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6D Little String Theory (LST)

UPPSALA

UNIVERSITET
Muyang Liu Has the following fatures
Meetien @ Decoupled from gravity

Compactified on non compact Clabi-Yau threefold CY;

o Negative semi definite dirac pairing ¥ >0
— has a zero curve Yo = > N, X,

String excitations have an intrinsic string tension
— key in the dynamics of the theory

@ Observes T-dualities upon circle reduction
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Motivation

6D Little String Theory (LST)

Has the following fatures

Decoupled from gravity
Compactified on non compact Clabi-Yau threefold CY;

Negative semi definite dirac pairing ¥ > 0
— has a zero curve Yo = > N, X,

String excitations have an intrinsic string tension
— key in the dynamics of the theory

Observes T-dualities upon circle reduction

All known LSTs can be realised within F-theory
[Bhardwaj, Del Zotto, Heckman, Morrison, Rudelius, Vafa '15]

v

= Construct Heterotic ALE instantons and identify T-duals.

Detailed of geometric engineering : See Paul’s talk
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Geometrizing heterotic ALE instantons

UPPSALA
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e @ The F-theory dual of the Heterotic string: an elliptic K3

with a stable degeneration limit into two dPgs

Visualization

T% — K3 T% ——dPy VT/Z-/ dPy

AR

P! P!
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Geometrizing heterotic ALE instantons

@ The F-theory dual of the Heterotic string: an elliptic K3
with a stable degeneration limit into two dPgs

T% — K3 T% ——dPy VT/Z-/ dPy
T
P! P!

@ Then, N Heterotic instantons are realized as a (CQ/ZN
singularity where the two -1 curves of P; bases intersect.
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e @ The F-theory dual of the Heterotic string: an elliptic K3

with a stable degeneration limit into two dPgs

Visualization

T% — K3 T% ——dPy VT/Z-/ dPy
T
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@ Then, N Heterotic instantons are realized as a (CQ/ZN
singularity where the two -1 curves of P; bases intersect.

@ The six dimensional reduction of the Eg x Eg Heterotic string on
TZ — C is equivalent to F-theory on K3 — C
<+ construct CY3 using tOl’iC geometry Huang Taylor'18, Anderson, Gao, Gray,
Lee'16
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Horava-Witten duality

UPPSALA
UNIVERSITET
— @ Heterotic instantons <+ N M5 branes parallel to the two M9s
uyang Liu
@ two copies of E8 <+ two M9s
Motivation

Visualization
Construction

2-groups

0-5
Summary
10

/T,

M9 N+1 M5 M9
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Heterotic strings probing ADE singularities

@ Up: M9 brane and their connecting M2 branes/strings

@ below: local F-theory curve configuration
M9 My’ M9 My’
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Construction

Basic ingredients to cook a LST

@ Description of generalized quiver theories:

T (1, 8) —— Tn(g, 8) —— T (k2. 9)

1222 ...221
—_—
N+1
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Basic ingredients to cook a LST

@ Description of generalized quiver theories:

T (1, 8) —— Tn(g, 8) —— T (k2. 9)

1222 ...221
—_—
N+1

® T(fa,0) : M9-M5 system with C2/I,
<+ determined by choice s : 'y — Eg
— Zero form flavor symmetry.

@ E.g, possible p : Zx — Eg are classified by victor 6. kac '3
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@ Description of generalized quiver theories:

T (1, 8) —— Tn(g, 8) —— T (k2. 9)

1222 ...221
—_—
N+1

Construction

® T(fa,0) : M9-M5 system with C2/I,
<+ determined by choice s : 'y — Eg
— Zero form flavor symmetry.

@ E.g, possible p : Zx — Eg are classified by victor 6. kac '3

@ Tn(g,9) : N M5 branes probing a C? /T, singularity;
+> determined by [G] — [G] conformal matter.
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Construction

Tensor branch from conformal matter zotto, Heckman, Tomasiello, Vafa '14

@ M9-M5 Distance : vev of a (1,0) tensormultiplet
> fractions of the intersection point on Hoa¥va-Witten wall

@ M5-M5 Distance : vev of a (1,0) tensormultiplet
< fractions Of M5—branes Zotto, Heckman, Tomasiello, Vafa '14

e M5
°
Eg
2
@ Es
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2-group symmetry and T-duals
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Muyang Liu
@ LSTs have a continuous two-group symmetry [Cérdova, Dumitrescu,
Intriligator '18]
> Different form-degree symmetries mix to higher groups:
0 (0) (0) (1)
2-groups ('D( ) x SU(Z)R X Ha Fa ) X%p,RR,RF, U(l)LST'
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2-group symmetry and T-duals

@ LSTs have a continuous two-group symmetry [Cérdova, Dumitrescu,
Intriligator '18]

+> Different form-degree symmetries mix to higher groups:
1
( X SU( ) X H F ) X%p,RR,RF, U(]‘)(LS)T

@ Kp, kg and K, measure the mixing of the symmetries
<> must be matched for T-duals of LSTs.

R = — r+1 N/T//A KRR = r+1 N,hv Rp = r+1 N/(n -2).
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2-group symmetry and T-duals

@ LSTs have a continuous two-group symmetry [Cérdova, Dumitrescu,
Intriligator '18]

+> Different form-degree symmetries mix to higher groups:
1
( X SU( ) X H F ) X%p,RR,RF, U(]‘)(LS)T

@ Kp, kg and K, measure the mixing of the symmetries
<> must be matched for T-duals of LSTs.

R = — r+1 N/T//A KRR = r+1 N,hv Rp = r+1 N/(n -2).

@ 5d M-theory on CY3 has multiple F-theory uplifts at 6d
> encoded by different ellipic fibrations in CY3.



Found : Mutiple T-dual LSTs
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Muyang Liu A concrete CY3 with three elliptic fibrations <> T-dual triples:

Q An 5u2/’+1 gauge group given as the chain

_ S5Up SuUp S5Up SuUp +
[so6] 1 2 ...2 1 [s0fg]. (1)

2-groups X M+1



Found : Mutiple T-dual LSTs
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Muyang Liu A concrete CY3 with three elliptic fibrations <> T-dual triples:
Q An 5u2/’+1 gauge group given as the chain
_ S5Up SuUp S5Up SuUp
[so6] 1 2...2 1 [s0fs]. (1)
—_——
2-groups X M+1

@ A two tensor theory with

Pm

lso7g] 11" [s0%s]. )



Found : Mutiple T-dual LSTs
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UNIVERSITET
Muyang Liu A concrete CY3 with three elliptic fibrations <> T-dual triples:
Q An 5u2/’+1 gauge group given as the chain
_ S5Up SuUp S5Up SuUp +
[5016] \M [5016] . (1)
2-groups X M+1
@ A two tensor theory with
_ SPm SPm "
[so6] 1 1 [sogg]. (2)

@ A single tensor theory with

SuU2M+1

[sue] O (3)
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g Fp, p2) Theory description

P 1 50an114 SP3U 3 Sltgn SUanr s
EM [Es x Eg x SU(3)]/Z3 [SO(7)] 4 1 2 2 [SU(12)]

SPMm+7 S0ami16 SP3M11 SUaM 2 SUaM42

Eg x E7 [50(28)] 4 1 2 2 [SU(2)]
2-groups
SUM+10 SUaM+4 SUeM—2 SPaM—a S04m+4
= [Er x E7 x SU(2)]/Z> [suae) 2 22 1 4
SP3m—s
EM Er x E7 *
SPu+7 504420 SP3M+3 S08M+8 SPsM—3 S012M—4 SPam—4 S04n+a
[SO(24)] 1 1 4 1 4 1
[Ne=2]
SO(4N 4 5 E E E S04n+s SPaN—2 504ni3 GVZN£271< sowz‘afu Py 529 1 932 552 21(E
(4N +5) s x Ep Bl o WAy (]
symmetric k=0, 2N—3
SO(UN + 7 ExE E 504ni7 SPaN—1 SOsnis  SP2N—1-k SOaN+5—2k 51p, o g32 e

(4N +7) s X Eg [B]\';[erll . [Es]

symmetric

k=0,--- 2N—2
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Summary and Conclusion
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@ Construct various LST : F; X F, probing g models on non
compact Calabi-Yau threefold

@ Verify new T-duals via 2-group data matching

Summary




Summary and Conclusion
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@ Construct various LST : F; X F, probing g models on non
compact Calabi-Yau threefold
Summary @ Verify new T-duals via 2-group data matching

Classification of heterotic strings probing ADE singularity

Twisted compactification, genus one fibration

@ More T-dual system via possible elliptic fibrations of a fixed K3
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