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From Wikipedia, the free encyclopedia

In physics, in the area of quantum information theory, a

Greenberger—Horne-Zeilinger state (GHZ state) is a ‘0> — H

certain type of entangled quantum state that involves at least ‘ 0) /\% |000)+|111)
three subsystems (particle states, qubits, or qudits). The four- i V2
particle version was first studied by Daniel Greenberger, ‘0> (N

Michael Horne and Anton Zeilinger in 1989, and the three- Generation of the 3-qubit GHZ state using 5
particle version was introduced by N. David Mermin in 1990. quantum logic gates.

[11213] Extremely non-classical properties of the state have

https://en.wikipedia.org/wiki/Greenberger%E2%80%93Horne%E2%80%93Zeilinger_state
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75-qubit GHZ on a superconducting QC (IBM
Heron)(Q-ctrl, 2024)

Achieving computational gains with quantum error correction primitives: Generation of
long-range entanglement enhanced by error detection

Haoran Liao| Gavin S. Hartnett, Ashish Kakkar, Adrian Tan, Michael
Hush, Pranav 8. Mundada, Michael J. Biercuk, and Yuval Baum
Q-CTRL, Los Angeles, CA USA and Sydney, NSW Australia

The resource overhead rasqmml to achieve net n.omuutnumml benefits from quantum error correction
i i lespite exceptional progress
in experimental demonstrations, In this paper, we dm.m.mm that the strategic application of QEC
primitives without logical encoding can yield significant advantages on superconducting processors
relative to any alternative error-reduction strategy—while only requiring modest overhead, We first
present a novel protocol for implementing long-range CNOT gates that relies on a unitarily-prepared
Greenberger-Horne-Zeilinger (GHZ) state as well as a unitary disentangling step; the protocol natively
introduces an error-deteetion process usine the disentaneled aubits as flags. We demonstrate that

24-qubit GHZ on a neural atom QC (Microsoft/Atom
Computing, 2024)

50-qubit GHZ on an ion-trap QC (Quantinuum,
2024)

50 Logical Entangled Qubits, GHZ State > 98% Fidelity

Highly efficient quantum error detection code [[k+2 k.2]]
Logical GHZ state 98.0(9)% < F < 99.0(6)% (64% discard rate)

Physical GHZ state 79(2)% < F < B8(2)%

RN,

1(){50&0/
b

Fidelity estimate measursment significantly increases circuit depth

50-qubit GHZ populations, H2-1 50-qubit GHZ parities.
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SPAM penalty reduces fidelity to 75(1)% - still 50 entangled qubits!

Q) cuanTinuum

Logical computation demonstrated with a neutral atom quantum processor

Ben W. Reichardt,"? Adam Paetznick,! David Aasen,! Ivan Basov,! Juan M. Bello-Rivas,!

Parsa Bonderson,' Rui Chao,' Wim van Dam,' Matthew B. Hastings,! Andres Paz," Marcus P. da Silva,'
Aarthi Sundaram,' Krysta M. Svore,' Alexander Vaschillo,' Zhenghan Wang,' Matt Zanner,'
William B. Cairncross,? Cheng-An Chen,? Daniel Crow,? Hyosub Kim,? Jonathan M. Kindem,?
Jonathan King,® Michael McDonald,? Matthew A. Norcia,® Albert Ryou,* Mark Stone, Laura Wadleigh,”
Katrina Barnes,? Peter Buttﬁglino,z Thomas C. Bohdanowicz,? Graham Booth,? Andrew Brown,?
Mark O. Brown,? Kayleigh Cassella,® Robin Coxe,? Jeffrey M. Epstein,> Max Feldkamp,? Christopher Griger,?
Eli Halperin,® Andre Heinz,? Frederic Hummel,? Matthew Jaffe,> Antonia M. W. Jones,? Eliot Kapit,®*
Krish Kotru,? Joseph Launigan,? Ming Li,? Jan Marjanovic,? Eli Megidish,? Matthew Meredith,”

Ryan Morshead,? Juan A. Muniz,” Sandeep Narayanaswami,? Ciro Nishiguchi,? Timothy Paule,*

re Jay Gambetta @jaygambetta - 3545
¢

New!

Preparing large GHZ states have long been a test of hardware capabilities.
Using the IBM's Heron QPU the team recently showed that 120 logical

. qubits can be entangled in a GHZ state - a new world record. Work done
1 2 O —q u blt G H Z 0 n I B M H e ro n by @AliJavadiAbhari and Simon Martiel.

(IBM, 2025) =

120-qubit GHZ

Green: GHZ root, Blue: GHZ qubits,
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IBM Quantum Platform

— Compute resources

— ibm_brisbane

ibm_brishane

|

o You do not have access to this QPU in ibm-q/open/main. Switch instances or explore plans A

Details

Qubits

127

Status

® Online

Total pending workloads

88 jobs

Median SX error:
2.342e-4

Calibration data

bl Graph view

& Map view

Qubit:

Readout assignment error v

20 errar (best)

Region
us-east

Your instance usage

Median readout error:

1.733e-2

B Table view

Median 1.733e-2
v

min 3.662e-3 max 2.117e-1

2Q error (layered)

Processor type (D):

Eagle r3

Basis gates:

ECR, ID, RZ, SX, X

Median T1.
219.48 us

Expand map view

Connection:

ECR error

Version

1.1.137

Median ECR error:
6.65%-3

Median T2:
129.4us

Last calibrated: 29 minutes ago

Median 6.659%e-3

v

min 2.803e-3 max 1.315e-1

~
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https://quantum.cloud.ibm.com/
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. N Calibration data Last calibrated: about 17 hours ago ~
Qubit Median 1.660e-2 Connection Median 8.462e-3

ECR error v

Readout assignment error v

& Map view B Table view Expand graph view &
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import rustworkx as rx
g = backend.coupling_map.graph.copy().to_undirected()

from rustworkx.visualization import mpl_draw
mpl_draw(g, with_labels=True)
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Depth: 46 (two-qubit depth 14)

Depth: 208 (two-qubit depth 40)
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