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Unitary Quantum Mechanics MaxEnt Principle
o
Axioms of quantum mechanics: e MaxFnt (maximum entropy) principle: discrete set of choices + no other info = uniform o ¢
Ax. 1. |0) € H, (|y) = 1. probability. ¢, .
Ax. 2. [ih)se € Hs @ He. e —> branches in Meas. Hyp. 5 equiprobable?
Ax. 3. [¢(t)) =U(t, t)|p(H)). e No! discrete set of choices + physics knowledge = Born rule. Are rsd and blue equally
likely"
+redundant (like 2nd law of thermodynamics e
with Newton’s laws)
Ax. 4. { L, =105 =1, .= Other Assumptions
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ml¥)/\/P(m).
Meas. Hyp. 5. [U)se = >, UnlSn)s|Em)e. N
cas. P [W)se = 2o Wl Sm)s| Em)e Pos. 6. Local (to spacetime point x) properties ,P° of system S are function of super-state: 'y\
PS(|0)se). i
Pos. 7. ,P°(|¥)se) independent of events outside past light cone of x. “space

Pos. 8. Physics is relabelling invariant for a system S.

Pos 7| enforces locality:.

Zurek’s Argument?!

Proof. <
Def. 9. Us envariant wrt |W)se <= FUe: Us Q Ue|V)se = |V) se. P L.E;EL.ZE |\.,>-§|\-,>-§ )
Cor. 10. Local (at x) envariant unitary ,Us does not change system properties: l Z Z /
S
P (Us @ 1|V se) = . PS(|W)se). LIPS ) s W5 )5 W) )
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and a partition of the environment .
We learn from Zurek [1]: 1 1
A F N Ny NN
Lem. 11. With 3> W,.|S,) s Ende, «PS(0)) = o PS([Wonl| S} s Ende) using envari- Eose = —5lEnole|Evoler + 5l Eo)elEoa)e So)s |S)s
ant unitary ,US =5 e~ 8Yn|S VS . Ee = B} Vel EYo)en. o
Lem. 12. If |V, | = |, = v, then ,P(|V)se) = P(-- + 4|Sy)s|Em)e -+ + (3) Physics inspired MaxFnt.
YSm)s|Ene...) using envariant unitary US = [Su){Suls + |SuXSmls + The Schmidt decomposition can now be written as
D tzmn 11O 1
7 )} ren = —— |15, E/ /E” n =+ 1S El /E// n =+ 1S E, /E// " 4
Thm. 13. |\Ijm| _ |\Ijn| — P7§1<|\Ij>88) _ Pg<|qj>88> ’ >855 \/g [l 0 0,0>85| 0,0>5 ’ 0 O,1>«55‘ 0,1>5 | 1 1,0>85| 1,0>5] < )
reducing to equiprobability case!
Spacetime Density Matrices Discussion

. .
In the main text® we show the following, e Unitary axioms — unified description of quantum

Lem. 14 (Cyclicity of Partial Trace). try((1, @ My)Tap) = trp(Tap(la @ My)). mechanics.
Lem. 15. tl"b(<./\/la & 1b>7;b(M/a & 1b)> = Matl”b('];b)./\/lla.

Thm. 16. Consider delocalised space-like separated quantum system a and b. Let the system be in state |W),;,. The

reduced density matrix pt°d = try,(|UXW|,,) is only sensitive to the dynamics U, at the location of a and not to that

at the space-like separated location b.

e Unitary axioms + natural postulates — Born rule.

e Fquivalent to MaxEnt principle with extra info
about quantum universe.

We further show? p;ed R ’ on Ao|c _ u;rgeas( p{fd R | A0>< AO|C>U£easT independent of the state and dynamics at b. e Rational agent using unitary quantum mechanics
Tracing out gives: uses Born rule.
Thm. 17 (Unitary Measurement Axiom). {II,, =
m red m red red
trC (uaceaS(pae ® |A0><A0|C)UaceaST) — tlAC (Z mpae I,ﬂ/ ® Am><"4m’|0> — Z mpae ;rn (5> Him Zm m— Ly m n = Omn m}i P(???/) = tI’ mp ,,J[n
mim " a’nd 10 — Zm mlO 7]LTL
for the 10034 dynamics at c. . . - branches of wavefunction
The spacetime structure along with branching struve- —— = g
local density matrix = L
ture can be represented as a figure: A
spacetime
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