Introduction to Quantum
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Lecture 5: Bending space and time
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Overview

® Cups and caps

® Quantum teleportation
® Map-state duality

® Graphical symmetries



Cups and caps



Bell states
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Snake equation
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Teleportation



Quantum teleportation
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Teleportation in OpenQASM

gate Ha {U (pi /2,06, pi)a;}

gate Xa{U(pi, 8, pi) a; }

gate Za {U(®, 0, pi)a;}

gate CXa, b {ctrl@U (pi, ®, pi)a, b;}

qubit input_state ;
reset input_state ;

// Create a Bell state

qubit [2] bell_state ;

reset bell_state ;

H bell_state [0];

CX bell_state [0] , bell_state [1];

// Entangle the input state with Bell state
CX input_state , bell_state [0];

// Measure and correct

bit m1 = measure input_state ;
bit m2 = measure bell_state [0];
if ( m2 == true ) { X bell_state
if ( m1 == true ) { Z bell_state
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Taking names
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Map-state duality



Transpose and adjoint
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Summary:

Can trade time for space in string diagrams
Models (postselected) quantum teleportation
Can trade maps for states in string diagrams: gate injection

Graphical calculus has meaningful symmetries



