ITA IIB
[2°T2°[11 Zs :(1,1;2,2)/5
i r22022111) | Zg : (1,1;3,3)/8 [N = (1,1) | N = (2,0) K3 Moduli space
[ Tig (11 Z10:(1,1;3,3)/10 | G+20V | G+21T (89" Eguchi, Ooguri,, Taormina, Yang]
or%; Z1s: (1,1;5,5)/12

There are also points in the K3 moduli space that are not quasicrystalline orbifold points, but are
dual to heterotic quasicrystalline




First interesting example

@ = 16 Quasicrystalline Orbifolds
Dimension Lattice Twist ITIA IIB
[2°T2°[11 Zs :(1,1;2,2)/5
i r22022111) | Zg : (1,1;3,3)/8 [N = (1,1) | N = (2,0) K3 Moduli space
[ Tig (11 Z10:(1,1;3,3)/10 | G+20V | G+21T (89" Eguchi, Ooguri,, Taormina, Yang]
or%; Z1s: (1,1;5,5)/12

There are also points In the K3 moduli space that are not quasicrystalline orbifold points, but are
dual to heterotic quasicrystalline

They are obtained by the orbifold of the LG model

2 g
W=—2 +2 +2

(89" Vafa]

- - 2:10
Corresponds to a Z 4, quasicrystal with 217,



Free action

Q) = 16 Quasicrystalline Orbifolds

oryy + T | Zyy: (1,1;5,5)/12

Dimension Lattice Twist ITA IIB
[2°T2%[11 Zs - (1,1;2,2)/5
] [T 11 Zs :(1,1;3,3)/8 | N = (1,1) | N = (2,0)
3T Hr[11 Zio: (1,1;3,3)/10 | G420V | G+ 21T
or%, Z1s: (1,1;5,5)/12
2 T?[11]) + T8 | Zs @ (1,1;2,2)/5
i To°T2?[11] + T8 | Zg :(1,1;3,3)/8 N =
T2 T3 [11] + T8 | Zyg ¢ (1,1;3,3)/10 G+1V

K3 Moduli space

String Islands?

(98" Dabholkar, Harvey]
[22’ Fraiman, Parra de Frertas]

2407 X0
[Baykara, Parra de Freitas, HCT ]

Check Hector’s talk on Thursday






Where can non-geometric constructions help us?

Non-Supersymmetric Landscape

L andscape of tachyon free theories

Minimize number of moduli?



10d Example

*Heterotic O(16) X O(16) string

[Dixon, Harvey; Alvarez-Gaume, Ginsparg, Moore, Vafa]

positive leading cosmological constant, chiral matter, no tachyons and one neutral scalar



How about ind < 107

eterotic O(16) X O(16) string on S' — 8 special points with no tachyons and A > 0

|23 Fraiman, Grana, Parra de Freitas, Sethi]

How aboutind = 47



4d Non-Susy Zs Quasicrystalline orbifold

Massless Spectrum

SO(10) x SU(5) x SU(3) x SU(2) x U(1)* reps

Sector

Complex scalars

Left handed Weyl fermions

Untwisted

(1,1,1,1)0,0,0,0
3(16,1,1,1)0,0,0,—15
3(10,1, 3, 1)0,0,0,10
3(1,5,1,1)-2,-10,—2,0
3(1,10,1,2) 15 10
3(1,1,1,2)5, 55,0

9(1,1,1,1)0,0,0,0
(16, 1, 1, 1)0’0,0’—15
(10, 1, g, 1)0,0,0’10
(1,5,1,1)_2,-10,—2,0
(1,10,1,2)_15-1,0
(1,1,1,2)5 5,50
3(16, 1,3, 1)0,0,0,5
3(1,10,1,1) 40 —a.0
3(1,1,3,1)0,0,0,—20
3(1,5,1,2)3 5.3.0
3(1,5,1,1)2,10,2,0

g+g

15(1,1,1,2)_1,—3,-1.12
15(1,1,1,1)_2.7.1.12
15(1,1,1,1)0.7.—3.12
5(1,1,1,2)1,-3,-5,12
5(1,1,1,2)_3,33,12
5(1,5,1,1)2.2.2 12
5(1, 51, 1)2 3,112
5(1,5,1,1)0,-3,3,12
5(1,1, 3, 2)_1,-3,-1,-8
5(1,1,3,1)0.7,—3. -8
5(1, 1, §, 1)—2,7,1’—8

15(1,1,3,1)4,-1,1,4
15(1,1,3,1)2, 15,4
15(1,1,3,1)—2, 6, —2.4

5(1,1,3,1)4,-1.1.4
5(1,1,3,1)2, 1,54
5(1,1,3,1)—2,-6,—2.4

. Narain Lattice: 1'(£g) @ LI %’2 D F§’2F§’2

. Twist by: ¢ = (4,4,4,0%,2,2,2)/5

- Shift by: v = (2,0,3,0,1,4,0,0,4,3,0,3,3,3,4,0)/5

No tachyon at tree level



4d Non-Susy Zs Quasicrystalline orbifold

Massless Spectrum

SO(10) x SU(5) x SU(3) x SU(2) x U(1)* reps

Sector Complex scalars Left handed Weyl fermions
(1,1,1,1)0,0,0,0 9(1,1,1,1)0,0,0,0
3(16a 1) 1, 1)0,0,0,—15 (16, 1, 1, 1)0’0,0’_15

3(10, 1, 3, 1)0,0,0,10 (10, 1, 3, 1)0,0,0,10 '
( hicat Mater ®®

3(1)57 1) 1)—2,—10,—2,0 (1,5, 1, 1)_2,_10’_2,0
3(1,10,1,2) 15— 1,10,1,2) 15 _
Untwisted ( ) 1,5,—1,0 ( ) 1,5,—1,0

3(17 1’ 172)5,_5,5,0 (1’ 17172)5,_5,5a0

3(16,1,3,1)0,0,0,5 >
3(1,10,1,1)_40,-4,0
3(1,1,3,1)0,0,0,—20

3(1,5,1,2)353.0
3(1,5,1,1)2 10,20
15(1,1,1,2) 1 3 1,12
15(1,1,1,1) 27,112
15(1,1,1,1)0,7,—-3,12
5(1,1,1,2)1, 3,512
5(1,1,1,2)_3,-3.312

g+4g"
5(1,5,1,1)2.2.2.12
5(1,5,1,1)2 31,12
5(1,5,1,1)0,-3,3,12
5(1,1,3,2) 13518
5(1,1,3,1)0.7 —5 s
5(1,1,3,1) 2715

R EECE Ry 5(1,1,3,1)4,-1,1.

7 +3° | 15(1,1,3,1)21.5.4 5(1,1,3,1)2.—1.54

15(1,1,3,1)—2, 6, —2.4 5(1,1,3,1)_2,6,-2,4




4d Non-Susy Zs Quasicrystalline orbifold

Massless Spectrum

SO(10) x SU(5) x SU(3) x SU(2) x U(1)* reps

Sector Complex scalars Left handed Weyl fermions
(1,1,1,1)0,0,0,0 9(1,1,1,1)0,0,0,0
3(16, 1,1, 1)0,0,0,_15 (16, 1,1, 1)0,0,0,_15
3(10,1,3,1)0,0,0,10 (10,1,3,1)0,0,0,10 : = 'y
3(1,5,1,1) 1020 (L5,1,1)-2 1020 Chiral Matter ®® 4th U(1) 1s "anomalous
: 3(1,10,1,2)_15,-1,0 (1,10,1,2) _15—1,0
Untwisted S T
YRR 8(1,1,1,2)5 2550 (1,1,1,2)5,-5,5,0 ¥ @

3(16,1,3,1)0,0,0,5

3(1,10,1,1) _40,-4,0 j \/\

3(1,1,3,1)0,0,0,—20
3(1’ 9, 1) 2)3,5,3,0
3(1,5,1,1)2 10,20

15(1,1,1,2)-1,-3,-1,12 TF(Q4) # O, Tr(Qj) # O

15(1, 1,1, 1)_2,7,1,12
15(1, 1,1, 1)0,7,_3,12
5(1, 1, 1,2)1,_3,_5,12 :
5+ 5(1,1,1,2)_5 5,51 (areen-Schwalz mieehanisim
5(1,5,1,1)2.22.12
5(1’59 1, 1)2,—3,—1,12
5(1,5,1,1)0,-3.3.12

5(17 1’3’ 2)_1’_3,_15_8 B
5(1’ 17 3: 1)0,7,—3,—8

5(1,1,3,1) 071 s 0
- - 15(1,1,?, 1)4,_1,1,4 5(1,1,?, 1)4,_1,1,4 \/\
g +g 15(1,1,3,1)2,—15.4 5(1,1,3,1)2,-1,54
15(1, 1,3, 1)-2_6,—-24 5(1, 1,3, 1)-2 6,24

BAF,



4d Non-Susy Zs Quasicrystalline orbifold

Massless Spectrum

SO(10) x SU(5) x SU(3) x SU(2) x U(1)* reps

Sector

Complex scalars Left handed Weyl fermions

Untwisted

(1,1,1,1)0,0,0,0
3(16, 1, 1, 1)0’0,0,_15
3(10, 1, 3, 1)0,0,0,10
3(1, 5, 1, 1)_2,_10,_2,0
3(1,10,1,2) 15 10
3(1,1,1,2)5. 550

9(1,1,1,1)0,0,0,0
(16,1,1,1)0,0,0,—15
(10, 1, 3, 1)0,0,0’10
(1,5,1,1)_2,-10,—2,0
(1,10,1,2)_15-1,0
(1,1,1,2)5 5,50
3(16,1,3,1)0.0.0.5
3(1,10,1,1) 4.0 4.0
3(1,1,3,1)0,0,0,—20
3(1,5,1,2)3.5.3.0
3(1,5,1,1)2,10,2,0

Chiral Matter

g+g

15(1,1,1,2) 1, 3,112
15(1,1,1,1) 271,12
15(1,1,1,1)0.7,-3,12
5(1,1,1,2)1,-3,-5,12
5(1,1,1,2)_3 3312

5(1,5,1,1)22.2 12
5(1’ 5: 1, 1)2,—3,—1,12
5(1,5,1,1)0,-3.3.12
5(1, 1, 3, 2)_1,_3,_1,_8
5(1,1,3,1)0.7.-3,—8
5(1, 1, 3, 1)—2,7,1,—8

15(1,1,3,1)4,-1,1,4
15(1,1,3,1)2,—1,5,4

15(1,1,3,1)—2, 6, —2.4

5(1,1,3,1)4,-1.1.4
5(1,1,3,1)2, 1,54
5(1,1,3,1)—2,-6,—2.4

®® 4th U(1) 1s "anomalous”
>

J e

Tr(Q) # 0, Tr(Q;) # 0

(sreen-Schwarz meehanism

B o Massive U(|)

e \/\ / at 2-loops

BAF,— (0,0+M A))



4d Non-Susy Zs Quasicrystalline orbifold

Massless Spectrum

SO(10) x SU(5) x SU(3) x SU(2) x U(1)* reps

Sector

Complex scalars

Left handed Weyl fermions

Untwisted

(1,1,1,1)0,0,0,0
3(16, 1, 1, 1)0’0,0,_15
3(10, 1, 3, 1)0,0,0,10
3(1, 5, 1, 1)_2,_10,_2,0
3(1,10,1,2) 15 10
3(1,1,1,2)5. 550

9(1,1,1,1)0,0.0,0
(16,1,1,1)0,0,0,—15
(10, 1, 3, 1)0,0,0,10
(1,5,1,1)—2 —10,—2,0
(1,10,1,2) 15 1.0
(1,1,1,2)5 550
3(16,1,3,1)0,0,05
3(1,10,1,1) 40,40
3(1, 1, g, 1)0,0,0,_20
3(1,5,1,2)353.0
3(1,5,1,1)2 10,20

15(1,1,1,2) 1, 3,112
15(1,1,1,1) 271,12
15(1,1,1,1)0.7,-3,12
5(1,1,1,2)1,-3,-5,12
5(1,1,1,2)_3 3312

5(1,5,1,1)22.2 12
5(1’ 5: 1, 1)2,—3,—1,12
5(1,5,1,1)0,-3.3.12

5(1, 1, 3, 2)_1,_3,_1,_8
5(1,1,3,1)0.7.-3,—8
5(1, 1, §, 1)_2,7,1,_8

15(1,1,3,1)4,-1,1,4
15(1,1,3,1)2, 15,4
15(1,1,3,1)—2, 6, —2.4

5(1,1,3,1)4,-1.1.4
5(1,1,3,1)2, 1,54
5(1,1,3,1)—2,-6,—2.4

» No lachyons at tree level
= Chiral Matter

+ Positive € C

s O)fe neltral sealare

Vi_ioop(@) = e V29 (3.13 x 1072) M?






6d Non-Susy Zs asymmetric orbifold

Sector |SU(5) x SU(5) x SU(5) x SU(5) x U(1)* reps

R(]-Oa 57 17 1)0,0,0,0
"(5,10,1,1)0,0,0,0 . . , ,
L(1,1,10, 5)0,00.0 » Starting point: Heterotic string
L(l, ]-a 5) ﬁ)O,O,O,O
"(1,1,1,1) 1326 . | 14
Untwisted ’*((1,1,1,1))0,8,—3,1 » Narain Lattice: I'(£g X Eg) @ 1™7(Ay)
i 17]-)1,1 1,-7,—-3,1
R(]-a]-,]-a]-)—2,—2,2,4

7(1,1,1,1)2 22, 4 ' . . 10.

A » Twist by: ¢p = (0;2,4)/35
La,1,1,1)0 2417
F(1,1,1,1)26 1,3

LA . Shift by: v = (3,3,1,4,4,1,2,2.4.4,1,1,2,4,2,3,3,3,2,3)/5.

L(17 1’ 1’ 1)_276a_1a_3

R(g’ 1’ 1’ 5)0,_4a0’_2
A R(ga 17 1) 5)0,0,2,0
g+9 R(5’1a1a5)1,1,—1,—1

R(8,1,1,5) 1500 Chiral Matter e

R(g11a1,5)0,0a—1a3 @ @

L(1,5,5,1)1,1,1,-1 N/
“(1,5,5,1)0,—4,1,1

o j N
g +9 L(175a5a1)—1,—1,0,—2

L(1a575,1)0,0,1,3 4 i 1
L(1,5,5,1)0,4,_1,_1 (271.) 18 — e 4Y4

12
fermions+bosons



6d Non-Susy Zs asymmetric orbifold

Sector

SU(5) x SU(5) x SU(5) x SU(5) x U(1)* reps

Untwisted

7(10,5,1,1)0.0.0.0
R(5,10,1,1)0.0.0.0
L(1,1,10,5)0.0.0.0
L(1,1,5,10)0.0.0.0
B1,1,1,1) 1326
R(1,1,1,1)08,3.1
R(1,1,1,1); _7 3.
RB(1,1,1,1) 2 224
R(1,1,1,1)2, 22, 4
L1,1,1,1)1 140
ba,1,1,1)0,24. 217
L(1,1,1,1)26 1,3
Fa,1,1,1) 1, 91 3
b(1,1,1,1) 26,13

R(g, 1,1, 5)0,_4,0,_2
R(5,1,1,5)0.0.2.0
R(5,1,1,5)1.1,-1,1
R(5,1,1,5)_1.30.0
R(5,1,1,5)0.0,-1.3

L(1,5,5,1)1.1.1,1
L(1,5,5,1)0,—4,-11
L(1,5,5,1)_1,-1.0,-2
(1,5,5,1)0.0.1.3
L1,5,5,1)0.4,-1,-1

No lachyons at tree level
One neutral scalar
C niral Matier

Positive CC

. V()| doop~ ¢ % (2.89x 10 1



8d Non-Susy Z; asymmetric orbifold

Sector |[SU(9) x SU(9) x U(1)? reps

(84,1)0,0 - Narain Lattice: T'(Eq X Eg) @ I'*(A,)
. (17 84)0,0
Untwisted (1,1)0. + Twist by : @ = (()9; 2/
1,1)_ |
((1 1)) 3,3 ° Shnct b>/ Y = (2,1’0,23,1,2,0,2’0,22,0,22,1,0)/3
9 3,3
N AD (9,9)-1. Chira Matter
g + g (9) 9)1,1
(9, 9)0,—2 .
=

b

1



8d Non-Susy Z; asymmetric orbifold

Sector |[SU(9) x SU(9) x U(1)? reps

(84.1) - No lachyons at tree e
,1)0,0

(1,84)0,0 . One neutral scalar
(17 1)0,—6
(1, 1)_3,3 e Chiral Matter

(1’ 1)3a3

Untwisted

(9,9)_11 ' Positive £6

g+3° (9,9)1 1
(9,9)0,-2

- 5
Vi—toop(®) ~ €5 (1.26 x 1074) M



So we have three theories in 4, 6 and 8 dimensions

We have no tree level tachyons

[They all have chiral matter

They all have positive CC



Questions and future direction

Do all tachyon free theories with one neutral scala

g

leading order potent

Al

ave chiral fermions and positive
?

Duality relation to 10d non-susy strings on T

How many of these theories can we get!

Higher order fate of the theories?






Construct irreducible unimodular quasicrystals

» Fix the order m of @ then @(m) = r + s gives the dimension of the Narain Lattice I

Form = 12 we have ¢p(12) = 4 so it acts irreducibly and crystallographically in 4 dimensions

r,S

+ Construct lattice with this symmetry and basis v, = 8" !y with v € |

For m = 12 we have the Narain Lattice I'#? with v = (1,0; 1,0)

73
» Show I is even and unimodular

General proot Based on

[20" Bayer-Fluckiger, Taelman]



