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o Goal - geometric engineering in F-theory:

© Determine novel Heterotic ALE instantonic LSTs
© Study 2-group structure and T-dual network
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Introduction

T-duality and 2-groups

@ LSTs have a continuous 2-group symmetry structure:
— (9( X 5U(2 X HF ) XEW7ER»EF5 U(]‘)(LIS)T

@ T-dual LSTs must have matching (very constraining):
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Introduction

T-duality and 2-groups

@ LSTs have a continuous 2-group symmetry structure:
0 1
- ('@(0) X SU(Q)S?) X HF£§0)> XB o ,Rr,RE, U(l)(LS)T

@ T-dual LSTs must have matching (very constraining):

Q@ K%, Rr and Rr, (formula determined by GS mechanism)

nt+1 nr+1 nt+1

EF = — z N/’I]IA ER = Z N/h;/, 7%9 = — N/(n” — 2)
=1 =1

I=1

+

@ Coulomb branch dimension and amounts of Wilson line parameters

Dim(CB) = T +rk(G),  Dim(WL) = rk(Gr)
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Introduction

Generic Eg x Eg heterotic instantonic LSTs in H_

@ The exceptional LSTs in M-theory <— A stack of N M5 branes (Horava, witten'os]:
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Introduction

Generic Eg x Eg heterotic instantonic LSTs in HW picture

@ The exceptional LSTs in M-theory <— A stack of N M5 branes [Horava, witten'es]:

' !Hr
N M5
M9 M9

@ The resulting theory depends on a choice of a flat connection encoded in:
My 7T1(S3/rg) ~ rg — ES, fOr My = Id, see [Aspinwa", Morrison'97]

o The LST <> A generalized quiver:

Kn(ky, t2:8) = T(b1,8) —— T(g, 8) —— T (12, 9)

o Determine fractional instantons by F-theory [pel zotto, Heckman, Tomasiello, Vafa'14]
e Matching criteria to chart the T-dualities:
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© Geometric Engineering of Novel LST families
@ Review: Geometric Counterpart of 6D LST in F-theory
@ Exotic LSTs
@ Heterotic LSTs and K3 degeneration
@ Geometric engineering of pure heterotic strings
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6D Heteorotic LST from F-theory

@ An elliptic fibered CY threefold X <+ 6d LSTs in F-theory:
T2 X TP X

in L&
BZ Bz

o Obtain the same 5d theory (with inequivalent 6d uplifts) after circle reduction
o Geometrically realize T-duality between these two 6d Theories
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6D Heteorotic LST from F-theory

@ An elliptic fibered CY threefold X <+ 6d LSTs in F-theory:

T2 X TP X
bro, L7
B2 Bz

o Obtain the same 5d theory (with inequivalent 6d uplifts) after circle reduction
o Geometrically realize T-duality between these two 6d Theories

o Consider a non-trivial global structure (Different fibre type K3/F;) taspinwall, Morrison'ss...]

MW(X) = Z' x MW(X) 1o = Gr = £:XC

@ Break the Eg flavor factors via a discrete holonomy y; = Z,
(focus on the rank preserving case in this work)
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Geometric Engineering of Novel LST families Exotic LSTs

7 Discrete Holonomy LSTs

o Consider a breaking to ¢7 X su, and 502/’N+8 gaugings:

S0aN+8 S0anN+8 $504N+8 S0anN+8
[27] 1 2 ... 2 1 [87]
[su2] [suz]
Mx
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Geometric Engineering of Novel LST families Exotic LSTs

Z» Discrete Holonomy LSTs

o Consider a breaking to ¢7 X su, and 502/’N+8 gaugings:

S504N+8 S04N+8 504an+8 S0an+8
[27] 1 2 ... 2 1 [27]
[su2] [suz]
Mx

@ Has two more inequivalent toric fibrations, first:

SPantm—3 5PM*_3
1
5PNy M43 SO8N+aMta SPa(N—k)+2M—a SOg(N—k)+aM—a 5P 504111“ SPp—1
[5024] 1 [sog]
2N %

This chain has the full 502%\)“r8 topology! <> Fiber-Base-Duality
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Geometric Engineering of Novel LST families Exotic LSTs

Z» Discrete Holonomy LSTs

@ The third fibration has the quiver:

SUaN+2M+6
[5Ll16 X ul]
SUgN-+aM—a SuUgN+aM—12 SUSN+4AM—20 SUapmia SPom—2
N x
SUAN-+2M—2
(1) (2)

@ 50,4, base shape is folded to an suy’ ,

? T-dual C.)D'OO'
v o —
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Geometric Engineering of Novel LST families Exotic LSTs

Z» Discrete Holonomy LSTs

@ The third fibration has the quiver:

SUaN+2M+6
[5Ll16 X u1]
SUgN-+aM—a SUgN+4aM—12 SUBN+4M—20 Sugmia SP2m—2
N x
SUaN+2M—2

° 5021,\),+8 base shape is folded to an 5u(,3)+3

BDOQS ?% SDOC @

B\

@ The 2-groups and CB dimension are matched and given below as

Dim(CB) = 4N? + 4NM + 8N +6M +2, &g = 8N? +8NM + 8N +8M + 2
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Geometric Engineering of Novel LST families Heterotic LSTs and K3 degeneration

Heterotic LSTs and K3 fibration

@ An elliptic fibered CY has a nested fibration:

K3—> X T2 5 K3
+ with +
C P!

© Q: Can we obtain certain information of 6D LST from K3 only?
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Heterotic LSTs and K3 fibration

@ An elliptic fibered CY has a nested fibration:

K3—> X T2 5 K3
+ with +
C Pt

© Q: Can we obtain certain information of 6D LST from K3 only?

© F4 x Fp Flavor groups — Picard sublattices embeded in the homology lattice Ak3

[Friedman, Morgan, Witten'07, Harder, Thompson'97]

0 E|||pt|C flbl’atlon in K3 — embeddlng U IntO NS(KB) C /\K3 [Braun, Kimura, Watari'13]:

@ Add non-trivial compact curves to X — K3 degeneration — 6d LST quiver
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Geometric Engineering of Novel LST families Heterotic LSTs and K3 degeneration

Stratification of 6D LST families from the same K3

ga,; — E2 x SU(3)

05— E¢/Z3

6.7 — (Spin(14) x| SU(12))/Z4

T-Hexality families

Spin(32)/Zz x SU(3) — g1,

(Spin(20) x

U(18)/Z3 — g2,

E7)/Zy x U(1) — g3,

(Dim(CB), 7r)

LST Family i

LST Family j

e (Dim(CB),kRr) — Stratification of 6D LST families from the same generic K3

Muyang Liu
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Geometric Engineering of Novel LST families G ic engineering of pure h ic strings

Geometric engineering of heterotic strings

@ No full M5 branes but only the M9 fractions:
© Orbi-instanton quiver — Reduced theories — Fuse two reduced theories:

Koty 12:8) = Tred (b1 8) —— Tred(p2: 0)

b,

b1 b by g ! b2 b1
Sl TR P s B P B [i(122)]
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Geometric Engineering of Novel LST families G ic engineering of pure

Geometric engineering of heterotic strings

ic strings

@ No full M5 branes but only the M9 fractions:

@ Orbi-instanton quiver — Reduced theories — Fuse two reduced theories:

Koty 12:8) = Tred (b1 8) —— Tred(p2: 0)

3
)

h1 b Hr. B 2 01
= ()] BB oo i Pgis By oo P2 P [(1)]
@ For A-type singuarities:
Sup suz Sup_1 suy SUg_3 suz sup
K:o(Eg,Es;ﬁuk)Z[Eg] 122 2 ... 2 2 2 e 202 21[Es]

Nf=2
© If k is even, the T-dual theory is

~ SPak SUak—8 SUak—16 sug
K(so32;sux) = [s032] 1 2 2 - 2 1 [sug]

Q If k is odd, the T-dual theory is

SPoy SUgk—8 SUak—16 Slya  Slg

K(s032; sux) = [5032] 1
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Geometric Engineering of Novel LST families G ic engineering of pure ic strings

Fronzen Singularity and Incomplete fusion

@ In M-theory, can partially freeze the X, singularities by torsional Cz fluxes at infinity

o
53/rg d

@ This results subalgbra

g | 502448 6 e7 g

T 1 112 112 13 112 13 12314 15
d 2 2 33 2 3’3 44 | 2 33 44 5'5 55 676
b sPy suz  — 507 SUp  — fa g2 sup — —
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Fronzen Singularity and Incomplete fusion

ic strings

@ In M-theory, can partially freeze the X, singularities by torsional Cz fluxes at infinity

o
53/rg d

@ This results subalgbra

g | 502448 6 e7 g

T 1 112 112 13 112 13 12314 15
d 2 2 33 2 3’3 44 | 2 33 44 5'5 55 676
b sPy suz  — 507 SUp  — fa g2 sup — —

@ — An incomplete fusion (decouple the quiver at the i—th node)

Trea(i0) = [[()] 71 7 ... 5. 1, [g]
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Exceptional non-simply laced fusion

ic strings

o Consider Tre4(e6 : ¢g) — Read off the unbroken gauge algebra: e.g f4

suz  fa g2 5P2 5P1 g2 fa  sus
[]121513 2 21[cs] and [eg]12 2 3151 2 1[eg]

Fusion
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ic strings

o Consider Tre4(e6 : ¢g) — Read off the unbroken gauge algebra: e.g f4

suz  fa g2 5P2 5P1 g2 fa  sus
[6] 121513 2 21[eg] and [eg]12 2 3151 2 1[eq]

Fusion

@ Yield LST :

sus fa sus
[e6] 1 3 1 [N4_1] 1 3 1 [eq]
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Geometric Engineering of Novel LST families G ic engineering of pure

Exceptional non-simply laced fusion

ic strings

o Consider Tre4(e6 : ¢g) — Read off the unbroken gauge algebra: e.g f4

suz  fa g2 5P2 5P1 g2 fa  sus
[6] 121513 2 21[eg] and [eg]12 2 3151 2 1[eq]

Fusion

o Yield LST :
11 4 1%
[e6] . [e6]
@ This LST has a T-dual partner
5Pg 5012
[5020] 1 4 1 22 [5112]
su3]

[

Muyang Liu 14 /17
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Outlook

Outlook

© Turn towards non-heterotic LSTs given by systems without M9 branes
@ Incorporate the possibility of twisted compactifications

© Relate heterotic LSTs to the classification of degenerate K3 surfaces and study unexplored
reducible K3 fibrations occur in the geometry of LSTs
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