Random Quantum Circuits are
Unitary Polynomial-Designs
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Haar Random Unitaries
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Applications of Haar Unitaries
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The Price You Have to Pay...
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Quantum Pseudo-Randomness
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Quantum Unitary Designs
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Quantum Unitary Designs
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Random Quantum Circuits
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Random Quantum Circuits
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Random Quantum Circuits as t-
designs?

S'$j"7TAHH" (MY$8 1 (S6#THBBE6 @"OBIS? (9 EMQo#"(
%$( YoUUH TELUASA%HBR ISE">6ES((




Main Result

S'$)"7TAH#" (410 $&' L(S6#7THOB 6 @"'PBJIS? (9" EdRN@o#"(
%3( YUU#'TOE1YIAS6 A%HBIBIS&">6ES((

J-*2(2YottH DA &"T:6 (1K (,'7%9(r%$&. 1(S6#THELE@" ((
v ISAYEIN KIG#" (%SUUUH# TE1HAS6AYHBEEES((




Data Hiding
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Data Hiding
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Data Hiding
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Efficient Data Hiding
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Efficient Data Hiding
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Circuit Minimization Problem

)'%9 Y6="3(%(H$6 AABELA(6>(A8"(16$61HIL($SHI1G"#('C(E%Y%!

(
S6#7HBA(S'1U9"TEAB_ (((

(SJ<I(_O(16$®_(A8"#"("T6k®6{A8(E%A'>>*(l(ﬂL(g(<ffh id
(

VH">I'S (,'3"#(G'H3&(A'(A8"(764#7THBA(7'1U9"TEAB{(

(

(
S'#'99%#BEI>A(76#7THBEA> (' CEE@BY6="F J<K(|(pIJFIRKK
(

(



Haar Randomness Not Needed
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Equilibration by Unitary Dynamics
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Fast Equilibration by Unitary

Dynamics
2'3(%G'HA(A8T"(>7%9"C("YHB696 G#%I"${((
I'#(38678((&'(3"(8%="(

( z

T 1

dt# " ?

IS(t)I 'quui

(

3,658 $("A(%9(ERIB(E6=">(A8"(G'HE&(J 16$*("$"#EB(E%UK(
(

(

‘HA(3"(:$'3("YH696G#%BB{(CY%>A_((
7T"(E"A>(7'9&(YHB7:9B2(G " #(E"A>(3%#1(YH67:9B(

(

(



Fast Equilibration by Unitary
Dynamics
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Fast Equilibration by Unitary
Dynamics
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Fast Equilibration vs Diagonalizing
Complexity
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Proof of Main Result
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t-Copy Tensor Product Quantum
Expanders
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Relating to Spectral Gap
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Relating to Spectral Gap
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Relating to Spectral Gap
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Relating to Spectral Gap
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Structure of H,,
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Structure of H, ,
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Structure of H, ,
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Lower Bounding A(H,, ,)
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Lower Bounding A(H,, ,)
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Exponentially Small Bound to
Spectral Gap
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Bounding Convergence with
Path Coupling
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Bounding Convergence with
Path Coupling
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Summary
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