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Gray codes

Frank Gray (1887 - 1969)

physicist @ Bell Labs

Suppose you want to transmit a string of bits (0, 1) using an analog device.

naive:
bitstring
(binary)

integer
(base 10)

transmit a signal of that amplitude 

Motivation:

Example: 0111 7



Gray codes

Frank Gray (1887 - 1969)

physicist @ Bell Labs

Suppose you want to transmit a string of bits (0, 1) using an analog device.

naive:
bitstring
(binary)

integer
(base 10)

transmit a signal of that amplitude 

problem: small error in signal amplitude

small error in integer

possibly huge error in bitstring

e.g.
7:     0111

8:     1000

small error huge error

How to associate integers with bitstrings, such that

small changes in integer small changes in its bitstring ? 

Motivation:

<latexit sha1_base64="3j65DVljNth1Kxtp2+fsQEg9sZc="></latexit>)

<latexit sha1_base64="3j65DVljNth1Kxtp2+fsQEg9sZc="></latexit>)
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one way:

“Gray code”Example: bitstrings of length 4

0      0000            0000

binary Gray code

1      0001            0001
2      0010            0011
3      0011            0010
4      0100            0110
5      0101            0111
6      0110            0101
7      0111            0100
8      1000            1100
9      1001            1101

10      1010            1111
11      1011            1110
12      1100            1010
13      1101            1011
14      1110            1001
15      1111            1000

only one bit changes at each step
24 = 16 possibilities

list the bitstrings in a sequence, such that each string differs from its successor in a small way
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one way:

“Gray code”Example: bitstrings of length 4

0      0000            0000

binary Gray code

1      0001            0001
2      0010            0011
3      0011            0010
4      0100            0110
5      0101            0111
6      0110            0101
7      0111            0100
8      1000            1100
9      1001            1101

10      1010            1111
11      1011            1110
12      1100            1010
13      1101            1011
14      1110            1001
15      1111            1000

only one bit changes at each step

etc.

24 = 16 possibilities

list the bitstrings in a sequence, such that each string differs from its successor in a small way



one way:

“Gray code”Example: bitstrings of length 4

0      0000            0000

binary Gray code

1      0001            0001
2      0010            0011
3      0011            0010
4      0100            0110
5      0101            0111
6      0110            0101
7      0111            0100
8      1000            1100
9      1001            1101

10      1010            1111
11      1011            1110
12      1100            1010
13      1101            1011
14      1110            1001
15      1111            1000

only one bit changes at each step

“binary reflected Gray code”

24 = 16 possibilities

list the bitstrings in a sequence, such that each string differs from its successor in a small way



one way:

“Gray code”

• used by Gray for pulse-code modulation - patent 1953 

•

• still widely used for analog-to-digital conversion

• nice mathematical properties

invented earlier:  George Stibitz (patent 1943), Émile Baudot (1875), Louis Gros (1872), …

list the bitstrings in a sequence, such that each string differs from its successor in a small way



recursive construction:  :  list of all n-bit strings arranged in Gray code order
<latexit sha1_base64="MLwhZhfAxFHtkUYnhnRRpZWls/M="></latexit>
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0
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0
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recursive construction:  :  list of all n-bit strings arranged in Gray code order
<latexit sha1_base64="MLwhZhfAxFHtkUYnhnRRpZWls/M="></latexit>

Ln

<latexit sha1_base64="paC+wG1uwpTEqxPB8sWxhKeUQRA="></latexit>

L1

0
1
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01

11
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recursive construction:  :  list of all n-bit strings arranged in Gray code order
<latexit sha1_base64="MLwhZhfAxFHtkUYnhnRRpZWls/M="></latexit>

Ln

<latexit sha1_base64="paC+wG1uwpTEqxPB8sWxhKeUQRA="></latexit>

L1

0
1

00
01

<latexit sha1_base64="pA5eBiUWpZCI/1U/EPF4gbVyYsU="></latexit>

L2

0      0000            0000

binary Gray code

1      0001            0001
2      0010            0011
3      0011            0010
4      0100            0110
5      0101            0111
6      0110            0101
7      0111            0100
8      1000            1100
9      1001            1101

10      1010            1111
11      1011            1110
12      1100            1010
13      1101            1011
14      1110            1001
15      1111            1000

<latexit sha1_base64="dEB+DPu86rfpIS+TCGgpmQIwLFI="></latexit>

Ln := 0→ Ln→1, 1→ L̄n→1

• many generalizations studied in combinatorics “Gray property”: small change at each step

0
1

reverse:
<latexit sha1_base64="Mf+zxJdHMYaCdez0tc+Xf43ErZQ="></latexit>

L̄1
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Quantum computers & quantum state preparation

Quantum computer:  device for preparing and measuring multi-qubit states

Advantage for storing -qubit quantum state: <latexit sha1_base64="IF4XDGCA0eQFFz7c2h9KIB2gt2M="></latexit>n  complex numbers 
<latexit sha1_base64="U/7/MpHfzCTZ0e3CXg3v61lnRGQ="></latexit>

2n vs      qubits <latexit sha1_base64="IF4XDGCA0eQFFz7c2h9KIB2gt2M="></latexit>n

classical quantum

scales exponentially in <latexit sha1_base64="IF4XDGCA0eQFFz7c2h9KIB2gt2M="></latexit>n scales linearly in <latexit sha1_base64="IF4XDGCA0eQFFz7c2h9KIB2gt2M="></latexit>n

!

But how to prepare a given quantum state on a quantum computer,

using the elementary 1-qubit & 2-qubit “gates” (unitary operators) that are typically available?

Quantum state preparation problem

Bet($$$) : provide advantage (over classical devices) for certain tasks



<latexit sha1_base64="J+ayJGbQMvqvVXeLK2zupBYnUZw="></latexit>

|0→ : |ω→ X |0→

1

conditional NOT

<latexit sha1_base64="nqLXledqvSTzatLi/UCbA6GxCBI="></latexit>

|ω→ = 1↑
2
(|0→+ |1→) : |0→ H |ω→

1

Hadamard

|0→ H

|ω→
|0→

1

<latexit sha1_base64="Ege8jIIxZMLeEz9VTj2+vF/6DEs="></latexit>

|ω→ = 1↑
2
(|00→+ |11→) : CNOT

|1i =
✓

0
1

◆
|0i =

✓
1
0

◆

<latexit sha1_base64="BTPK7kFeK2fAM7TLllj3c5kbWRI="></latexit>

|00→ = |0→ ↑ |0→ =





1
0
0
0



 , |01→ = |0→ ↑ |1→ =





0
1
0
0



 , |10→ = |1→ ↑ |0→ =





0
0
1
0



 , |11→ = |1→ ↑ |1→ =





0
0
0
1





<latexit sha1_base64="SRNpNso9oZf0+8w8ZTCPffrfpRM="></latexit>

H =
1→
2

(
1 1
1 ↑1

)

<latexit sha1_base64="AA+9elFB6QjV7i/kPfFL+SIFcNg="></latexit>

CX =





1 0 0 0
0 0 0 1
0 0 1 0
0 1 0 0





Simple examples:
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|0→ : |ω→ X |0→

1

conditional NOT

<latexit sha1_base64="nqLXledqvSTzatLi/UCbA6GxCBI="></latexit>

|ω→ = 1↑
2
(|0→+ |1→) : |0→ H |ω→

1

Hadamard

|0→ H

|ω→
|0→

1

<latexit sha1_base64="Ege8jIIxZMLeEz9VTj2+vF/6DEs="></latexit>

|ω→ = 1↑
2
(|00→+ |11→) : CNOT

☹

(size & depth of quantum circuit are polynomial in ) <latexit sha1_base64="IF4XDGCA0eQFFz7c2h9KIB2gt2M="></latexit>n

!Certain entangled -qubit states can nevertheless be prepared efficiently!<latexit sha1_base64="IF4XDGCA0eQFFz7c2h9KIB2gt2M="></latexit>n

(Product states require few gates; entanglement makes preparation more difficult.)

To prepare a generic -qubit quantum state, need  elementary gates  <latexit sha1_base64="IF4XDGCA0eQFFz7c2h9KIB2gt2M="></latexit>n
<latexit sha1_base64="fZppxVpMucevrx6i2GeTi1S2n1s="></latexit>

O(cn)

|1i =
✓

0
1

◆
|0i =

✓
1
0

◆

<latexit sha1_base64="SRNpNso9oZf0+8w8ZTCPffrfpRM="></latexit>

H =
1→
2

(
1 1
1 ↑1

)

<latexit sha1_base64="AA+9elFB6QjV7i/kPfFL+SIFcNg="></latexit>

CX =





1 0 0 0
0 0 0 1
0 0 1 0
0 1 0 0





Simple examples:



Javadi-Abhari et al. 2510.09520
<latexit sha1_base64="uCttXKG7bmM30rSiWUZJCDX9HEk="></latexit>

n = 120 IBM

...

|0→ H

|0→

|0→

|0→

1

•

•

circuit size & depth 
<latexit sha1_base64="19MuvbERem7Gsw+z9ZHqgiZbJv4="></latexit>

O(n)

constant depth using intermediate measurements Smith et al. 2210.17548; Bäumer et al. 2308.13065; …

GHZ (Greenberger-Horne-Zeilinger) states



: equal-weight superposition of all -qubit basis states with  ’s <latexit sha1_base64="IF4XDGCA0eQFFz7c2h9KIB2gt2M="></latexit>n
<latexit sha1_base64="z7s7K3epPplOc5PwfDukx3oFrU4="></latexit>

k
<latexit sha1_base64="/eukwNMtoseRErHfi275uulWQ5I="></latexit>

|1i
<latexit sha1_base64="ebyCxKw3r6UMs1a692WjJeUUC2g="></latexit>

|D4
2i =

1p
6
(|1100i+ |1010i+ |0110i+ |1001i+ |0101i+ |0011i)Ex: fixed Hamming weight

permutation-invariant

Dicke states

<latexit sha1_base64="xUXlwByBPNuXSw3yPUrwD9lIT7I="></latexit>

S� = Sx � iSy
<latexit sha1_base64="4C20b6XJxzlEjGSwOSDIauiKpM4="></latexit>

|Dn
k i /

�
S�

�k |0i⌦n

<latexit sha1_base64="QWiDGY7hvuZEOA+Qkqf/xt3M+AA="></latexit>

~S =
nX

i=1

~Si

total spintotal spin lowering

<latexit sha1_base64="70qNuoZaSsG6J16Vtbsc/VxTby8="></latexit>

|Dn
k i

<latexit sha1_base64="9Lwrq8gZ0/qdL/vrHGbsqyNE5XY="></latexit>

ωSi = I→ . . .→ I→

i
→
ωε

2
→I→ . . .→ I

spin-1/2

# nonzero bits

# 1’s
<latexit sha1_base64="MKAoa1F1+jzOx3OZT1vc/TLCMfs="></latexit> =

<latexit sha1_base64="MKAoa1F1+jzOx3OZT1vc/TLCMfs="></latexit> =

: equal-weight superposition of all -qubit basis states with  ’s <latexit sha1_base64="IF4XDGCA0eQFFz7c2h9KIB2gt2M="></latexit>n
<latexit sha1_base64="z7s7K3epPplOc5PwfDukx3oFrU4="></latexit>

k
<latexit sha1_base64="/eukwNMtoseRErHfi275uulWQ5I="></latexit>

|1i

How to prepare?



Ex:
<latexit sha1_base64="02rn6Mmlvst0vR7H7ZaHx0hMuq4="></latexit>

|D4
2i

• other approachesFigure 2: The complete circuit diagram for the open XXZ Bethe state with � = 0.5, h =
0.1, h′ = 0.3, see (A.8), for the case L = 4, M = 2, and Bethe roots 0.682741, 1.38561. Here
the barriers separate the di↵erent Wm, see (3.7) and (3.11). The fourth and fifth u-gates
correspond respectively to b = 10 and b = 01.

Figure 3: The complete circuit diagram for the closed XXZ Bethe state with � = 1.005, see
(A.1), for the case L = 6, M = 3, and Bethe roots 0.0112138, 1.04159 − 0.7291i, 1.04159 +
0.7291i. Here the barriers separate the di↵erent Wm, see (3.7) and (3.11).

9

 Wang, Terhal 2104.14310;  Buhrman et al. 2307.14840; Bond et al. 2312.05060;
Piroli et al. 2403.07604; Yu et al. 2411. 03428;  Liu et al. 2411. 04019;  Vasconcelos, Joshi 2601.10693

Recursive algorithm

<latexit sha1_base64="ebyCxKw3r6UMs1a692WjJeUUC2g="></latexit>

|D4
2i =

1p
6
(|1100i+ |1010i+ |0110i+ |1001i+ |0101i+ |0011i)Ex:

Bärtschi, Eidenbenz 1904.07358

<latexit sha1_base64="fUQkhJ7NWTiNeYyhF1N50YGYV5A="></latexit>

(|110i+ |101i+ |011i)⌦ |0i
<latexit sha1_base64="+v0xwRMtIncz836OTgsgyocCMmE="></latexit>

(|100i+ |010i+ |001i)⌦ |1i

<latexit sha1_base64="HnWVE6FHZ0sCI9qI8aZesqNeyN4="></latexit>| {z } <latexit sha1_base64="HnWVE6FHZ0sCI9qI8aZesqNeyN4="></latexit>| {z }

<latexit sha1_base64="iM52FUWh4THvvTTnVIgvD4OxEgw="></latexit>

|D4
2i =

r
1

2
|D3

2i ⌦ |0i+
r

1

2
|D3

1i ⌦ |1i

circuit size  & depth  
<latexit sha1_base64="A5uxIqkU3smx3YokkH3CGGZ3c+E="></latexit>

O (k(n� k))•



•qudit (d-level) generalizations
<latexit sha1_base64="Tt7EjGZfzKUTo+eMxa1Chla+pQ0="></latexit>

|0→ =





1
0
0
...
0




, |1→ =





0
1
0
...
0




, . . . , |d↑ 1→ =





0
0
...
0
1





digit sum = 2

<latexit sha1_base64="CYenFVLeWvPOPt56rchBCJptyEs="></latexit>

|D(s)
n,k→ ↑

(
S→

)k |0→↑n

<latexit sha1_base64="thppCLQA+erTQphx/YSKuHcaCtM="></latexit>

d = 2s+ 1
<latexit sha1_base64="iSv+JkWtyll1tSFNRJFcIX0tBpo="></latexit>

s = 1
2 , 1,

3
2 , . . .

<latexit sha1_base64="QWiDGY7hvuZEOA+Qkqf/xt3M+AA="></latexit>

~S =
nX

i=1

~Si

<latexit sha1_base64="6PvC696QP5iyGgU9z+rq46H5KKc="></latexit>

|D(1)
3,2→ =

2↑
15

(|011→+ |101→+ |110→) + 1↑
15

(|002→+ |020→+ |200→)

fixed Hamming weight fixed digit sum = k

spin-s

Example with s=1:

“su(2) spin-s Dicke states”
<latexit sha1_base64="rKMx2eN8x6lrJIGvO+18MGmZp1w="></latexit>

ωSi = I→ . . .→ I→

i
→
ωS →I→ . . .→ I

<latexit sha1_base64="jvYCbOm3duZ98OYgbEvAsF2TG8I="></latexit>

1→
6
(|012↑+ |021↑+ |102↑+ |120↑+ |201↑+ |210↑)

“su(d) Dicke states”

Example with d=3:

N, Raveh 2301.04989; Raveh, N 2308.08392 ; N, Ravanini, Raveh 2402.03233 ; Raveh, N 2408.04729;  
Kerzner, Galeazzi, N 2507.13308

 (0,1, 2 )d=3
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Bethe states

Hamiltonian

quantum integrable •

•

 local conserved quantities
<latexit sha1_base64="19MuvbERem7Gsw+z9ZHqgiZbJv4="></latexit>

O(n)

expressions for exact eigenstates
not true for generic Hamiltonians

<latexit sha1_base64="RCmp2pQPTXbyQ4AFaWXQ2ljng74="></latexit>}

Ex: eigenstates   of periodic spin-1/2 Heisenberg (XXX) spin chain with  sites
<latexit sha1_base64="PTkkgjLt3pkQGh8sl9gL/d4Ol8Y="></latexit>

|Bn
k → <latexit sha1_base64="IF4XDGCA0eQFFz7c2h9KIB2gt2M="></latexit>n

~� = (�x,�y,�z) Pauli spin matrices

<latexit sha1_base64="62IEnl0XP37w+9t4W36j5mYG+Ig="></latexit>

H = →1

2

n∑

i=1

(ωεi · ωεi+1 → I)

spin-1/2 = qubits



coordinate Bethe ansatz:

<latexit sha1_base64="/rByYQZLGj5FctZI3RZDWr2praI="></latexit>

f(x1, x2, . . . , xk) =
∑

P→Sk

AP (ω ) e
i
∑k

j=1 Pjxj

<latexit sha1_base64="T70s7NHSfaawGefoEzl+yUbqQys="></latexit>

AP (ω ) =
∏

j<l

(
1→ (ei Pj → 1)(ei Pl → 1)

ei Pj → ei Pl

)

total spin

k = # flipped spins = Hamming weight

<latexit sha1_base64="3j65DVljNth1Kxtp2+fsQEg9sZc="></latexit>)

Bethe 1931

<latexit sha1_base64="Tb4h27uhLtCl7ZZ7bdWlBBHLVTw="></latexit>

ei j =
uj +

i
2

uj → i
2

 “Bethe roots” 
<latexit sha1_base64="8BtXNDF0K6fOBhMDrovwaO1/gKM="></latexit>

{u1, u2, . . . , uk}
<latexit sha1_base64="T4e/VxY+6rrrePWNFIkwt/IwROw="></latexit>(
uj +

i
2

uj → i
2

)n

=
k∏

l →=j
l=1

uj → ul + i

uj → ul → i
, j = 1, 2, . . . ksolutions of  “Bethe equations” : 

<latexit sha1_base64="ktwQ/xZOEPUModuw65+B9VkhOGc="></latexit>

E =
k∑

l=1

1

u2
l +

1
4

<latexit sha1_base64="s8B4OijleKOV16w8g1ALZCo5xtM="></latexit>

H |Bn
k → = E |Bn

k →
<latexit sha1_base64="Ql7+GWwYBKOuDUFqN/vwV9ML1ZM="></latexit>

S+ |Bn
k → = 0

<latexit sha1_base64="5V9J6OZNXgkrrSnkQ9FauK6ruTk="></latexit>

Sk : group of permutations of
<latexit sha1_base64="4MuVjzlV/0kpCsY9XJ+6corn0EY="></latexit>

1, . . . , k

SU(2) highest-weight states

<latexit sha1_base64="hMK6FzV3oNx3rtQRDTnElbvBIQg="></latexit>

Sz |Bn
k → =

(n
2
↑ k

)
|Bn

k →

<latexit sha1_base64="LsGC9P4dKKJqzg6m99oqUr+NFSY="></latexit>

s =
n

2
→ k

<latexit sha1_base64="RE7J0Fn5YorkXsbOQOQ62hXVirY="></latexit>

Sz =
n∑

i=1

Sz
i

<latexit sha1_base64="I//1vrkREEYmNJ4xcmsNLUOssRo="></latexit>

|Bn
k → =

∑

1→x1<x2<...<xk→n

f(x1, x2, . . . , xk)ω
↑
x1

ω↑
x2

. . .ω↑
xk

|0→↓n

Faddeev & Takhtadzhyan1981



total: X

degeneracy

0 - 0 5

1 2 3

1 2 3

1 4 3

2 2 1

2 6 1

E
<latexit sha1_base64="hWa51m7tQdMZdfJed3MzTyIkqKg="></latexit>uj

<latexit sha1_base64="+1YCDSWlDKWZGMTTBRAzBjjSwic="></latexit>

1
2

<latexit sha1_base64="TexaWH4OA90IEOBvFDrpuhPliWA="></latexit>

� 1
2

<latexit sha1_base64="sCHRNPHgXJ4xXNlVXQUj31pykr8="></latexit>

0

<latexit sha1_base64="BKq94Ucd1n4JFDMQiFB1BydZOJM="></latexit>

± i
2

“complete”

<latexit sha1_base64="ecLFvPJbm1dmxXlEEaOjBB5wjrk="></latexit>

± 1
2
p
3

<latexit sha1_base64="l5sdM+D7SyhQN4ZZQtm0RexaKEk="></latexit>

n = 4
<latexit sha1_base64="cxM129rQlwsTsF/38TcIXoKK+/s="></latexit>

k = 0, 1, 2

<latexit sha1_base64="18jykjO9eMms4yQVrHPm18KHui8="></latexit>

k

<latexit sha1_base64="Aanox3bQTbfXftRC8sF8z2qt8C8="></latexit>

16 = 24 = 2n

Example:

degeneracySU(2) symmetry )
<latexit sha1_base64="RCmp2pQPTXbyQ4AFaWXQ2ljng74="></latexit>} <latexit sha1_base64="oEd45BJTufG/M+eLNQJdSvc998E="></latexit>

2s+ 1 = n→ 2k + 1
<latexit sha1_base64="TkJpglkJ/e1XGNqYGTiaCARJ9fU="></latexit>

s → 0
<latexit sha1_base64="Rwbc2LXSKyBpDRqzQI0ckZpaC/w="></latexit>

k → n

2

<latexit sha1_base64="B+6MQuuM+JxUsadTC59SFVOttdM="></latexit>

s =
n

2
→ k



Assume Bethe roots  are known.
<latexit sha1_base64="8BtXNDF0K6fOBhMDrovwaO1/gKM="></latexit>

{u1, u2, . . . , uk}

How to prepare the corresponding Bethe state  ?
<latexit sha1_base64="PTkkgjLt3pkQGh8sl9gL/d4Ol8Y="></latexit>

|Bn
k →

Van Dyke, Barron, Mayhall, Barnes, Economou   2103.13388

Sopena, Hunter Gordon, García-Martín, Sierra, López   2202.04673

Ruiz, Sopena, Hunter Gordon, Sierra, López  2309.14430

Ruiz, Sopena, López, Sierra, Pozsgay  2411.02519

Yeo, Kim, Sohn, Jeong   2501.02929

Raveh, N  2403.03283

Sahu, Vidal   2412.00923

Van Dyke, Barron, Barnes, Economou, N   2109.05607

Li, Okyay, N   2201.03021

<latexit sha1_base64="+RuqcpghGLI6YK199skYSRLX98g="></latexit>...

recursion ( ~ Dicke states)

<latexit sha1_base64="RCmp2pQPTXbyQ4AFaWXQ2ljng74="></latexit>}
algebraic Bethe ansatz

(Solving Bethe equations is generally hard, but we’ll come back to this later.)



Figure 2: The complete circuit diagram for the open XXZ Bethe state with � = 0.5, h =
0.1, h′ = 0.3, see (A.8), for the case L = 4, M = 2, and Bethe roots 0.682741, 1.38561. Here
the barriers separate the di↵erent Wm, see (3.7) and (3.11). The fourth and fifth u-gates
correspond respectively to b = 10 and b = 01.

Figure 3: The complete circuit diagram for the closed XXZ Bethe state with � = 1.005, see
(A.1), for the case L = 6, M = 3, and Bethe roots 0.0112138, 1.04159 − 0.7291i, 1.04159 +
0.7291i. Here the barriers separate the di↵erent Wm, see (3.7) and (3.11).

9

Same as circuit for Dicke state          except for angles & these gates
<latexit sha1_base64="QcpjRd78Z4mKeeytl9uORs5cSvI="></latexit>

|D4
2i

Ex:  (n,k) = (4,2)



For k=n/2

Ex:  (n,k) = (4,2)

☹
<latexit sha1_base64="onbVv3cYgd+lmmKHsRzF/9UyUWw="></latexit>(

n

n/2

)
→ 2n√

ωn/2
circuit size  = 

<latexit sha1_base64="A3VRzRZCdHnVBLy4FId4bEEDOPE="></latexit>

O

((
n

k

))

Raveh, N 2404.18244

Figure 2: The complete circuit diagram for the open XXZ Bethe state with � = 0.5, h =
0.1, h′ = 0.3, see (A.8), for the case L = 4, M = 2, and Bethe roots 0.682741, 1.38561. Here
the barriers separate the di↵erent Wm, see (3.7) and (3.11). The fourth and fifth u-gates
correspond respectively to b = 10 and b = 01.

Figure 3: The complete circuit diagram for the closed XXZ Bethe state with � = 1.005, see
(A.1), for the case L = 6, M = 3, and Bethe roots 0.0112138, 1.04159 − 0.7291i, 1.04159 +
0.7291i. Here the barriers separate the di↵erent Wm, see (3.7) and (3.11).

9

• Algorithm can prepare any state with fixed Hamming weight k (not just Bethe states),

“Solve” Bethe equations on a quantum computer: •

variational method (VQE) using Bethe states as trial states, treating Bethe roots as variational parameters

as long as coefficients of computational basis states are known



Other algorithms for preparing any state with fixed Hamming weight:

Mao,  Tian, Sun 2404.05147

Li,  Tian, He, Sun 2508.14470

Luo, Li 2508.17197
<latexit sha1_base64="+RuqcpghGLI6YK199skYSRLX98g="></latexit>...

 using Gray codeFarias, Maciel, Camilo, Lin, Ramos-Calderer,  Aolita  2405.20408



Ex:  (n,k) = (3,1)

Using Gray code:

“Gray property”: only two bits swap at each step

3 bits
Hamming weight 1  

list of possible bitstrings: 100

010
001



Ex:  (n,k) = (3,1)

Using Gray code:

  Hamming weight is preserved 
<latexit sha1_base64="pQ2I1IMbuEiA3bebYq+GTWU7b4Q="></latexit>↭

3 bits
Hamming weight 1  

list of possible bitstrings: 100

010
001

“Gray property”: only two bits swap at each step



Ex:  (n,k) = (3,1)

Using Gray code:

3 bits
Hamming weight 1  

list of possible bitstrings: 100

010
001

  Hamming weight is preserved 
<latexit sha1_base64="pQ2I1IMbuEiA3bebYq+GTWU7b4Q="></latexit>↭

“Gray property”: only two bits swap at each step



Ex:  (n,k) = (3,1)

Using Gray code:

Ehrlich 1970’s

3 bits
Hamming weight 1  

list of possible bitstrings: 100

010
001

<latexit sha1_base64="AvH3NPcDoqW2rmZPnB7xHD05/iw="></latexit>

|100→ ↑↓ cos ω1|100→+ sin ω1|001→

Build quantum state by corresponding sequence of controlled 2-qubit rotations:

  Hamming weight is preserved 
<latexit sha1_base64="pQ2I1IMbuEiA3bebYq+GTWU7b4Q="></latexit>↭

“Gray property”: only two bits swap at each step

Farias, Maciel, Camilo, Lin, Ramos-Calderer,  Aolita  2405.20408
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<latexit sha1_base64="pQ2I1IMbuEiA3bebYq+GTWU7b4Q="></latexit>↭

“Gray property”: only two bits swap at each step

Farias, Maciel, Camilo, Lin, Ramos-Calderer,  Aolita  2405.20408



Ex:  (n,k) = (3,1)

Using Gray code:

Ehrlich 1970’s

3 bits
Hamming weight 1  

list of possible bitstrings: 100

010
001

<latexit sha1_base64="AvH3NPcDoqW2rmZPnB7xHD05/iw="></latexit>

|100→ ↑↓ cos ω1|100→+ sin ω1|001→
<latexit sha1_base64="yn0iHcb8xPHy1xbiny8tapnOv6k="></latexit>

→↑ cos ω1|100↓+ sin ω1 (cos ω2|001↓+ sin ω2|010↓)

Build quantum state by corresponding sequence of controlled 2-qubit rotations:

  Hamming weight is preserved 
<latexit sha1_base64="pQ2I1IMbuEiA3bebYq+GTWU7b4Q="></latexit>↭

“Gray property”: only two bits swap at each step

Farias, Maciel, Camilo, Lin, Ramos-Calderer,  Aolita  2405.20408



Ex:  (n,k) = (3,1)

Using Gray code:

Ehrlich 1970’s

3 bits
Hamming weight 1  

list of possible bitstrings: 100

010
001

<latexit sha1_base64="AvH3NPcDoqW2rmZPnB7xHD05/iw="></latexit>

|100→ ↑↓ cos ω1|100→+ sin ω1|001→
<latexit sha1_base64="yn0iHcb8xPHy1xbiny8tapnOv6k="></latexit>

→↑ cos ω1|100↓+ sin ω1 (cos ω2|001↓+ sin ω2|010↓)
<latexit sha1_base64="f7I9LFUxmobZ+I9p4aM1NiBn7Gg="></latexit>

= a0|100→+ a1|001→+ a2|010→

… but can generalize this idea to prepare more complicated Bethe states!

Build quantum state by corresponding sequence of controlled 2-qubit rotations:

<latexit sha1_base64="A3VRzRZCdHnVBLy4FId4bEEDOPE="></latexit>

O

((
n

k

))
Same circuit size  & depth =  

  Hamming weight is preserved 
<latexit sha1_base64="pQ2I1IMbuEiA3bebYq+GTWU7b4Q="></latexit>↭

“Gray property”: only two bits swap at each step

Farias, Maciel, Camilo, Lin, Ramos-Calderer,  Aolita  2405.20408



Outline

I. Gray codes

III. Bethe state preparation

II. Quantum computers & quantum state preparation

IV. Conclusions

• spin 1/2

• spin s

• nesting

<latexit sha1_base64="RCmp2pQPTXbyQ4AFaWXQ2ljng74="></latexit>}
new



Babujian 1983

<latexit sha1_base64="iLZLwMYOwzb3665IO0+V47deKl4="></latexit>

H(s) =
n∑

i=1

h(xi, s)
<latexit sha1_base64="Y6RtegFKPk57hKt/iudlSLAs64E="></latexit>

xi = ωSi · ωSi+1

<latexit sha1_base64="0WLc8Ig/HqkjfpIxx8vJVUqVOnM="></latexit>

h(x, s) = 2
2s∑

i=1




i∑

j=1

1

j




2s∏

l=0
→=i

x→ xl

xi → xl
+ const

<latexit sha1_base64="ils4+X1kbhITb90uJvVFaPpO2XQ="></latexit>

xl =
1
2 [l(l + 1)→ 2s(s+ 1)]

spin-s

polynomial in x of degree 2s

<latexit sha1_base64="LdkZ+F1abGxp6EUbyCyX9iG8pVE="></latexit>

s h(x, s)
1/2 → 1

2 + 2x

1 1
2x→ 1

2x
2

3/2 → 3
4 → 1

8x+ 1
27x

2 + 2
27x

3

2 → 1
2 + 13

24x+ 43
432x

2 → 5
216x

3 → 1
144x

4

spin-s = qudits
<latexit sha1_base64="Y9Gyx68LqULKbNEt17gbQl9JTjQ="></latexit>

d = 2s+ 1

<latexit sha1_base64="rKMx2eN8x6lrJIGvO+18MGmZp1w="></latexit>

ωSi = I→ . . .→ I→

i
→
ωS →I→ . . .→ IHamiltonian

integrable spin-s XXX chain



coordinate Bethe ansatz:

<latexit sha1_base64="/rByYQZLGj5FctZI3RZDWr2praI="></latexit>

f(x1, x2, . . . , xk) =
∑

P→Sk

AP (ω ) e
i
∑k

j=1 Pjxj

 “Bethe roots” 
<latexit sha1_base64="8BtXNDF0K6fOBhMDrovwaO1/gKM="></latexit>

{u1, u2, . . . , uk}

solutions of  “Bethe equations” : 

SU(2) highest-weight states
<latexit sha1_base64="Ql7+GWwYBKOuDUFqN/vwV9ML1ZM="></latexit>

S+ |Bn
k → = 0

Crampé,  Ragoucy,  Alonzi 2011

<latexit sha1_base64="DmsyUbue65WLwtwIwYOpdR679Nw="></latexit>

e→ =
2s→1∑

j=0

√
2s→ j

j + 1
|j + 1↑↓j|

<latexit sha1_base64="4XPiOCqMhrFqD5forEEMtgh3VJI="></latexit>

ei j =
uj + is

uj → is

<latexit sha1_base64="YWAQQbu7mwC8OFnpUfLGxCrM6+M="></latexit>(
uj + is

uj → is

)n

=
k∏

l=1
→=j

uj → ul + i

uj → ul → i
, j = 1, . . . , k

<latexit sha1_base64="IH1v2/HaumhhQmAKuxPH0W62gtg="></latexit>

E = →
k∑

j=1

2s

u2
j + s2

<latexit sha1_base64="XGcu0gcbNdhWeeqy5XPMRbkIGo0="></latexit>

AP (ω ) =
∏

j<l

(
1→ 1

2s

(ei Pj → 1)(ei Pl → 1)

ei Pj → ei Pl

)

<latexit sha1_base64="Nm1DTZG7+oKBt5Z9smk6BleFcZ8="></latexit>

H(s) |B(s)
n,k→ = E |B(s)

n,k→

can act more than once on same site!

<latexit sha1_base64="P8geS79K2ov67JWJVAcehUzv4Dg="></latexit>

Sz |B(s)
n,k→ = (sn↑ k) |B(s)

n,k→
<latexit sha1_base64="RE7J0Fn5YorkXsbOQOQ62hXVirY="></latexit>

Sz =
n∑

i=1

Sz
i

k = # e— = digit sum
<latexit sha1_base64="TAsOEHi5mW5UQ4QXMC7zQQKtTRU="></latexit>

|B(s)
n,k→ =

∑

1→x1→x2→...→xk→n

f(x1, x2, . . . , xk) e
↑
x1 e

↑
x2 . . . e↑xk |0→↓n

known



Zare Harofteh, N 2601.14513

Gray code for bounded integer compositions Walsh 2000

Assume Bethe roots  are known.
<latexit sha1_base64="8BtXNDF0K6fOBhMDrovwaO1/gKM="></latexit>

{u1, u2, . . . , uk} How to prepare the corresponding Bethe state  ?
<latexit sha1_base64="3RaLLjLUaXpPk2eSmj8WXs8ytZE="></latexit>

|B(s)
n,k→

fixed digit sum )

Ex:  (n,k,s) = (3,3,1)

digit sum = 3

list of possible ditstrings:

120
021

111
102

012

210

201

“Gray property”: only two dits change at each step

3 dits  (0,1, 2 )each with 3 levels

 one dit increases by 1, other dit decreases by 1    digit sum is preserved 
<latexit sha1_base64="pQ2I1IMbuEiA3bebYq+GTWU7b4Q="></latexit>↭
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Zare Harofteh, N 2601.14513

Gray code for bounded integer compositions Walsh 2000

Assume Bethe roots  are known.
<latexit sha1_base64="8BtXNDF0K6fOBhMDrovwaO1/gKM="></latexit>

{u1, u2, . . . , uk} How to prepare the corresponding Bethe state  ?
<latexit sha1_base64="3RaLLjLUaXpPk2eSmj8WXs8ytZE="></latexit>
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n,k→

fixed digit sum )

Ex:  (n,k,s) = (3,3,1)

digit sum = 3

list of possible ditstrings:

120
021

111
102

012

210

201

“Gray property”: only two dits change at each step

3 dits  (0,1, 2 )each with 3 levels

<latexit sha1_base64="zHzvtkKFRc6hqlbcrkABB4vfZyw="></latexit>

ωm → ωm+ êi ↑ êj

<latexit sha1_base64="obaqDkQIrKD0MNILXd5BTXjiBA8="></latexit>

i
<latexit sha1_base64="wvfDi0LizSc7355kIZUVc5o2Xbc="></latexit>

j

 one dit increases by 1, other dit decreases by 1    digit sum is preserved 
<latexit sha1_base64="pQ2I1IMbuEiA3bebYq+GTWU7b4Q="></latexit>↭



Zare Harofteh, N 2601.14513

Gray code for bounded integer compositions Walsh 2000

Assume Bethe roots  are known.
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fixed digit sum )
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digit sum = 3
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021

111
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“Gray property”: only two dits change at each step

3 dits  (0,1, 2 )each with 3 levels

<latexit sha1_base64="zHzvtkKFRc6hqlbcrkABB4vfZyw="></latexit>

ωm → ωm+ êi ↑ êj

<latexit sha1_base64="obaqDkQIrKD0MNILXd5BTXjiBA8="></latexit>

i
<latexit sha1_base64="wvfDi0LizSc7355kIZUVc5o2Xbc="></latexit>

j

 one dit increases by 1, other dit decreases by 1    digit sum is preserved 
<latexit sha1_base64="pQ2I1IMbuEiA3bebYq+GTWU7b4Q="></latexit>↭



Build quantum state with fixed digit sum by corresponding sequence of controlled 2-qudit rotations

<latexit sha1_base64="oC4YCkisLmyL6Ig72EpwNjLXEeE="></latexit>

|ωm→ ↑ cos(ε) |ωm→+ eiω sin(ε) | ωm→→
<latexit sha1_base64="r1cclwO/YTjssR75J+WllgdJpwo="></latexit>

ωm→ = ωm+ êi → êj

Gray gate

<latexit sha1_base64="H1bxyVI4EJEVK8HNwXZTaxCN63o="></latexit>

X |µ→ = |µ+ 1→ , X† |µ→ = |µ↑ 1→ <latexit sha1_base64="v2r1QxPhfE75uLl0Gd2eAiMwKvc="></latexit>

modulo d = 2s+ 1



Build quantum state with fixed digit sum by corresponding sequence of controlled 2-qudit rotations

<latexit sha1_base64="oC4YCkisLmyL6Ig72EpwNjLXEeE="></latexit>

|ωm→ ↑ cos(ε) |ωm→+ eiω sin(ε) | ωm→→
<latexit sha1_base64="r1cclwO/YTjssR75J+WllgdJpwo="></latexit>

ωm→ = ωm+ êi → êj

Gray gate

<latexit sha1_base64="H1bxyVI4EJEVK8HNwXZTaxCN63o="></latexit>

X |µ→ = |µ+ 1→ , X† |µ→ = |µ↑ 1→ <latexit sha1_base64="v2r1QxPhfE75uLl0Gd2eAiMwKvc="></latexit>

modulo d = 2s+ 1

<latexit sha1_base64="ogt9gGRZgl+zpNX60Rbf/DonUDs="></latexit>

=





1
. . .

1
eiω cos ω eiω sin ω
→ sin ω cos ω

1
. . .

1





d→d

<latexit sha1_base64="xLKaDFtWC7sypcf505gfcBtdf98="></latexit>

Rmj ,mj→1(ω,ε) = cos(ω)|mj→↑mj |↓ sin(ω)|mj→↑mj ↓ 1|

+ eiω sin(ω)|mj ↓ 1→↑mj |+ eiω cos(ω)|mj ↓ 1→↑mj ↓ 1|+
∑

µ ↑=mj ,mj→1

|µ→↑µ|



Build quantum state with fixed digit sum by corresponding sequence of controlled 2-qudit rotations
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|ωm→ ↑ cos(ε) |ωm→+ eiω sin(ε) | ωm→→
<latexit sha1_base64="r1cclwO/YTjssR75J+WllgdJpwo="></latexit>

ωm→ = ωm+ êi → êj

Gray gate

<latexit sha1_base64="H1bxyVI4EJEVK8HNwXZTaxCN63o="></latexit>

X |µ→ = |µ+ 1→ , X† |µ→ = |µ↑ 1→ <latexit sha1_base64="v2r1QxPhfE75uLl0Gd2eAiMwKvc="></latexit>

modulo d = 2s+ 1

controls

<latexit sha1_base64="ogt9gGRZgl+zpNX60Rbf/DonUDs="></latexit>

=





1
. . .

1
eiω cos ω eiω sin ω
→ sin ω cos ω

1
. . .

1





d→d
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+ eiω sin(ω)|mj ↓ 1→↑mj |+ eiω cos(ω)|mj ↓ 1→↑mj ↓ 1|+
∑

µ ↑=mj ,mj→1

|µ→↑µ|



<latexit sha1_base64="wCmuctKktnd18X+eZjgA6tuW/6Q="></latexit>

a0|012→+ a1|021→+ a2|120→+ a3|111→+ a4|102→+ a5|201→+ a6|210→

Example: (n,k,s) = (3,3,1)

Gray gate



<latexit sha1_base64="wCmuctKktnd18X+eZjgA6tuW/6Q="></latexit>

a0|012→+ a1|021→+ a2|120→+ a3|111→+ a4|102→+ a5|201→+ a6|210→

Example: (n,k,s) = (3,3,1)

Gray gate



<latexit sha1_base64="wCmuctKktnd18X+eZjgA6tuW/6Q="></latexit>

a0|012→+ a1|021→+ a2|120→+ a3|111→+ a4|102→+ a5|201→+ a6|210→

Example: (n,k,s) = (3,3,1)

Gray gate



<latexit sha1_base64="wCmuctKktnd18X+eZjgA6tuW/6Q="></latexit>

a0|012→+ a1|021→+ a2|120→+ a3|111→+ a4|102→+ a5|201→+ a6|210→

Example: (n,k,s) = (3,3,1)

Gray gate



<latexit sha1_base64="wCmuctKktnd18X+eZjgA6tuW/6Q="></latexit>

a0|012→+ a1|021→+ a2|120→+ a3|111→+ a4|102→+ a5|201→+ a6|210→

Example: (n,k,s) = (3,3,1)

Gray gate



<latexit sha1_base64="wCmuctKktnd18X+eZjgA6tuW/6Q="></latexit>

a0|012→+ a1|021→+ a2|120→+ a3|111→+ a4|102→+ a5|201→+ a6|210→

Example: (n,k,s) = (3,3,1)

Gray gate



<latexit sha1_base64="wCmuctKktnd18X+eZjgA6tuW/6Q="></latexit>

a0|012→+ a1|021→+ a2|120→+ a3|111→+ a4|102→+ a5|201→+ a6|210→

Example: (n,k,s) = (3,3,1)

Gray gate



<latexit sha1_base64="wCmuctKktnd18X+eZjgA6tuW/6Q="></latexit>

a0|012→+ a1|021→+ a2|120→+ a3|111→+ a4|102→+ a5|201→+ a6|210→

Example: (n,k,s) = (3,3,1)

Gray gate



<latexit sha1_base64="wCmuctKktnd18X+eZjgA6tuW/6Q="></latexit>

a0|012→+ a1|021→+ a2|120→+ a3|111→+ a4|102→+ a5|201→+ a6|210→

Example:

circuit size  & depth: 
<latexit sha1_base64="3iuccm2842kXAEDASudsE4UPdA0="></latexit>

O(nk) for n → k

<latexit sha1_base64="3Ukpp3ec18jQqL/JWQt8e2WTxk8="></latexit>

O((2s+ 1)n) for worst case k = sn ☹

(n,k,s) = (3,3,1)

Gray gate
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<latexit sha1_base64="RCmp2pQPTXbyQ4AFaWXQ2ljng74="></latexit>}
new



d-level qudits<latexit sha1_base64="/9UoEaQXwgTkaoT+zBah+Az2Hrg="></latexit>

H =
n∑

i=1

(Pi,i+1 → I)

<latexit sha1_base64="MIlIgB88tCruwy0dfc0lWGCHlgM="></latexit>P : permutation (swap) matrix on 

Sutherland 1975

nested coordinate Bethe ansatz for d>2 Yang 1967; Sutherland 1975; Gaudin 1983…

d=3:

<latexit sha1_base64="KUv8WC9y9c2knbkdfe4/xszrg2U="></latexit>(
uj → i

2

uj +
i
2

)n

=
m1∏

l →=j

uj → ul → i

uj → ul + i

m2∏

l=1

uj → vl +
i
2

uj → vl → i
2

, j = 1, . . . ,m1

1 =
m1∏

l=1

vj → ul +
i
2

vj → ul → i
2

m2∏

l →=j

vj → vl → i

vj → vl + i
, j = 1, . . . ,m2

Hamiltonian

 “Bethe roots” , 
<latexit sha1_base64="LES5dpIikdQKmdfj5Nj5DI0jez4="></latexit>

{u1, . . . , um1}
<latexit sha1_base64="hdQcz4rnV0wBFC80e7ba5KRJtNY="></latexit>

{v1, . . . , vm2}

solutions of  “Bethe equations” : 

integrable SU(d)-invariant chain

<latexit sha1_base64="soXjDLkCEGZMkHcv2RPQ0iIeNGY="></latexit>

Cd → Cd



<latexit sha1_base64="DOJIJUgPlhZvMqJcnJfrdTAhFCg="></latexit>

|{u}; {v}→ =
∑

1→x1<...<xm1→n

2∑↑

ω1,...,ωm1=1

f
(ω1,...,ωm1 )

(x1, . . . , xm1 ; {u}, {v}) eω1,0
x1

· · · eωm1 ,0
xm1

|0→↓n

<latexit sha1_base64="IDOuj7HrfyEFuKr+GHQ8hBUQ09Y="></latexit>

f
(ω1,...,ωm1 )

(x1, . . . , xm1 ; {u}, {v}) =
∑

P→Sm1

∑

Q→Sm2

{
ω(P )ω(Q)A(uP (1), . . . , uP (m1))B(vQ(1), . . . , vQ(m2))

→
m1∏

j=1

(
uP (j) +

i
2

uP (j) ↑ i
2

)xj m2∏

l=1

!(vQ(l);uP (1), . . . , uP (yl))
}

<latexit sha1_base64="TjxzKseChKz3lUdkuZnvLQvb3EE="></latexit>

A(u1, . . . , um1) =
∏

1→a<b→m1

(ua → ub + i) ,

B(v1, . . . , vm2) =
∏

1→a<b→m2

(va → vb + i) ,

!(v;u1, . . . , uy) =
1

v → uy → i
2

y↑1∏

l=1

v → ul +
i
2

v → ul → i
2

<latexit sha1_base64="5fmmgndiVE0pSKaGP6wGFVVb3Fo="></latexit>

H |{u}; {v}→ = E |{u}; {v}→
<latexit sha1_base64="5SC2FWcL3Bnru7/rnBYJv2VrGWA="></latexit>

E = →
m1∑

j=1

1

u2
j +

1
4

SU(3) highest-weight states

Liashyk, Pakuliak, Ragoucy 2026
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x1
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f
(ω1,...,ωm1 )

(x1, . . . , xm1 ; {u}, {v}) =
∑

P→Sm1

∑

Q→Sm2

{
ω(P )ω(Q)A(uP (1), . . . , uP (m1))B(vQ(1), . . . , vQ(m2))

→
m1∏

j=1

(
uP (j) +

i
2

uP (j) ↑ i
2

)xj m2∏

l=1

!(vQ(l);uP (1), . . . , uP (yl))
}

<latexit sha1_base64="TjxzKseChKz3lUdkuZnvLQvb3EE="></latexit>

A(u1, . . . , um1) =
∏

1→a<b→m1

(ua → ub + i) ,

B(v1, . . . , vm2) =
∏

1→a<b→m2

(va → vb + i) ,

!(v;u1, . . . , uy) =
1

v → uy → i
2

y↑1∏

l=1

v → ul +
i
2

v → ul → i
2

<latexit sha1_base64="5fmmgndiVE0pSKaGP6wGFVVb3Fo="></latexit>

H |{u}; {v}→ = E |{u}; {v}→
<latexit sha1_base64="5SC2FWcL3Bnru7/rnBYJv2VrGWA="></latexit>

E = →
m1∑

j=1

1

u2
j +

1
4

SU(3) highest-weight states

Liashyk, Pakuliak, Ragoucy 2026

known



Zare Harofteh, N 2606.24659

Gray code for multiset permutations Ko & Ruskey 1992

Assume Bethe roots  are known.
<latexit sha1_base64="s/aocN893l4DEFQ+tEcrafv8aX0="></latexit>

{u}, {v} How to prepare the corresponding Bethe state  ?
<latexit sha1_base64="TQsuwEjfDW/7QAfF/IbkOyJv03k="></latexit>

|{u}, {v}→

Ex:  
<latexit sha1_base64="ClSfGnN6sXGFpS67Bap+WqfCxQw="></latexit>

(k0, k1, k2) = (2, 1, 1) list of possible ditstrings:

0120
0021

0102
0201

0012

1200
0210

# 0’s
<latexit sha1_base64="+0HDSOaFtOoP2jxi5d4/X/C/VAA="></latexit>

k0 = n→m1

#1’s
<latexit sha1_base64="wmExqyxEYgiT/4OVqV7VK+GpcMk="></latexit>

k1 = m1 →m2

# 2’s
<latexit sha1_base64="tJvuJl0utvhsFPHs3F/LGXaKVNk="></latexit>

k2 = m2

1002

2010
2001
2100

1020“Gray property”: only two dits swap at each step
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1002

2010
2001
2100

1020

etc.



Build quantum state by corresponding sequence of controlled 2-qudit rotations

Ex:  
<latexit sha1_base64="ClSfGnN6sXGFpS67Bap+WqfCxQw="></latexit>

(k0, k1, k2) = (2, 1, 1)

<latexit sha1_base64="B5jF+TWvZHAWMzTvfhHhZZXyOvw="></latexit>

|ω(2, 1, 1)→ = a0012|0012→+ a0021|0021→+ a0120|0120→+ a0102|0102→+ a0201|0201→+ a0210|0210→
+ a1200|1200→+ a1002|1002→+ a1020|1020→+ a2010|2010→+ a2001|2001→+ a2100|2100→

Gray gate
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Build quantum state by corresponding sequence of controlled 2-qudit rotations

Ex:  
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circuit size  & depth: 

etc.

<latexit sha1_base64="pE8W6PwM1yGRpmVg0UQaGAQFmX4="></latexit>

D =

(
n
ωk

)
=

n!

k0! k1! k2!

<latexit sha1_base64="Dckyeyo19rhsj5iEUd25t1qlLpI="></latexit>

O(nD)

☹
<latexit sha1_base64="H9lnDg/ZQL96aBhBavvSEGx1Okg="></latexit>

= O(3n) for worst case ωk = (n3 ,
n
3 ,

n
3 )

Gray gate
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<latexit sha1_base64="RCmp2pQPTXbyQ4AFaWXQ2ljng74="></latexit>}
new



Conclusions

•

Quantum state preparation is a fundamental but challenging task in quantum computing•

•

Certain entangled multi-qubit (and multi-qudit) states can be prepared efficiently 

Gray codes provide a simple — but costly — option for preparing general Bethe states

“Take-home message”
Homework:

Thank you for your attention!

Can integrability be exploited to prepare Bethe states more efficiently?


