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Swampland Conjectures

Swampland Conjectures

These are statements about the
properties of a consistent quantum
gravity effective field theory. Are we there?
A consistent theory is a theory with a
(string theoretic) UV completion.
[Vafa, 2005]
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Swampland Distance Conjecture
Swampland Distance Conjecture (SDC)

We are here concerned with one of the conjectures introduced in
[Ooguri, Vafa, 2006]:
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Swampland Distance Conjecture
Swampland Distance Conjecture (SDC)

We are here concerned with one of the conjectures introduced in
[Ooguri, Vafa, 2006]:

Swampland Distance Conjecture

Consider a point pg on the moduli space defining an effective theory,
L. For another point p, the effective theory £ compared to Lg
develops a tower of exponentially light states with mass of the order

e_ad(p07p) ,
where d(po, p) is the geodesic distance. As this distance diverges,

one finds infinitely many massless states leading to breakdown of the
effective theory.

The parameter « is arbitrary and conjectured to be O(mp;) in the
refined version.
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Complex Structure Moduli Space M

We consider the complex structure moduli space of type Il string
theory compactified on Calabi-Yau X.
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oS TR M=z e
Complex Structure Moduli Space M

We consider the complex structure moduli space of type Il string
theory compactified on Calabi-Yau X.

Special geometry is a powerful
toolkit to study M.

The fundamental object of interest
is the period vector II.

- (74)-(43).
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oS TR M=z e
Complex Structure Moduli Space M

We consider the complex structure moduli space of type Il string

theory compactified on Calabi-Yau X.
This allows us to find the Kahler

potential and the metric on Mg

Special geometry is a powerful s
vi

toolkit to study M.
K(z,Z) = — log(ilT' X1T) ,

The fundamental object of interest Gy = 8,-5]K(z,2) ’

is the period vector II.

() ()
22(—1 0)'
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BPS-States

Type |IB string theory
compactified on Calabi-Yau 3-fold,
yields N' = 2, d = 4 supergravity.
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BPS-States
BPS-States

Type IIB string theory
compactified on Calabi-Yau 3-fold,
yields N' = 2, d = 4 supergravity.

In the d = 4 supergravity, we
construct 3-brane wrapped on
cycle

5:qT-E-§,

where S = (B/,A’)T and q is the
RR charge vector.
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BPS-States
BPS-States

Type 1IB string theory The mass of the BPS 3-brane
compactified on Calabi-Yau 3-fold,  [Ceresole, D'Auria, Ferrara, Van
yields A" = 2, d = 4 supergravity. ~ Proeyen, 1995]

In the d = 4 supergravity, we mq = |Zq|
construct 3-brane wrapped on
where
cycle
. _ K/2/
_ T Zg=¢€ (0]
S=q' - X5, q s
- —eK2qT . 5. T
where S = (B/,A’)T and q is the €9

RR charge vector. is called the central charge.
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Are they physical states?
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BPS-States

Are they physical states?

@ Do they exist in the physical theory?
Assumption: Yes, they do.
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BPS-States

Are they physical states?

@ Do they exist in the physical theory?
Assumption: Yes, they do.

@ Are they stable against decay?
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BPS-States
BPS-States

Are they physical states?

@ Do they exist in the physical theory?
Assumption: Yes, they do.

@ Are they stable against decay?
One uses following argument to test the stability.
Consider three 3-branes, A, B and C

Zq(c) = Zq(A) T Zq(B) » Za) Zaw
Mq(C) < Mq(A) + Mq(B) -

Zq(A)
Hence, if arg(Zq(a)) = arg(Zy()), C can decay to A and B or

vice-versa. Otherwise, C will be stable.
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One-Parameter Calabi-Yau Threefolds
One-Parameter Calabi-Yau Threefolds

We can get one-parameter Calabi-Yau manifolds by considering
complete intersection of hyper-surfaces in weighted projective space
P
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One-Parameter Calabi-Yau Threefolds
One-Parameter Calabi-Yau Threefolds

We can get one-parameter Calabi-Yau manifolds by considering

complete intersection of hyper-surfaces in weighted projective space
P

The most interesting case is that of two cubics in P, let's call it Y.
It’s mirror X is given by zero locus of [Libgober, Teitelbaum, 1993]

_1

P1 =3 4 x3 + x5 — z 6 x4x5xg and
1

Py = x3 4 X2 + X — z s x1x0%3

where z parameterises M.
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Period Calculation

The period vector can be calculated using the Picard-Fuchs equation
(94 —352(0+1/32(0+ 2/3)2) fi(z) =0,

d

where 6 = zZ5
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Period Calculation

The period vector can be calculated using the Picard-Fuchs equation
(94 —352(0+1/32(0+ 2/3)2) fi(z) =0,

d

where 6 = zZ5

% 0
5 f>(z base change A Fi(z
fu(2) X'(z)
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Period Calculation

Three singular points

Near z = 0, we have periods due
to [Hosono, Klemm, Theisen, Yau,
1994].
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Period Calculation

Three singular points
Near z = 0, we have periods due

1 to [H KI Theisen, Y;
z = {07 3_67 OO} [ osono, emm, eisen, Yau,
1994].
We solve the differential equation
me) . around other singular points to

find I1(z).
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Period Calculation

Three singular points
Near z = 0, we have periods due
7 — {07 l6’ oo} ‘ to [Hosono, Klemm, Theisen, Yau,
3 1994].

We solve the differential equation

. around other singular points to
find I1(z).

m(z)

Using analytic continuation, we
match them to get symplectic
basis

II(z) = II(z) .
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Results: Metric

z

. 1 . . 1 —_—
Define: ¢ = 35176 - Singular points: < 0, 367 — {0,1,0} .
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Results: Metric

z

. 1 . . 1 —_—
Define: ¢ = 35176 - Singular points: < 0, 367 — {0,1,0} .

The resulting metric
on M for
0<arg(y) < is:
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Results: Metric

z

. 1 . . 1 —_—
Define: ¢ = 35176 - Singular points: < 0, 367 — {0,1,0} .

The resulting metric
on M for
0<arg(y) < is:

0 le Distance
0 00 o0

1 00 Finite
00 0 00
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Results: Metric

Two infinite distance points, two infinite tower of states according to
Swampland Distance Conjecture. J

¢ — 0] and J
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Results: Tower of States

P — 00
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Results: Tower of States

P — 00

Large complex structure Mirror symmetry  Large volume
limit of X3 limit of Y3
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Results: Tower of States
P — 00
Large complex structure Mirror symmetry ~ Large volume
_

limit of X3 limit of Y3

The theory decompactifies at ¢ = oco.
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Results: Tower of States

P — 00

Large complex structure Mirror symmetry ~ Large volume
limit of X3 limit of Y3

The theory decompactifies at ¢ = oco.

Mass and size:

1 1
A=
These are called
Kaluza-Klein states.
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Results: Tower of States

P — 00

Large complex structure Mirror symmetry ~ Large volume
o Ty

limit of X3 limit of Y3
The theory decompactifies at ¢ = oco.
Mass and size: How does the mass scale?
1 1
mnno~ — r~ —
A R

These are called

Kaluza-Klein states.
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Results: Tower of States

P — 00

Large complex structure Mirror symmetry ~ Large volume
T

limit of X3 limit of Y3
The theory decompactifies at ¢ = oco.
Mass and size: How does the mass scale?
me-------—---- > d
sizel | metric
t——m——
mirror map
1 1
mnno~ — r~ —
A R

These are called

Kaluza-Klein states.
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Results: Tower of States

P — 00

Large complex structure Mirror symmetry ~ Large volume
T

limit of X3 limit of Y3
The theory decompactifies at ¢ = oco.
Mass and size: How does the mass scale?
me-------—---- > d
sizel | metric
t————
mirror map
1
—ad
1 1 m~ mge © a=—
mamno~ — ~ — e \/§
A R
These are called [Blumenhagen, Klaewer, Schlechter, Wolf,
Kaluza-Klein states. 2018
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Results: Tower of States

Now we turn to BPS 3-brane
states. Their mass,

mq:eK/2‘qT-E-H‘ .
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Results: Tower of States

Now we turn to BPS 3-brane
states. Their mass,

mq:eK/2‘qT-E-H‘ .

For general g

mq ~ \/— log([¢]) -

Not the end of the story!
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Results: Tower of States

There exists q:

Now we turn to BPS 3-brane 3n
. 3m—4n
states. Their mass, q= m , nnmeZ
n
mq:eK/2‘qT-E-H‘. 1

Mg ~——o—ox .
For general q V —log(|¥])
mgq ~ +/—log([]) -

Not the end of the story!
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Results: Tower of States

There exists q:

Now we turn to BPS 3-brane 3n
. 3m—4n
states. Their mass, q= m , nnmeZ
n
mq:eK/2‘qT-E-H‘. 1

=

mq ~N——————— .
For general q V —log(|¥])

Like before,

mq ~ v/~ log([¢]) - Mg oo 4
Not the end of the story! abO\N " %etric

Abhinav Joshi (BCTP, University of Bonn) String Phenomenology 2019 June 25, 2019 16 / 20
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Results: Tower of States

There exists q:

Now we turn to BPS 3-brane 3n
. 3m—4n
states. Their mass, q= m , nnmeZ
n
mq:eK/2‘qT-E-H‘. 1

=

mq ~N——————— .
For general q V —log(|¥])

Like before,

mq ~ v/~ log([¢]) - Mg oo 4
Not the end of the story! abO\N " %etric

m ~ moe_d
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Results: Tower of States (Stability)

For stability, consider the set of all possible g which leads to all

possible Z.

o Consider this
subset.
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Tower of States (Stabilty)
Results: Tower of States (Stability)

For stability, consider the set of all possible q which leads to all
possible Z.

@ Consider this
subset.

@ Green: stable,
red: can decay.

-5
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Tower of States (Stabilty)
Results: Tower of States (Stability)

For stability, consider the set of all possible g which leads to all

possible Zj.

o Consider this
subset. .

@ Green: stable,
red: can decay.

o Green: infinite

Im(Z2)

set of stable [
states.
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Conclusions

Conclusions

We tested the Swampland Distance Conjecture in Complex Structure
moduli space of type Il string theory compactifications on
one-parameter manifolds.
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Conclusions

We tested the Swampland Distance Conjecture in Complex Structure

moduli space of type Il string theory compactifications on
one-parameter manifolds.

Hundreds of examples with a subset of 14 with hypergeometric
Picard-Fuchs operators.
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one-parameter manifolds.

Hundreds of examples with a subset of 14 with hypergeometric
Picard-Fuchs operators.

In principle, four types of singularities can occur specified by their
limiting mixed Hodge structure. Two of them, called K (a,a,b,b) and
M (a,a,a,a), are at infinite distance.
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Conclusions

Conclusions

We tested the Swampland Distance Conjecture in Complex Structure
moduli space of type |l string theory compactifications on
one-parameter manifolds.

Hundreds of examples with a subset of 14 with hypergeometric
Picard-Fuchs operators.

In principle, four types of singularities can occur specified by their
limiting mixed Hodge structure. Two of them, called K (a,a,b,b) and
M (a,a,a,a), are at infinite distance.

We studied all 14 cases and the one presented here is one of the

interesting ones since it has both type of infinite distance
singularities. K at ¢» =0 and M at ¢ = oo.

Abhinav Joshi (BCTP, University of Bonn) String Phenomenology 2019 June 25, 2019 18 /20



Conclusions

Conclusions

We find a charge sub-lattice of infinite light BPS-states at these
infinite distance points (In addition to KK states at large volume
point.) showing the validity of Swampland Distance Conjecture.
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Conclusions

Conclusions

Future task: Note that we assumed the physical existence of the
BPS states. It is highly nontrivial to actually show that these states
are actually there at those points.
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Conclusions

Conclusions

Future task: Note that we assumed the physical existence of the
BPS states. It is highly nontrivial to actually show that these states
are actually there at those points.

Thank you for listening. Questions? J
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