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Motivation & Outline

What is 6d LST and Why?

o LSTs: intermediate between local and gravitational theories, related by decompactification

Decoupled from gravity
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Motivation & Outline

What is 6d LST and Why?

o LSTs: intermediate between local and gravitational theories, related by decompactification

6D SUGRA

Decoupled from gravity

6D LST

Scale: v
Global Symmetry: x
T-duality: v

Scale: v
Global Symmetry: v
T-duality: v

6D SCFT

Scale: x
Global Symmetry: v
T-duality: x

o Attractive Properties: (capture features of both SUGRAs and SCFTs)

© Contains interesting global symmetries in the T-dual network

@ LSTs have a 2-group structure — Constrain T-dualities
[Cordova, Dumitrescu, Intriligator'18,'20, Del Zotto, Ohmori'20]

© Systematically engineered in F-theory geometry

[Bhardwaj, Del Zotto, Heckman, Morrison, Rudelius, Vafa'15]
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Motivation and Goal

o Based on:

© 2209.10551, 2212.05311, 2312.xxxxx with Del Zotto, Oehlmann
@ Work in progress with Braun, Del Zotto, Oehlmann
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Based on:

© 2209.10551, 2212.05311, 2312.xxxxx with Del Zotto, Oehlmann
@ Work in progress with Braun, Del Zotto, Oehlmann

So far [Blum, Intriligator'97, Aspinwall, Morrison'97 .....].
o Heterotic strings on ALE spaces X, = C?/I', give rise to 6D (1,0) LSTs and inherit T-duality
o LSTs associated to Heterotic Spin(32)/Z> ALE instantons are Lagrangian and well-known
e Most of LSTs for Heterotic Eg x Eg ALE instantons are unknown, few exceptions are studied

o Goal: New LSTs and matched 2-group structure of T-dual partners

o Method: F-theory geometric construction is powerful:

© Explore ALE spaces of E-types, beyond brane realizations
@ Easily interpret 6D LST (packed into a quiver) by the geometric configuration
© Realize T-dual network as inequivalent elliptic fibrations of the same geometry
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Review: Heterotic Little Strings & 2-groups

Generic Eg x Eg heterotic instantonic LSTs in HW picture

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

.
T,
M9

@ The resulting theory depends on a choice of a flat connection encoded in:

c/r
N M5
M9

My 7T]_(S3/rg) ~ rg — ES 5 fOI’ My = i(j7 see [Aspinw.“, Morrison'97]
@ The zero form global symmetry is determined by:

FO ={gecE|gh=hg,Vhe p,(Ty)} a=1.2
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Generic Eg x Eg heterotic instantonic LSTs in HW picture

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

} &
' c2/r

N M5
M9 M9

@ The resulting theory depends on a choice of a flat connection encoded in:
py mi(S3/Ty) =Ty — Eg, for pu, > id, see [aspinwall, Morrison's7]
@ The zero form global symmetry is determined by:
FO = {g € Es|gh= hg,Vh € p,(Tg)} a=1,2

@ Now consider all other non-trivial possible choices

o Determine fractional instantons by F-theory [pel zotto, Heckman, Tomasiello, Vafa'14]
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Review: Heterotic Little Strings & 2-groups

Obtain the full LST

o After the choice of a flat connection encoded in (44, tt5), we denote the corresponding theories:

Kn(pes 1 8) = T(11,8) —— Tn—2(9, 8) —— T (12, 9)

o T(pta, g): minimal 6d orbi-instanton theory associated to a single M9-M5 system
[Heckman, Morrison, Rudelius, Vafa'15, Mekareeya, Ohmori, Tachikawa, Zafrir'17, Frey, Rudelius'18]
o Tn-2(g,8): 6d conformal matter theory associated to N — 2 M5 branes

[Del Zotto, Heckman, Tomasiello, Vafa'14]

o —> : fusion of the common factors g of the global symmetry of SCFTs

[Del Zotto, G. Lockhart'18, Heckman, Rudelius, Tomasiello'18]
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Obtain the full LST

o After the choice of a flat connection encoded in (44, tt5), we denote the corresponding theories:

Kn(pes 1 8) = T(11,8) —— Tn—2(9, 8) —— T (12, 9)

o T(pta, g): minimal 6d orbi-instanton theory associated to a single M9-M5 system
[Heckman, Morrison, Rudelius, Vafa'15, Mekareeya, Ohmori, Tachikawa, Zafrir'17, Frey, Rudelius'18]
o Tn-2(g,8): 6d conformal matter theory associated to N — 2 M5 branes

[Del Zotto, Heckman, Tomasiello, Vafa'14]

o —> : fusion of the common factors g of the global symmetry of SCFTs

[Del Zotto, G. Lockhart'18, Heckman, Rudelius, Tomasiello'18]

@ N < 2 cases deviate slightly from the structure above
— Geometric engineering limits of pure Heterotic Strings on ALE singularities

@ Given the matching criteria (see next slide), we are able to chart the T-duality:

Koy, oo g) ~ I%N()\;ﬁ) (Heterotic Spin(32)/Z, instatons)
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Review: Heterotic Little Strings & 2-groups

6d LSTs of rank nt <> Quiver notations encoded by
g1 1]} Onpr+1 <7’]U nlA) I,J: 1,...,nT—|—1

[fl]nl"'nl"'nnT\l[Tnf]: Al 0 ) g:(glv"'7g"T+17f17"'7f"f)

n A=1,.. n¢

o The Dirac pairing "”: non-negative with a unique null eigenvector:
nN; =0 ged(Ny, ooy Npp 1) =1 N; > 0 (LST charges)
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Review: Heterotic Little Strings & 2-groups

6d LSTs of rank nt <> Quiver notations encoded by

Gyt H A I,J=1,..,nt+1
g1 g :‘ 1.9, n n ) 3 2e09 IETE
[Tl] ng---m nT+1 [Tn] <77AI 0 ) A— 1’ vy Df B

g= (gla "'7gnT+17f17 ceey fn;)

o The Dirac pairing "”: non-negative with a unique null eigenvector:
nN; =0 ged(Ny, ooy Npp 1) =1 N; > 0 (LST charges)

LSTs have generic continuous 2-group symmetry with matching criteria

(2 x SURE X TT, i) Xz 2n2r, VD

@ Ko, kg and Kg, (2-group structure constants)
-~ n +1 -~ n +1 -~ nr+1
RF = — T N]’I7 RR = T Nlhv Royp — — Ill NI(77” — 2)

@ Coulomb branch dimension and amounts of Wilson line parameters
Dim(CB) = T + rk(G), Dim(WL) = rk(Gg)
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© Geometric Engineering of Novel LST families
@ Review: Geometric Counterpart of 6D LST in F-theory
@ Exotic LSTs
@ Geometric engineering of pure heterotic strings
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Geometric Engineering of Novel LST families Review: Geometric Counterpart of 6D LST in F-theory

@ Axio-dilation field 7 in 1IB <> the behaviour of the complex structure of an elliptic curve
@ Introduce an auxillary torus to record 7 <> An elliptic fibration 7: Y, - B, _;
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Geometric Engineering of Novel LST families Review: Geometric Counterpart of 6D LST in F-theory

@ Axio-dilation field 7 in IIB <+ the behaviour of the complex structure of an elliptic curve
@ Introduce an auxillary torus to record 7 <> An elliptic fibration 7: Y, - B, _;
© Elliptic fibre becomes singular over discriminant locus ¥ C B,_1
@ D7 brane stacks are located at component X, of the discriminant
© After resolution, the fiber components over X; has intersection pattern as affine Dynkin diagram —
Fibration consistently realize gauge/flavor algebra

resolved fiber
E, singularity :O:

Singular fiber

Yn
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Review: Geometric Engineer 6D LST from F-theory

o An elliptic fibered CY threefold X «Het/F Duality

Physics of a 6d Heteorotic LST

Geometric Engineering

o F-theory Geometric Engineering Dictionary:
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Review: Geometric Engineer 6D LST from F-theory

o An elliptic fibered CY threefold X «Het/F Duality

Physics of a 6d Heteorotic LST

Geometric Engineering

o F-theory Geometric Engineering Dictionary:

e B is non-compact <+ LST is decoupled from gravity

o The intersection form of the F-theory base curve collection <+ Dirac pairing matrix
o Discriminant admits compact and non-compact components that D7 branes can wrap:

o Compact components yield gauge degrees of freedom
o Non-compact ones produce flavor symmetries

@ X may admit multiple inequivalent elliptic fibrations:
T2 X T2 X
b, 7
B, B,

o After circle reduction, obtain the same 5d theory (inequivalent 6d uplifts)
o Geometrically realize T-duality between these two 6d theories
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Geometric Engineering of Novel LST families Review: Geometric Counterpart of 6D LST in F-theory

F-theory Realization of 6D LSTs - Warmup

Q An elliptic fibered CY; with generic base B, = P! x C supports Eg x Eg flavor algebra
@ Left: decorate additional rays, yield N small Eg instantons on the Eg x Eg fibration
1 2 2 1

[es]
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F-theory Realization of 6D LSTs - Warmup

Q An elliptic fibered CY; with generic base B, = P! x C supports Eg x Eg flavor algebra
@ Left: decorate additional rays, yield N small Eg instantons on the Eg x Eg fibration
1 2 2 1 Spy
0

] [s035] x.—>

@ Right: T-dual Spin(32)/Z; theory with sp, gauge group [aspinwall, Morrison'7]

© Consistently check for T-dual pairs by the matched data:
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F-theory Realization of 6D LSTs - Warmup

Q An elliptic fibered CY; with generic base B, = P! x C supports Eg x Eg flavor algebra
@ Left: decorate additional rays, yield N small Eg instantons on the Eg x Eg fibration
1 2 2 1 Spy
0

] [s035] x.—>

@ Right: T-dual Spin(32)/Z; theory with sp, gauge group [aspinwall, Morrison'7]

© Consistently check for T-dual pairs by the matched data:

Dim(CB):NJrl, //%g:h;,/:N+1, Ko =2

© Additional rays can support non-trivial gauge algebra in more general constructions
<> T-dual configuration will be altered accordingly
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Geometric Engineering of Novel LST families Review: Geometric Counterpart of 6D LST in F-theory

A general example: The [eg] — ¢ — [eg] LST

o Gauging the Eg x Eg flavor factors with Mx e;’s, we obtain

e7 ¢z (34 ¢z ¢7
les] 1 2...2...2 1 [e¢], M-1 also counts number of M5 branes
—_—
XM

o Introduce the conformal matter factors [e7] — [¢7] to obtain the full quiver
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A general example: The [eg] — ¢ — [eg] LST

o Gauging the Eg x Eg flavor factors with Mx e;’s, we obtain
e7 ¢7 (54 ¢7 ¢7
les] 1 2...2...2 1 [e¢], M-1 also counts number of M5 branes
—_—
xM

o Introduce the conformal matter factors [e7] — [¢7] to obtain the full quiver

@ The T-dual fibration is given by:

SPam—3 SPm_3
1* 1*
5PMi7 S0ami1e SP3my1 $0sM+ia SP3M—2 SOamia
[u1 X 5026] 1 4 1 4* 1 4*
[Ne=1] [Ne=1]

They have matched data: Dim(CB) =18M +19, kg = 48M + 25
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A general example: The [eg] — ¢ — [eg] LST

o Gauging the Eg x Eg flavor factors with Mx e;’s, we obtain

e7 ¢z (34 ¢z ¢7
les] 1 2...2...2 1 [e¢], M-1 also counts number of M5 branes
_—

xM

o Introduce the conformal matter factors [e7] — [¢7] to obtain the full quiver

@ The T-dual fibration is given by:

5Pom—3 SPm_3
1* 1*
5PMi7 S0ami1e SP3my1 $0sM+ia SP3M—2 SOamia
[u1 X 5026] 1 4 1 4* 1 4*
[Ne=1] [Ne=1]

They have matched data: Dim(CB) =18M +19, kg = 48M + 25

o Fiber-Base-Duality: Most T-dual base topology are determined by gauging of the original theory
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Geometric Engineering of Novel LST families Exotic LSTs

LSTs with Discrete Holonomy

o Consider a non-trivial global structure [aspinwall, Morrison'ss...]
MW (X) = Z" x MW(X)1or = GT = s
o Break the Eg flavor factors via a discrete holonomy p; = Z,
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o Consider a non-trivial global structure [aspinwall, Morrison'ss...]
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o Break the Eg flavor factors via a discrete holonomy p; = Z,

e Example: consider a breaking to e¢7 X suy and 502”N+8 gaugings:
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Geometric Engineering of Novel LST families Exotic LSTs

LSTs with Discrete Holonomy

o Consider a non-trivial global structure [aspinwall, Morrison'ss...]
MW (X) = Z" x MW(X)1or = GT = s
o Break the Eg flavor factors via a discrete holonomy p; = Z,

e Example: consider a breaking to e¢7 X suy and 502”N+8 gaugings:

504an+8 S04an+8 504an+8 S04an+8

[27] 1 2 ... 2 1 [27]
[su2] [suz]

Mx

@ Has two more inequivalent toric fibrations, first:

SPanim-—3 SPm—_3
1*
SPon+M+3 SO8N+aM+4 SPa(n—k)+2M—a SO8(N—k)+aM—a 5Pom 504I|4+4 SPm—1
[s004] 1 4 .. 1 4 ... 1 4 1 [sog]
2N x

This chain has the full 50553% 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:

SUaAN+2M+6
[51116 X U1]

SUgNLaM—4 SUgN+aM—12 SUSN+AM—20 Sugmia SP2m—2

N x
SuUan-+2M—2

° 50553% base shape is folded to an 511(,513

?’&?p@oo

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

Dim(CB) = 4N? + 4NM + 8N + 6M + 2, Ry = 8N? + 8NM + 8N + 8M + 2
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Geometric Engineering of Novel LST families Geometric engineering of pure heterotic strings

Geometric engineering of heterotic strings

@ No full M5 branes but only the M9 fractions:

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

Ko(py, H2: 8) = Trea(k1:8) ——— Trea(t2: 9)

b1 b bry g :h\" 22 1
)] BB W B B e e [T(ta)]
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Geometric Engineering of Novel LST families

Geometric engineering of pure heterotic strings
Geometric engineering of heterotic strings

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

g ~
Ko(p, H2i8) = Trea(H1:8) —— Trea(H2:9)

b1 b br : b2 ba
=[f(ky)] ML B2 ... My Ma By .. 2 T [f(R)]
@ For A-type singuarities:

Sl SuU3 SUp_ g sup SUp_q su3 sup
ICo(Eg,Es;Euk):[EQ] 122 2 ... 2 N22 2 a2 221 [Eg]
=

Q@ If k is even, the T-dual theory is
~ SPak SUak—8 “Mak—16 sug
K(s032; sux) = [s032] 1 2 2 -0 201 [sug]
Q If k is odd, the T-dual theory is

SPok SUak—8 SYak—16 suga  Sug
K(s032; sux) = [s032] 1 2 2 ... 2 1

Na=1

Muyang Liu 16 /21



Geometric Engineering of Novel LST families

Geometric engineering of pure heterotic strings
Fronzen Singularity and Incomplete fusion

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

[De Boer, Dijkgraaf, Hori, Keurentjes, Morgan, Morrison, Sethi'01, Tachikawa'15]

J4
/ CZ*
S3/T, d
@ This results subalgbra
g | 502448 6 e7 g
I 1 112 112 13 112 13 12314 15
d 2 2 33 2 3°3 44 | 2 3'3 44 535'5°5 66
h 5Py Sus3 — §07 SUo — f4 g2 Suo — —
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Fronzen Singularity and Incomplete fusion

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

[De Boer, Dijkgraaf, Hori, Keurentjes, Morgan, Morrison, Sethi'01, Tachikawa'15]

L
SS/FB d

@ This results subalgbra

g | $02k+8 6 €7 ‘g

I 1 112 112 13 112 13 12314 15
d 2 2 3’3 2 3’3 47 4 2 3’3 47 4 5757575 676
h 5Py Sus3 — §07 SUo — f4 g2 Suo — —

@ — An incomplete fusion (decouple the quiver at the i—th node) Mekareeya, Ohmori, Shimizu, Tomasiello'17]

Trea(pi 9) = [()] B B3 .05 1 [g]
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Geometric Engineering of Novel LST families Geometric engineering of pure heterotic strings

Exceptional non-simply laced fusion

o Consider Treq(¢s : ¢g) — Read off the unbroken gauge algebra: e.g fa

sus  fa g2 5P2 5P1 g2 fa  sus
[6]12 1513 2 21[eg] and [eg]12 2 3151 2 1[eq]

Fusion

Muyang Liu 18 /21
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o Consider Treq(¢s : ¢g) — Read off the unbroken gauge algebra: e.g fa

sus  fa g2 5P2 5P1 g2 fa  sus
[6]12 1513 2 21[eg] and [eg]12 2 3151 2 1[eq]

Fusion

@ Yield LST :

1F1 4 1%
[96] (Nr—1] [?6]
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Geometric Engineering of Novel LST families Geometric engineering of pure heterotic strings

Exceptional non-simply laced fusion

o Consider Treq(¢s : ¢g) — Read off the unbroken gauge algebra: e.g fa

suz  fa g2 5P2 5P1 g2 fa  sus
[6]12 1513 2 21[eg] and [eg]12 2 3151 2 1[eq]

Fusion

@ Yield LST :
su3 fa su3
[es] 1 31 [NF4:1] 1 3 1 [eq]
@ This LST has a T-dual partner

4 5012

sp
[5020] 1 4 1 22 [5112]
[su3l
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e Summary:
© Construct a plethora of T-dual LSTs probing various types of singularity verified by Coulomb and
tensor branch data matching
@ Find interesting exotic LSTs with torsional structure
© Explore geometric engineering limit of Heterotic strings
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Summary and Outlook
Summary and Outlook

e Summary:
© Construct a plethora of T-dual LSTs probing various types of singularity verified by Coulomb and
tensor branch data matching
@ Find interesting exotic LSTs with torsional structure
© Explore geometric engineering limit of Heterotic strings

@ Outlook:

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

© Relate heterotic LSTs to the underlied nested K3 fibration of CY3, study unexplored reducible K3
fibrations occur in the geometry of LSTs
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Summary and Outlook

Thank youl
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