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=Ûw Î � 2|wihw|
⌘⇣��� iinput
��� iinput

��� i7Ûw =
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Ûw

��� id
��� i2

��� i1
��� i+

⌘
+. . . +. . . +|si = 1p

d

⇣ - w
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Ûs =
⌘⇣��� iinput
��� iinput2|sihs|� Î
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=Ûw Î � 2|wihw|
⌘⇣��� iinput
��� iinput

Ûs =
⌘⇣��� iinput
��� iinput2|sihs|� Î

|wi

✓̄

sin ✓̄ ⌘ hw|si = 1p
d

|s̄i

|si

Ûw
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Ûw
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sin ✓̄ ⌘ hw|si = 1p
d

Ûw
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|wi

✓̄ |s̄i

|si
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|✓iÛwÛs = |✓ + 2✓̄i
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Ûs



vw

p
d� 1vi 6=w

|wi

|si

|s̄i✓̄

|w̄i

only heavy 

ball moving

equal velocities

only light 

ball movingzero total 


momentum

✓̄

|vi =
��� id

��� i2
��� i1 +vi 6=w ( (

��� iw+vw+ . . .+

d-1



vw

p
d� 1vi 6=w

|wi

|si

|s̄i✓̄

|w̄i

only heavy 

ball moving

equal velocities

only light 

ball movingzero total 


momentum

✓̄

|vi =
��� id

��� i2
��� i1 +vi 6=w ( (

��� iw+vw+ . . .+

d-1
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| i Ûoracle

#oracle calls = b1
4
⇡
p
d� 1c

Grover 1996

Quantum Algorithms 101





“

”



1
M



Quantum Gravity in the Lab 



Quantum Gravity in the Lab 

quantum process



Quantum Gravity in the Lab 

gravitational 
process

quantum process



Quantum Gravity in the Lab 

gravitational 
process

quantum process

holographic

dual



Quantum Gravity in the Lab 

gravitational 
process

quantum process

holographic

dual

large “N” few qubits

experimentalists liketheorists like



Quantum Gravity in the Lab 

gravitational 
process

quantum process

holographic

dual

large “N” few qubits

experimentalists liketheorists like
CHASM



quantum process

few qubitsexperimentalists like



quantum process

few qubitsexperimentalists like

time

now



quantum process

few qubitsexperimentalists like

time

now

“quantum supremacy”



quantum process

few qubitsexperimentalists like

time

now

“quantum supremacy”

“do a computation that, while you could do it on a classical computer,  
is more easily done on a quantum computer”



quantum process

few qubitsexperimentalists like

time

now 2030s?

“quantum supremacy” $

“do a computation that, while you could do it on a classical computer,  
is more easily done on a quantum computer”



quantum process

few qubitsexperimentalists like

time

now 2030s?

“quantum supremacy” $ $$$

“do a computation that, while you could do it on a classical computer,  
is more easily done on a quantum computer”



time

now 2030s?

“quantum supremacy” $ $$$

“do a computation that, while you could do it on a classical computer,  
is more easily done on a quantum computer”

Quantum Gravity in the Lab ?



Quantum Gravity in the Lab 

1. Black-hole-flavored benchmarks 



Quantum Gravity in the Lab 

1. Black-hole-flavored benchmarks 

2. “Quantum gravitational supremacy”? 



Quantum Gravity in the Lab 

1. Black-hole-flavored benchmarks 

2. “Quantum gravitational supremacy”? 

! = 0! = 0

! = 1! = 1
! = 2! = 2

! = + ∞! = + ∞

! = − ∞! = − ∞

! = − 1! = − 1
! = − 2! = − 2

Singularity

Not 
poss

ible, 
faste

r th
an lig

ht

Ligh
t c

on
e

IMAGE CREDIT: 
SEPEHR



2. “Quantum gravitational supremacy”? 

! = 0! = 0

! = 1! = 1
! = 2! = 2

! = + ∞! = + ∞

! = − ∞! = − ∞

! = − 1! = − 1
! = − 2! = − 2

Singularity

Not 
poss

ible, 
faste

r th
an lig

ht

Ligh
t c

on
e

IMAGE CREDIT: 
SEPEHR



2. “Quantum gravitational supremacy”? 

! = 0! = 0

! = 1! = 1
! = 2! = 2

! = + ∞! = + ∞

! = − ∞! = − ∞

! = − 1! = − 1
! = − 2! = − 2

Singularity

Not 
poss

ible, 
faste

r th
an lig

ht

Ligh
t c

on
e

IMAGE CREDIT: 
SEPEHR

wormhole not traversable 

“ER = EPR” 



2. “Quantum gravitational supremacy”? 

! = 0! = 0

! = 1! = 1
! = 2! = 2

! = + ∞! = + ∞

! = − ∞! = − ∞

! = − 1! = − 1
! = − 2! = − 2

Singularity

Not 
poss

ible, 
faste

r th
an lig

ht

Ligh
t c

on
e

IMAGE CREDIT: 
SEPEHR

wormhole not traversable 

“ER = EPR” 



2. “Quantum gravitational supremacy”? 

wormhole traversable 

! = 0

! = + ∞! = + ∞

! = − ∞! = − ∞

Singularity

! = 0

coupling

signal 
 received

Gao, Jafferis, Wall  1608.05687 
Maldacena, Stanford, Yang 1704.05333 

IMAGE CREDIT: 
SEPEHR



2. “Quantum gravitational supremacy”? 

! = 0

! = + ∞! = + ∞

! = − ∞! = − ∞

Singularity

! = 0

coupling |"#$⟩

%& '
( ∑(

&=1 )*
& )+

&

%−&,+!+

-out

ℇ

%&,*!*

%−&,*!*

|"#$⟩ = ∑
.&

%− /
2 .& .&⟩*

.&⟩+

wormhole traversable 

AB, HG, SL, HL, SN, GS, LS, BS, MW 1911.06314 

Gao, Jafferis, Wall  1608.05687 
Maldacena, Stanford, Yang 1704.05333 



2. “Quantum gravitational supremacy”? 

! = 0

! = + ∞! = + ∞

! = − ∞! = − ∞

Singularity

! = 0

coupling |"#$⟩

%& '
( ∑(

&=1 )*
& )+

&

%−&,+!+

-out

ℇ

%&,*!*

%−&,*!*

|"#$⟩ = ∑
.&

%− /
2 .& .&⟩*

.&⟩+

= “do a computation that, while you could do it on a classical computer,  
is more easily done on a quantum computer”

“quantum supremacy”



2. “Quantum gravitational supremacy”? 

! = 0

! = + ∞! = + ∞

! = − ∞! = − ∞

Singularity

! = 0

coupling |"#$⟩

%& '
( ∑(

&=1 )*
& )+

&

%−&,+!+

-out

ℇ

%&,*!*

%−&,*!*

|"#$⟩ = ∑
.&

%− /
2 .& .&⟩*

.&⟩+

= “do a computation that, while you could do it on a classical computer,  
is more easily done on a quantum computer”

“quantum supremacy”

= “exhibit a phenomenon in quantum hardware that, while explainable just in 
terms of  the boundary, is more easily explained by holographic gravity”



2. “Quantum gravitational supremacy”? 

= “do a computation that, while you could do it on a classical computer,  
is more easily done on a quantum computer”

“quantum supremacy”

large “N” few qubits

experimentalists liketheorists like

= “exhibit a phenomenon in quantum hardware that, while explainable just in 
terms of  the boundary, is more easily explained by holographic gravity”



Quantum Gravity in the Lab 

1. Black-hole-flavored benchmarks 

2. “Quantum gravitational supremacy”? 

3. Learn something new about quantum gravity? 

large “N” few qubits

experimentalists liketheorists like


