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It's all about spin

Standard Model General Relativity
(almost everything) (gravitation)
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What Is spin?
The shape of a field at each point in space.
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What Is spin?
The shape of a field at each point in space.
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Antenna shapes: Spin =1
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Antenna for spin-1 electromagnetic waves
($5 on eBay, in use since 1888)




Antenna shapes: Spin = 2

Antenna for spin-2 gravitational waves
(LIGO, $500 million, first signal in 2015)



Antenna shapes: Spin = 2
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(LIGO, $500 million, first signal in 2015)



Challenge and beauty
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Challenge and beauty
with increasing spin

 More complicated shapes.
 Harder to invent consistent interactions.
» All the more so with quantum uncertainty.

» Consistent theories are more unique and
mathematically special. :
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Gravity: the spin-2 theory

Uniqueness:
Can only have a single spin-2 field, describing
fluctuations in the geometry of spacetime.

Difficulty:
At the quantum level, still work in progress.
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Why quantum gravity is hard
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Why quantum gravity Is hard

Theoretically:

Quantum fluctuations make geometry ill-defined at
éPlanck ~VhG =~ 10_35m

Experimentally:
Gravity Is weak < Planck length is small

107°m 13



Archimedes' solution

“Gilve me a place to stand
where the Planck length
vanishes,

and | will write a theory of
guantum gravity”
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Holography: the foothold at infinity

At greater distances, the Planck length
becomes more and more negligible
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Holography: the foothold at infinity

At greater distances, the Planck length

becomes more and more negligible
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Holography in familiar physics
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Holography in familiar physics

Q = / (Electric field)d.S
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Holography in familiar physics

Q= / (Electric field)dS
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Holography in familiar physics

Gauss' law
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Full realization: AdS/CFT

Quantum gravity described by a non-gravitational
field theory (CFT) at spatial infinity
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Full realization: AdS/CFT

Quantum gravity described by a non-gravitational
field theory (CFT) at spatial infinity
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Straddling the length scales
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At the largest scales: Cosmology

Vacuum
(“Dark”)
Energy:
68%

Atoms:
5%

Dark
Matter:
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Vacuum energy density

» Share of total: 68% and rising

e Value: A ~ 1077J/m?
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Vacuum energy density

» Share of total: 68% and rising

e Value: A ~ 1077J/m?
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A > 0 driving accelerated expansion

Largest
observable
distance

@ Visible Universe _:
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Life between the Planck length
and the cosmological horizon

Smallest meaningful distance:

ZPlanck ~VhG ~ 10_35m

Largest meaningful distance:
CHorizon ™~ 1/\/K ~ 1026m




Losing the foothold at infinity

Can no longer zoom away from the
breakdown of geometry at {pianck
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Losing the foothold at infinity

Can no longer zoom away from the
breakdown of geometry at {pianck
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Losing the foothold at infinity

Can no longer zoom away from the
breakdown of geometry at {pianck

Spatial infinity Is
physically accessible

and has the required
mathematical properties
only for A <0




Holography's performance sheet




Quantum gravity,
guided by observation!
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Trying to adapt what works:
Holography with A > 0

Describe quantum gravity by a non-gravitational
field theory (CFT) at future infinity

Future infinity
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Trying to adapt what works:
Holography with A > 0

Describe quantum gravity by a non-gravitational
field theory (CFT) at future infinity

Future infinity

Must be translated

iInto physics inside
observable regions!
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A small confession

Math Mathematical Physics
physics -



A > 0 quantum gravity as a project
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A > 0 quantum gravity as a project

Existing model;
Holography for higher-spin gravity.
Calculates global state at t = oo

[Anninos, Hartman, Strominger '11]

What | do

|dea for relating t = oo to observable regions:
Work In the elliptic de Sitter universe

[Parikh, Savonije, Verlinde '02]
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1. Vasiliev's higher-spin gravity
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1. Vasiliev's higher-spin gravity

* Theory of interacting fields of all spins 0,2,4,6,...

e Described holographically by the simplest CFT
(non-interacting spin-0 fields)

 Formulation: 1990's. Holography: 2000's.
Holography with A > 0: 2010's.
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2. Elliptic de Sitter space

32



2. Elliptic de Sitter space

32



2. Elliptic de Sitter space

32



2. Elliptic de Sitter space

Same amount
of Information at

Infinity as In the
observable region
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2. Elliptic de Sitter space

Same amount
of information at
Infinity as In the

observable region

Still need to find
the dictionary
between the two
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The dictionary for non-interacting
higher-spin fields
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The dictionary for non-interacting
higher-spin fields
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The dictionary for non-interacting
higher-spin fields

ZCFT = €Xp <— /OO ;l—: > Siw) |Clm(w)2>
0 Im

[Halpern & YN '15] 33



Turning on the higher-spin
Interactions
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Turning on the higher-spin
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Elements of the non-interacting result are

preserved by the (very special) interactions.
[YN '14, YN '15]
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Turning on the higher-spin
Interactions

Elements of the non-interacting result are

preserved by the (very special) interactions.
[YN '14, YN '15]

» Can keep using the tailored geometry of
elliptic de Sitter space.

 Same encoding of the geometry In terms of
fields at Infinity.

34
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What now?
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Turning on the higher-spin
Interactions

» Can keep using the tailored geometry of
elliptic de Sitter space.
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Higher-spin gravity as a bridge

Fixed geometry Dynamical geometry
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Higher-spin gravity as a bridge

Ed*gé‘—%:(sa*so‘—%)*m—i; Sas Sa), =0

dse + W, sa]l, =03 dss+ [W,54], =0
dW +W W =0
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Higher-spin gravity as a bridge [N, '15]

5o x 8% — 20 = (54 % 8% — 20) x KR ; [Sa,54], =0

Vsa+ W,sa]l, =035 V54 + |[W,54], =0

AW +W x W = % (dv% dvP7 s, % sg + dv,yd dv?? S * S5

Fixed geometry Dynamical geometry
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What now?
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What now?

* Finish constructing this first model of
guantum gravity inside horizons.

e Draw lessons.
Which quantities can be calculated/observed?
Finite amount of observable information?

* These tasks involve fundamental work on
higher-spin theory, thus holography.

« Make the model more realistic:
General Relativity, Big Bang...

39
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