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Introduction /Motivations

@ Black hole physics
@ Black objects in non-trivial theories
» String theory in D = 10
» M-theory in D = 11.
@ Approaching and understanding new features of Calabi-Yau spaces.

@ Connecting mathematics with physics via black holes

C. Long, A. Sheshmani, C. Vafa and S. T. Yau, Non-Holomorphic
Cycles and Non-BPS Black Branes, Commun. Math. Phys. 399
(2023)1991.

@ M-Theory scenarios in 5D

0-b . Black hol
Black brane objects = ranes ac OleS
1-branes : Black strings



Calabi-Yau spaces

@ String theory space-time

String theory
[ space-time

o Calabi-Yau space 3-folds (CY?)
Comapct (finite size)
Complex

Kahler

SU(3) holonomy group
Vanishing first Chern class.

v

vV vy VvYy



Calabi-Yau constructions

@ Orbifold constructions
’]I‘2X3

=-—, T=8x8

» G= Discrete subgroup of SU(3) holonomy group.
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Complete intersection Calabi-Yau scenarios

@ Embedding space
A:=CP™" x ... x CP™

@ Matrix configuration

1,1 41,2
cp™ || db .. odL 17"
cY? = : : :

CP™ || dm .. dT

x(CY?)
@ CY2 and dimension conditions

hl']‘

K
Zn,-—K:3, n;—l—lZZd;
i=1 r=1



Graph theory representation of CICY
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Graph theory representation of CICY

@ Graph theory
Graph=Diagram = (V(D), E(D))

o CY?3 diagrams
CICY = D(CY}) =D

e Example : bi-cubic CY3

2,1

CP?

CY3(A) = [ CP2

1,1
HS
3
X
o Graphic representation of bi-cubic CY3

e

Figure — Diagram of bi-cubic in CP? x CP?.




Folding CICY diagrams

@ OQuter-automorphism group I'

M:D—7D

e Folded CY diagram



Tetra-quadric CY® scenarios

e Tetra-quadric CY3

4,68

NN NN

—128
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Tetra-quadric CY® scenarios

o Tetra-quadric CY3

cpt || 2 74%8
CP! || 2
A= CP! || 2
1
CP 2 | 0

o Tetra-quadric CY3 Diagram

Figure — Tetra-quadric CY® diagram.

10



Tetra-quadric CY folding scenarios

e Outer-automorphism group I
[=Zs, ZpxZy, 713, Za.
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Tetra-quadric CY folding scenarios

e Outer-automorphism group I
= Z27 ZZ X Z27 Z37 Z4-

@ Folding Tetra-quadric CY Scenarios

Tetra-quadric CY diagram Outer-atomorphism group

X |~

T

X |
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X |
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M-theory black holes from the tetra-quadric CY®
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M-theory black holes from the tetra-quadric CY®

@ Non vanishing interesting numbers

Cioz3 = Cioa = Cizg = Gzp =2

@ Tetra-quadric CY

1 .
V= S Cit'thth = 2titots + 2t1t3ts + 2tatsts + 2titots
317

@ Kahler moduli space metric

1
G,'j = —58,'8_,' Iog(V)
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M-theory black holes from the tetra-quadric CY®

@ Non vanishing interesting numbers

Cioz3 = Cioa = Cizg = Gzp =2

@ Tetra-quadric CY

1 .
V= aC,-J-kt’tft" = 2t1trt3 + 2t1taty + 2trt3ty + 2t1toty

@ Kahler moduli space metric

1
G,:,' = —58,'0_,' Iog(V)

@ Black hole scalar potential

Ve?’fH(qia ti) = Gij(ti; t:j)qlq_ja I:./ = 17 cee a4'
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Folding procedure in M-theory scenarios
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@ Z, folding procedure in M-theory scenarios
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@ Z, folding procedure in M-theory scenarios

L
folding

Figure — Z, folding of tetra-quadric CY® diagram
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Folding procedure in M-theory scenarios

@ Z, folding procedure in M-theory scenarios

L
folding

Figure — Z, folding of tetra-quadric CY® diagram
o Potential computations

VEBH(CP! xCP! x CP! xCP!)—7Z; Folding — > VEH(CP!xCP! xCP?).
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Conclusion

@ Conclusion

» M-theory compactification on the tetra-quadric CY?
» Folding of tetra-quadric CY diagram
» QOuter-automorphism groups

Ly, Zp X Lo, L3, ZLs

» Obtained geometries

CP! x CP* x CP?, CP? x CP?, CP!' xCP?, CP*
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Conclusion

@ Conclusion

» M-theory compactification on the tetra-quadric CY?
» Folding of tetra-quadric CY diagram
» QOuter-automorphism groups

Ly, Zp X Lo, L3, ZLs

» Obtained geometries

CP! x CP* x CP?, CP? x CP?, CP!xcCP?, cCP*

@ Open questions
» Extension to other CY® manifolds ?
» Useful for stability and thermodynamics behaviors of stringy black

holes ?
>
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Thank You For Your Attention.
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