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The Takeaway
In HST, most of the DOF in a causal diamond 
are not particles. Particles defined by a 
constraint on initial states.

In Asymptotically Minkowski and large radius 
AdS spaces, particles decouple from horizon 
DOF in the limit of large causal diamonds.

Particle interactions arise by “integrating 
out” horizon DOF, which are not high energy. 
Time dependence of Hamiltonian is essential.
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• Causal Diamond of fixed Area holoscreen: 
Hilbert space of dimension eA(Planck units)/4 

• Maximal Diamond in intersection of two 
diamonds : common tensor factor

• Time-like trajectory: nested sequence of 
Hilbert spaces. Hamiltonian defined for each 
trajectory

• Causality: (necessarily) time dependent 
Hamiltonian, couples only DOF in diamond 
together.

• HST: Infinite collection of time-like 
trajectories, with non-compact topology of 
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• initial data slice.

• density matrices in each overlap (others have 
taken to calling this “Strong 
Complementarity”).

• Variables are quantized Dirac eigensections 
on holoscreen, with eigenvalue cutoff - 
guarantees area scaling of entropy. 
Geometry of screen incorporated in algebra 
of variables. Realizes ‘t Hooft’s idea of 
entropy from horizon shape.
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THEFT and QUEFT

• HST satisfies assumptions of Jacobson’s 
derivation of Einstein’s Equations as 
hydrodynamics (THEFT) of system with B-H 
entropy formula.  Always valid, even when 
entropy of actual quantum state is large.

• QUEFT valid only in special situations: quantize 
hydrodynamics only near ground state 
(phonons).
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THEFT and QUEFT

• Jacobson: 

• Apply to every local maximally accelerated 
Rindler observer and assume entropy such 
that 4LP2 dS = dA.  Raychauduri eqn. + dE = T 
dS implies 

• for every null tangent vector: gravitational 
field equation is hydrodynamics of quantum 
system obeying the Bekenstein Hawking law.

H =

�
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Fundamental superalgebra for 4D compactifications. 
Details defining geometry of compact dimensions 
irrelevant to this talk.  N is radius of 2D holoscreen in 
Planck units (i, A are N(N+1)) matrix indices

Particle states defined by a constraint                   
for KN + L matrix elements.  1 << K,L << N.  Non-zero 
matrix elements have block diagonal         , with 
blocks of size Ki and N,   Ki = K     Ki Kj  = LΣ Σ

ψψ†

ψA
i |particle� = 0
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Time (N) dependent Hamiltonian.  Polynomial 
order N independent.  Large N limit 
decouples particles from horizon.  NK + M 
constraints on final state.  K CONSERVED

Particle number and momenta change = 
scattering.

[Qα, Q̄β̇ ]+ = Ki(1,Ωi)µσ
µ

αβ̇
= σµ

αβ̇
P

i
µ.

H =
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N2
Tr ak(ψψ

†)k
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THE LESSON

• Particle physics takes place in special low 
entropy states in which particles are 
decoupled from and unentangled with the 
horizon.  Particle interactions take place by 
biting off and/or regurgitating small bits of 
horizon. Horizon DOF are low energy but 
decouple at large times (cf Matrix Theory).  
Interactions local because they come mostly 
from small causal diamonds.
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The Unruh Effect

• For accelerated observer, H --> 

• Z(a) = 1/N for maximal acceleration.  
Interaction term is fast scrambler.

H = Z(a)
�

P
i
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ak(ψψ
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Brief Aside on de Sitter 
Space

• Definition of particle states and energies by 
a constraint, explains the fixed temperature 
of “dS vacuum”.  Temperature is correct if K 
is energy in Planck units.

• In dS space proper time goes to infinity but 
N stays finite.  Horizon DOF thermalize 
particles on a time scale of order N

• Fits dS black hole formula, where insertion of 
black hole LOWERS the entropy

Tuesday, 26 March, 2013



Back to Minkowski Space
• Particle energy K is asymptotically 

conserved. Consistency conditions of HST 
imply, asymptotically, that spatially translated 
observers have the same S-matrix.

• Particle dispersion relations automatically 
super-Poincare invariant.

• Conjecture: for a subclass of the above 
Hamiltonians, the S matrix is Lorentz 
invariant (conformal group of the holoscreen)
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• If that’s the case, arguments of Mandelstam 
and Weinberg, dating to the 1960s, imply 
that its low energy expansion is given by a 
QUEFT.

• Expansion in local operators in HST originates 
in locality of interaction, a consequence of 
time dependence of the Hamiltonian - not 
from integrating out high energy DOF.
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The Firewall Controversy
• Two key assumptions of AMPS are not valid in 

HST

• 1.Page’s assumption that young BH state is 
generic: In HST the assumption that low 
energy particle physics valid inside horizon 
for t < R implies constraints factorizing 
particle from horizon states.

• 2.Hawking mechanism for “explaining” T is not 
valid.  The bulk of Hawking radiation is
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• produced by interaction between a horizon, 
which is not correctly described by QFT, and 
outgoing particles.  The Hawking calculation 
gets the answer right because the entropy 
of the BH is encoded in the classical 
geometry (periodic in imaginary time).

• In HST the black hole interior contains, for 
any age black hole, o(A3/4 ), DOF which are 
decoupled from the horizon for an internal 
time of order R.  These DOF are 
thermodynamically subleading.  Purity of the 
radiation state is achieved only asymptotically, 
not after the finite Page time.
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Black Holes in Matrix 
Theory - 11D

• TB, Fischler, Klebanov, Susskind: papers 2,3.

• Model of black Hole: 

• Harmonic forces from integrating out off 
diagonals in              + usual inter zero 
brane interaction, makes zero branes into 
Boltzmann particles tethered to classical 
localized solution at the Schwarzschild 
radius.  Entropy comes from zero branes

X = Xcl +
�

δi

[Xa, δai ]
2
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• Zero brane energies are those of Hawking 
particles.  Hawking radiation comes from 
“snapping tethers”: quantum fluctuation of 
off diagonal DOF from their ground state to 
XOD = 0 .

• Model gets long range black hole interaction*, 
entropy to energy relation, Schwarzschild 
radius, and Hawking radiation rate correctly.

• Can compactify up to 3 transverse dimensions 
on torus: finite fraction of entropy comes 
from excitation of internal dimensions, not 
zero branes.
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• Process of Hawking radiation involves 
excitation and relaxation of non-particle DOF.  
The state of the BH is clearly NOT encoded 
in outgoing radiation until the end.  Old black 
hole looks just like young black hole as long 
as entropy is large.

• IS there a firewall?  No. Infalling particles 
are just more D0 branes.  As long as 
transverse separations between infalling D0 
branes are << R, their mutual interactions are 
larger than either interactions with classical 
background X via tethers, or their interaction 
with dilute gas of bound D0 branes.
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Conclusions
• In both HST and Matrix Theory, particle 

interactions arise from integrating out DOF 
which are NOT high energy and decouple 
only when particles are well separated.

• When particles come together, horizon DOF 
excited and they form an essential part of 
and dominant contribution to black holes.

• Hawking radiation involves horizon DOF and 
does not imply entanglement between 
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• particles on two sides of the horizon. 

• Particle physics inside the horizon involves a 
thermodynamically negligible fraction of the 
DOF of black holes.  Consistency conditions of 
HST imply particles must interact strongly 
with horizon on time scale R (t), but no fire-
wall.

• Particle S matrix is unitary but not U(T,-T) 
for asymptotic particle states alone, at any 
finite time.
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