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Maxwell's eq'ns determine fields on spacetime. They are linear.
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Hawking's derivation of the entropy
Thermal state combines S = klogQ and dE = TdS:

Pr(v) oc Q(Ey) = exp(—Ey/kT).

Massless field with (¢ = 0 has particles of energy |p|.

d4
B(x, t):/(%l;; [apefP=1p1) . gfe=iloxpl] 20 ]0) = 0

After a black hole has formed, there is a different vacuum killed by
“negative frequency” operators.

b=y ajaj+Byal, Nj=(0[b[bi0)a = |8y
- J

Coefficients found by projecting ingoing wave with constant
v = ct + r onto outgoing wave with constant u = ¢t — r [Hawking, 1975] .

4GM hc?
log(v — wo) + - = kT = ¢
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Confornally invariant Asymptotically Anti-de Sitter
. — .
Quantum Field Theory Quantum Gravity

This AdS/CFT correspondence (discovered using string theory) has
implications for the following questions.
1. How to make the extra dimensions of string theory compact?
2. What does string theory predict non-perturbatively?
3. How to treat strings (even perturbatively) when the
non-compact space is curved?
4. What changes when a QFT becomes strongly coupled?
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Translations | x/, = x, + a d )
. A d with no preferred scale.

Rotations X, =N}x, (%)

Dilations xL = Ax, 1 Realized in nature in phase
o . . _

Special x|, = 1—X2“b‘ bi)/;Z | d transitions with £ = oo.
X X [Kos, Poland, Simmons-Duffin; 1406.4858]
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How do they fit together?
Amplitudes in terms of s = py - po, t = po - p3, U = P2 - pa:

M(—d's)F(—a't) [(—d's)F (= t)[(—a'u)

Open : , Closed :

M1+ o) M1+ os)MLl+ o/t (1+ ’u)
Type |IB Supergravity Type |IB Supergravity
D3 D3
Z ya
ya y.a
N = 4 Super Yang-Mills with N colours AdS5 x S° near black brane

Type 1IB string theory on AdSs x S° is equivalent to a CFT
labelled by N and BYM [Maldacena; hep-th/9711200] .
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Calculations in AdS are most tractable with
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Asymptotic density of states S = log {2 can be computed by
dimensional analysis in a CFT.

Ex VTl SxVT? = SxE

N = 4 Super Yang-Mills is 3 + 1 dimensional so S = E3/4.
rr M 2 M\
ds2:(1+L2r2> dt* + <1+L2r2) dr? + r?dQ?
High energy states in AdSs x S° are large black holes.

SxAxrg~ (l\/IL2)3/4

Some gauge theory phases at lower energy are harder to study
without the correspondence (witten; hep-th/9803131] .
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The same techniques work for another holographic setup with A/ = 2
SUSY [cB, Chester, Ferrero; 2305.01016] . Result matches open strings for L — oco.
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Leads to exciting ongoing work: brane-like objects in field
theory, new string theory techniques, putting flat and dS
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