Bounds and Dualities of Type-II Little String Theories

Florent Baume (UHH)

Based on:

with  P. Oehlmann and F. Rihle
(& with  C. Lawrie )

String Phenomenology 2024

UH
iti
Lo Universitat Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG



https://arxiv.org/abs/2405.03877
https://arxiv.org/abs/2312.13347

Motivation

What are the gravity-decoupling limits of

?

If interacting theory, two UV possibilities:

Superconformal Field Theories
(SCFTs)

Have no scale

Local theories

All curves are contractible

Little String Theories
(LSTs)

Have a scale M, st

Non-local theories

Have a non-contractible
curve



Motivation

TODAY: focus on LSTs
What are the generic properties of LSTs?

Little String Theories
(LSTs)

Have a scale M| gt

Non-local theories

Have a non-contractible
curve



Geometric Engineering

F-theory on

RS x Y3

Little string from

D3-branes
< >

» LST: F-theoryonYjs

Y3 = By



Geometric Engineering

F-theory on Y; — Bo
RO x ¥s HE=
Little string from — Y;
D3-branes ~
> <> \gl
C B

» LST: F-theoryonYjs
1) Y3 is elliptically fibered

2) 3! 0-curve CisTt-CsT=0



Geometric Engineering

F-theory on Y3 — By
RO x 1 =
Little string from 4 Y;
D3-branes ~
< > <= g
C B

> LST: F-theoryonYs

Only two types of bases:

: By ~P'xC : By ~ (T?xC)/A



T-duality
Due to their stringy nature: LSTs have T-duality

T-dual
/C] <—— /CQ = /C1|S1 = = ICQ‘Sl

Important to study LSTs in general

So far mostly with Heterotic LSTs
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T-duality
Due to their stringy nature: LSTs have T-duality

T-dual
/C] <—— /CQ = /C1|S1 = = ICQ‘Sl

Proposed T-duality invariants:
dim(CBs4) = #(vectorgy) + #(tensorgq)
Flavour rank: rk(f)
5dHFS: D) x D)~ D)
2-group const  (Poincaré x SU(2)z x F) @ x U(1){&

BT BYST 4 dAy + kpdw + rpdAR + rpdAp

Not all independent, and can help in the hunt for LSTs!



Bounding the Flavour Rank

Consider LST with flavour ~ § = @4f*
Worldsheet analysis of BPS string associated with 0-curve:
rkf < 9rp + 2

= Flavour bounded by 2-group constants
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Bounding the Flavour Rank

Consider LST with flavour ~ § = @4f*
Worldsheet analysis of BPS string associated with 0-curve:
rkf < 9rp + 2

= Flavour bounded by 2-group constants

tkp =2 rkf <20 tkp=0 rkf <2



Hunting for Type-Il LSTs

We know:

Base given by Kodaira singularity gz
Cr-C;=—A(B)1s

Fibres very constrained: rkj < 2



Hunting for Type-Il LSTs

We know:

Base given by Kodaira singularity gz
Cr-C;=—A(B)1s

Fibres very constrained: rkj < 2

Type-Il LSTs labelled by pair of algebras K(gr,g5):
1) Base Kodaira singularity: 9B
2) Fibre Kodaira singularity: gF

3) Read off
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Example: KC(IIT ,¢eq)
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Example: KC(IIT ,¢eq)
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Hunting for Type-Il LSTs

Example: KC(IIT ,¢eq)
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Affine node: ord(f,g,A)=( 1, 2, 3)

i-th node: ord(f,g,A) = (¢;1,0,2,0;3)

£; = Kac label



Hunting for Type-Il LSTs

Example: KC(IIT ,¢4)
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Paper:
Explicit construction via in Tate form.



T-dual Pairs



T-dual Pairs
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T-dual Pairs

K(gr,o8)
K(II1, ¢6):
o1
<:>2
17275737

Kr = 133

— K(os,0r)
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e Su3 [45] 5uUs [45)

613161316
dim(CB) = 34



Type-Il LSTs

Constructed all Type-1l LSTs K(gr,g5)

Almost none have flavour
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Type-Il LSTs

Constructed all Type-1l LSTs K(gr,g5)
Almost none have flavour
T-duality easy to understand:
M-theory on double fibration

Higher-form symmetries

DW = Z(gp), D® = Z(gp)
DLl x ) D)
gr,ap not I, I, IV:
dim(CBsq) = hEI/FhEJ/H -1 kp =Lg.Ty;

g = hY(hY —2)/(tkg — 1)



Conclusions

LSTs are constrained by T-duality invariants

rkf < 9xp + 2

Constructed all T-dual pairs for Type-Il LSTs

Td
K(gr,08) ﬁl K(gs,0r)

Interesting group-theoretical patterns
— Some quantities do not depend on details of quiver.
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