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Abstract: In thistalk | review some of what we have learned from string theory about the criteria one needs for a quantum theory to& nbsp;be able to
consistently couple to quantum gravity (the landscape) as opposed to one that looks consistent but cannot be consistently coupled to gravity (the
swampland). & nbsp;Moreover, | review some of the cosmological implications of these conditions for our universe.
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String Theory:

A consistent framework which
unifies quantum theory and
Einstein's theory of gravity—a
highly non-trivial accomplishment!
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Joining and splitting
of strings leads to
interaction between
strings

| &

Time
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Resolves the inconsistency between
quantum theory and gravity
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Extra Dimensions
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The String Landscape
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This leads to the vast string landscape
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Our Universe

Pirsa: 19090116 Page 13/63



HUGE

This raises the question:
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Landscape of string vacua is vast.

Can any imaginable universe occur as a
point in the string landscape?

NO!

MOST

Swampland

irsa: 19090116 Page 15/63



\

v Swamgtand L5
- ' . "’:..

e

|

Pirsa: 19090116 Page 16/63




We do not know!
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String Landscape and Swampland

In string theory we construct vacua by going from
higher dimensions (say 10,11,12) to lower
dimensions by compactification: D—>d through a
manifold M.

M - d-dimensional physics

Huge # of possible M’s—> huge string landscape
Invert the map: Just start from any consistent
looking effective theory in d dimensions and let
string theorists worry about finding the M!
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However we have learned this is not a correct
picture:

Almost no consistent looking effective theory can
be coupled to gravity consistently and belong to
the String Swampland! The ones that can couple
to gravity consistently are rare!

\/ Eff. Theories
J\/\ \<\ >
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Some basic facts about black holes:
M>Q

M=Q

]___

9.

S=(A/4) Ai
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Event Horizon
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Criterion 1: Only Gauge Symmetries
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Criterion 2: All Charges in the Spectrum
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Criterion 3: Finite Range for Fields

P

-00 <P < +00
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Criterion 4: Extended Objects

(like M-theory
membrane or strings in string theory)
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R>1—¢p>0

p>1

<0
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R—0

The only natural mechanism for this to
happen is if we have extended objects like
string or membranes which can wrap the

circle and as the circle becomes small they
become light!
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Criterion 5: Gravity as the Weakest Force

¢
.
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Resolution:
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No non-supersymmetric AdS is stable!
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6-Swampland and Cosmology?

Can we learn anything about
cosmological questions from
swampland idea?
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Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.
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Afterglow Light
Pattern
380,000 yrs.

Inilalie

Quantum
Fluctuations

Dark Energy
Accelerated Expansion

Dark Ages Development of
Galaxies, Planets, etc.

e TG BT IS o TR 4 A e

%!’ : ;ﬂ 'r

18t Stars
about 400 million yrs.

Blg Bang Expansion

13.7 billion years

Page 44/63




String theory landscape:

The only universes that last forever have
a special property called supersymmetry.

All the other universes which could have
conceivably lasted forever seem to belong to
the swampland!
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Supersymmetry
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For supersymmetric case:

We have learned quite a bit about supersymmetric
compactifications of string theory.

The allowed solutions for non-compact space
are of two types:

Minkowski—With O cosmological constant.
AdS—W.ith negative cosmological constant.

Many absolutely stable. No stable solution known
without SUSY. No SUSY dS solutions.
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Supersymmetry: Mass

8|

_e_

Not observed!



SUDCTSmettl Mass

Our Universe willlnot last forever!




How long do we have?

log t
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Our universe has dark energy.

Dark Energy, leads to a natural
time scale:




How long do we have?

11 1035 logmt

0

10 1010 104) 1030 1040 Years

t, =10

Is this a coincidence?!
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How about non-susy dS?
Why care about dS?

Because we think we may live in one!

A>0
\i/\
A

>
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Why not rolling scalar potentials (quintessence)?

'V

N

Y

The scalar would typically couple to some matter
fields and its rolling would lead to observable effects.

But, e.g., from z=1 till now 5
8
9a 10"
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Also the coupling of the scalar field to matter would
give rise to a new fifth force’ which would be
detectable at astrophysical distance. The idea that the
scalar field should couple to something is natural in
string theory.

The fifth force would lead to apparent violations of
equivalence principle.

The existence of fifth force is strongly bounded based
on astrophysical observations, making this rather
implausible.
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Not a good argument:

The scalar field should couple strongly to SOME
fields but not necessarily visible matter fields
making their detection more difficult:

The scalar field could couple more strongly to DM.
The rolling scalar anticipates DM and can be part of it.
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But there is another strange feature of quintessence
models:

-122

— 1V ~10

(in Planck units)

But also for the quintessence models not to be in
contradiction with observational bounds on w we

VVI<10™™

Sounds like double fine tuning unless we can

naturally have VVIi=V
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1-The dS Swampland Conjecture
2-TransPlanckian Censorship Conjecture;

-A new swampland condition:
Lower bound ‘VV’>CV for c>0

-TCC: Sub-Planckian quantum fluctuations should
remain quantum

iy , 1
T ST
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Future

If we lived in dS space, the lifetime of the universe,
before there is a phase transition can be arbitrarily
large and typically has nothing to do with the time
scale set by the dark energy:

N

A,

This leaves a puzzle: Why current age is related to

T~ H ~ UK 4
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Future
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Early Universe

Either Conjecture has tensions with inflation:

The dS slope conjecture and field range bound
makes inflation at least fine tuned.

The TCC conjecture wouldqnot allow high scale
inflation. Vis less than ()OGeV)q and again its
initial conditions should be highly fine tuned.

We should look for stringy alternatives to
inflation.
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Conclusion

The swampland ideas are beginning to be sharpened,
extended and better understood.

They define some universal properties of consistent
gquantum gravitational theories.

They could have dramatic implications about our
universe.
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