
7/10/257/10/25Managed by Triad National Security, LLC, for the U.S. Department of Energy’s NNSA. 1

Quantum Computing Data Centers, 
Current Trends and Future Outlook

Carleton Coffrin 
Scientist 4 
Information Systems and Modeling

07/30/2025



2

You have probably heard, the next generation AI models are 
expected to require many large data centers

• “Colossus” (one example of a modern AI data center) 
• Built by x.ai to train cutting-edge large language models (LLM) [1] 
• Based in Memphis, Tennessee 

• System Specification 
• ~200k NVIDIA H100 Chips [1] 
• ~300 MW of Energy (at peak) [2] 
• Water cooled servers 

• Infracututre Impacts 
• The power grid could not support immediately, using 10-30 natural gas turbine generators to supplement 
• Water consumption estimated at 1 million gallons per day, wastewater is a viable option [3]

[1] https://x.ai/colossus 
[2] https://www.tomshardware.com/tech-industry/artificial-intelligence/musks-colossus-is-fully-operational-with-200-000-gpus... 
[3] https://en.wikipedia.org/wiki/Colossus_(supercomputer)

Colossus

https://x.ai/colossus
https://www.tomshardware.com/tech-industry/artificial-intelligence/musks-colossus-is-fully-operational-with-200-000-gpus-backed-by-tesla-batteries-phase-2-to-consume-300-mw-enough-to-power-300-000-homes
https://en.wikipedia.org/wiki/Colossus_(supercomputer)
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Bottom Line Up Front

• Data center requirements for large quantum 
computers are expected to be very different than 
AI data centers 

• Quantum Computer Requirements 
• Modest amounts of power 
• Minimal amounts of water 
• Cutting-edge cooling technologies (examples on right) 
• Vibration isolation 
• Cosmic ray protection (maybe) 

• Quantum Computer requirements also vary by the type of 
quantum technology 
• e.g., superconducting, atomic, photonic, …

[1] https://quantumai.google/quantumcomputer 
[2] https://bluefors.com/ 
[3] https://www.maybellquantum.com/about

Dilution Refrigerator Examples

Quantum Computer 
Chandelier Example 

(Google)

[1]

[2] [3]

https://quantumai.google/quantumcomputer
https://bluefors.com/
https://www.maybellquantum.com/about
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Quantum Computers of Today
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Some US Based Quantum Computing Companies

• Atlantic Quantum — Cambridge, Massachusetts 
• Atom Computing — Boulder, Colorado 
• Google — Mountain View, California 
• Hewlett Packard Enterprise — Houston, Texas 
• IBM — Yorktown Heights, New York 
• IonQ — College Park, Maryland 
• Infleqtion — Louisville, Colorado 
• Microsoft — Redmond, WA 
• PsiQuantum — Palo Alto, California 
• Quantinuum — Broomfield, Colorado 
• QuEra Computing — Boston, Massachusetts 
• Rigetti Computing — Berkeley, California

Note, this is not a comprehensive list.
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Examples of Quantum Computers Today
IBM, System Two 

superconducting technology [1]
IonQ, Forte 

atomic technology 
[2] 

Quandela, Belenos 
photonic technology 

[3] 

• All are available for purchase today 
• Can be sited in many types of commercial buildings 
• Require a very reliable supply of power, water, liquid nitrogen

[1] https://mediacenter.ibm.com/media/IBM+Quantum+System+Two 
[2] https://ionq.com/resources/ionq-forte-first-configurable-quantum-computer 
[3] https://www.quandela.com/about-us/newsroom/belenos-the-worlds-most-powerful-photonic-quantum-computer-launched-by-quandela/

https://mediacenter.ibm.com/media/IBM+Quantum+System+Two
https://ionq.com/resources/ionq-forte-first-configurable-quantum-computer
https://www.quandela.com/about-us/newsroom/belenos-the-worlds-most-powerful-photonic-quantum-computer-launched-by-quandela/
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Quantum Computers of the Future 
(~2030)
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IBM’s Quantum Computing Roadmap 

[1] https://www.ibm.com/quantum/technology#roadmap

Size of the quantum 
computer today

Size of the quantum 
computer in ~2033

[1]

https://www.ibm.com/quantum/technology#roadmap
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PsiQuantum’s Quantum Computing Plan

• Illinois Quantum and Microelectronics 
Park (IQMP) 
• Lots more info at iqmp.org 

• PsiQuantum Building-Scale Deployment 
• “The Illinois state budget for the fiscal 

year 2025 includes $500M committed to 
the development of the Quantum Park, 
including $200M for the build-out of a 
Cryogenic Plant to serve the cooling 
needs for PsiQuantum and other potential 
users.” [2]

[1] https://capitolnewsillinois.com/news/quantum-business-park-coming-to-chicago-backed-by-700m-from-state-of-illinois/ 
[2] https://www.psiquantum.com/news-import/illinois-iqmp

[1]

[2]

https://iqmp.org/
https://capitolnewsillinois.com/news/quantum-business-park-coming-to-chicago-backed-by-700m-from-state-of-illinois/
https://www.psiquantum.com/news-import/illinois-iqmp
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Summary of Key Points

• Today’s quantum computers do not require dramatic changes to critical infrastructure 
• Existing commercial buildings often have sufficient — Space, Power, Water, … 
• Very-high reliability of this existing infrastructure is important 

• Future quantum computers may require specialized facilities, but upgrades to critical 
infrastructure appear to be modest 
• Cryogenic capabilities appear to be the most novel potential infrastructure need 
• A robust supply of liquid nitrogen and helium may be important 

• Now is a good time to engage with the quantum computing industry to understand 
future requirements for quantum data centers (~2030) and put the foundations in 
place for those needs



11

Thanks!
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Backup Slides



• Thought Experiment 
• “After all the Quantum Advantage 

demos are done, then what?” 

• A much more fundamental 
question than you might expect

14

What will we use quantum computers for?
What QC can  

do “soon”

Society forever 
changed 
“target”

Guiding Star
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Preliminary Results from a Previous DARPA Program

Distribution Statement ‘A’ (Approved for Public Release, Distribution Unlimited) 8

Applications that could benefit from a 
quantum coprocessor: 

• Simulating correlated materials
• Developing corrosion resistant materials
• Developing new rocket fuels and explosive 

materials
• Dynamical simulations (for new solar cells, 

better understanding of biological processes, 
and magnetic materials)
• New methods to compile algorithms to fault-

tolerant quantum architectures

Preliminary results from Quantum Benchmarking

Preliminary evidence suggests that large-scale quantum computers could be industrially useful

Grey solid circles represent pessimistic resource estimates.  Colored circles are optimistic resource estimates 
based on known improvements.  All points supported by detailed published pre-prints.
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Computational fluid 
dynamics
Homogeneous catalysis
Fermi-Hubbard HTSC
Corrosion-resistant 
materials
Metalloprotein binding 
affinity
Rocket fuel propellant
Phases of magnetic 
materials
Dynamics of magnetic 
materials
NMR experiment 
simulations
MagLab
Fermi-Hubbard dynamics
Open quantum systems

[1] https://www.darpa.mil/work-with-us/quantum-benchmarking-initiative

Potential Applications of Quantum
Computing at Los Alamos National
Laboratory

v0.1.0

Andreas Bärtschi, Francesco Caravelli, Carleton Coffrin1, Jonhas
Colina, Stephan Eidenbenz, Abhijith Jayakumar, Scott Lawrence,

Minseong Lee, Andrey Y. Lokhov, Avanish Mishra, Sidhant
Misra, Zachary Morrell, Zain Mughal, Duff Neill, Andrei

Piryatinski, Allen Scheie, Marc Vuffray, Yu Zhang

May 2024

1
Corresponding author cjc@lanl.gov

~150 pages of technical descriptions 
~470 references 

Large software supplement 

arXiv:2406.06625

https://www.darpa.mil/work-with-us/quantum-benchmarking-initiative
https://arxiv.org/abs/2406.06625
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LANL does a lot of Physics Simulation. What will be the first 
workloads to be transformed by quantum computation?
• We estimate around 33% of compute at LANL in FY22 was clearly “Quantum 

Computer Amenable”

24%

2%  
4%

6%

9% 9%
19%

26%
Plasma Physics Material Science
Astrophysics Chemistry
Earth Science Particle Physics
Biology Uncategorized

Quantum Physics 
Simulations

LANL Compute Cycles 
Breakdown by Subject Area
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Some potential applications for quantum computing that 
will impact scientific discovery at LANL

• Spin Materials 
• Spin Liquids (MAGLAB) 
• Multiferroic Materials 
• Neutron Scattering 

• Super Conducting Materials 
• Theoretical reproduction of 

super conductivity 

• Quantum Chemistry 
• Catalysis for Carbon Capture 

and Combustion 

• Quantum Optics 
• Super radiant phase transition 

• Nuclear Physics 
• Parton physics in colliders 
• Neutrino physics flavor 

distributions 

• Maybe Classical Simulation    
(in development) 
• Plasma, Turbulence 
• Oscillator networks

Potential Applications of Quantum
Computing at Los Alamos National
Laboratory

v0.1.0

Andreas Bärtschi, Francesco Caravelli, Carleton Coffrin1, Jonhas
Colina, Stephan Eidenbenz, Abhijith Jayakumar, Scott Lawrence,

Minseong Lee, Andrey Y. Lokhov, Avanish Mishra, Sidhant
Misra, Zachary Morrell, Zain Mughal, Duff Neill, Andrei

Piryatinski, Allen Scheie, Marc Vuffray, Yu Zhang

May 2024

1
Corresponding author cjc@lanl.gov

~150 pages of technical descriptions 
~470 references 

Large software supplement 

18 staff from across the lab working for 18 very intense months…

arXiv:2406.06625

https://arxiv.org/abs/2406.06625
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The current gap between quantum hardware performance 
and application requirements projected to close by 2030*
• What type of quantum computer will it take to 

achieve transformational-impact on quantum 
computing applications? 

• Very limited understanding until DARPA’s 
Quantum Benchmarking program 

• Preliminary findings from Quantum 
Benchmarking (right) 
• Initial application impact occurs around ~100 

logical qubits 
• Wide application impact occurs around ~1000 

logical qubits 
• Number of required gates >108 a good target is 

something like ~1014

FTQC Staircases
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FIG. 3. Estimates of the resources required to implement three applications, assuming the qubit parameter
examples specified in Table II. We explore a trade-o↵ in the quantum dynamics application by consider-
ing two implementations: one which uses su�cient T factories to supply the needs of the shortest-depth
algorithm and another which slows the algorithm down, allowing for a reduced number of T factories.

the other models results in about three orders of magnitude longer application run times. For
quantum chemistry, this leads to impractical runtimes of more than a century.

To build the tool and obtain these estimates we have made many choices including what algo-
rithmic, compilation and QEC options to include and also what approximations and assumptions to
make. Other resource estimation works have made di↵erent choices, which leads to small di↵erences
in estimates [42]. In the appendices, we point out more explicitly these choices, assumptions and
approximations, and in particular, collect together our primary assumptions in Appendix G. We
anticipate that future work will extend and improve the tool and framework in two ways. Firstly,
the estimates for a given stack will become more accurate as assumptions and approximations are
honed and made more realistic, for example by including more detailed and nuanced noise models.
Secondly, the estimates will become more favorable as improved solutions and optimizations are
included in the stack and resource models, such as algorithmic improvements and hand-optimized
compilation of important subroutines. We expect the broad conclusions that we draw from these
results in the next section to hold true despite these choices, approximations and assumptions.
This is because our conclusions are relatively insensitive to order of magnitude changes in resource
estimates.

IV. TECHNOLOGICAL IMPLICATIONS AND CONCLUSIONS

More than two decades ago, DiVincenzo [36] specified a set of fundamental requirements that
any usable quantum computer should satisfy. For example, DiVincenzo identified the necessity of
low error rates, by requiring long relevant decoherence times, much longer than the gate operation
time. Since then, a variety of qubit technologies that satisfy DiVincenzo’s criteria have been
developed, including technologies such as superconducting and trapped ion qubits. However, it is
an open question as to what additional conditions beyond DiVincenzo’s criteria a qubit technology

19

What would LANL do with 100 Logical Qubits? There are 
useful theoretical models that can be studied at this scale.

• Simulation of the dynamics of quantum spin 
systems is widely believe to the be first 
useful scientific computations that one use 
a quantum computer for 

• MS “Quantum Dynamics” application 
• “Assessing requirements to scale to practical 

quantum advantage” arXiv:2211.07629 

• IBM’s “Quantum Utility” demo 
• “kicked Ising” experiment 
• s41586-023-06096-3

“Simple” 8 Qubit System

Formation of Magnetic Microphases in Ca3Co2O6

Y. Kamiya and C.D. Batista
Theoretical Division, T4 and CNLS, Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA

(Received 8 March 2012; published 8 August 2012)

We study a frustrated quantum Ising model relevant for Ca3Co2O6 that consists of a triangular lattice of

weakly coupled ferromagnetic chains. According to our quantum Monte Carlo simulations, the chains

become ferromagnetic and form a three-sublattice ‘‘up-up-down’’ structure for T ! TCI. In contrast, long-

wavelength spin-density-wave microphases are stabilized along the chains for TCI < T < Tc. Our mean

field solutions reveal a quasicontinuous temperature dependence of the modulation wavelength, implying

the existence of metastable states that explain the very slow dynamics observed in Ca3Co2O6. We also

discuss implications of microphases for the related multiferroic compoundsCa3CoMnO6 andLu2MnCoO6.

DOI: 10.1103/PhysRevLett.109.067204 PACS numbers: 75.10.Jm, 75.25."j, 75.40.Mg

Introduction.—Geometric frustration, low dimensional-
ity, and quantum fluctuations can lead to exotic phase
transitions and states of matter [1,2] such as the field-
induced magnetization plateaus of SrCu2ðBO3Þ2 [3–5],
the spin-driven ‘‘nematic’’ transition in pnictides [6–9],
and the dimensional reduction in BaCuSi2O6 [10,11].
Ca3Co2O6 is another example comprising a triangular
lattice of ferromagnetic (FM) Ising chains coupled by
weak antiferromagnetic (AFM) exchanges. This compound
exhibits field-induced magnetization steps whose heights
depend on the field sweep history and rate [12–16]. Wewill
show that this out-of-equilibrium behavior has its roots in
exotic equilibrium properties that can be extended to the
related multiferroic compound Ca3Co2"xMnxO6 [17–23].

The Co3þ ions (Co II) on the trigonal prism sites of
Ca3Co2O6 contain 3d

6 localized electrons that generate an
S ¼ 2 spin with large Ising-like anisotropy [24–28]. These
ions form a triangular lattice of FM Ising chains along the c
axis (Fig. 1), and the structure comprises three sublattices
of layers stacked along the c axis in an ABCABC . . .
configuration. Although the AFM interchain couplings J2
and J3 [29] [Fig. 1(a)] are an order of magnitude smaller
than the intrachain FM exchange, jJ1j ¼ 2' 10 K [24,29],
we will show that they strongly affect the intrachain spin
correlations over a window of temperatures below Tc.

The initial interest in Ca3Co2O6 was triggered by the
observation of out-of-equilibrium magnetization steps that
appeared at regular field intervals below(8 K and(3:6 T.
A previous study indicated some similarity to quantum
tunneling in molecular magnets [30]. Other studies in-
voked a ‘‘rigid-chain model,’’ in which every chain is
replaced by a single Ising spin by assuming T) jJ1j
[31–35]. Each spin of the resulting triangular lattice Ising
model represents the magnetization of the whole chain, and
it is flipped if g!BH overcomes its molecular field. Within
this simplified framework, regular field intervals result
from the equally spaced discrete molecular field spectrum
of the triangular lattice Ising model [31]. However, this
2D scenario was challenged by the recent discovery of

long-wavelength intrachain spin-density-wave (SDW)
ordering below Tc’25K [16,36,37]. Motivated by this
discovery, Chapon initiated the study of a more realistic
3D lattice model by using a random-phase approximation,
which is valid only close to T ¼ Tc [38].
By combining the quantum Monte Carlo (QMC) simu-

lations and mean field (MF) solutions of the 3D quantum
Ising model relevant for Ca3Co2O6, we reproduce most of
the measured zero-field properties. A sequence of soliton
lattices that lead to the observed SDW order appears for
TCI < T < Tc through the competition between intra- and
interchain couplings. While the transverse field stabilizes a
ferrimagnetic (FIM) up-up-down (UUD) state below TCI

via order by disorder [39], very small longer-range ex-
change couplings, not included in our model, should be
responsible for the actual T ¼ 0 ordering of Ca3Co2O6

[40]. Our MF solutions show that the ordering wave vector
changes quasicontinuously as a function of T, implying the
existence of many competing metastable states. Although
the modulation wavelength increases for a lower T and the
rigid-chain picture is apparently applicable for T < TCI,
the relaxation is known to be extremely slow and

FIG. 1 (color online). (a) Exchange couplings between the Co
II ions: The FM coupling J1 (a thick solid line) and the AFM
couplings J2 (thin solid lines) and J3 (dash lines). The lines
within the layers are projections of the interchain couplings.
(b) The lattice projected on the ab plane. Each dot represents
a chain.

PRL 109, 067204 (2012) P HY S I CA L R EV I EW LE T T E R S
week ending

10 AUGUST 2012

0031-9007=12=109(6)=067204(5) 067204-1 ! 2012 American Physical Society

Quantum Lattice Model

Application Requirements

“Assessing requirements to scale to practical quantum advantage” arXiv:2211.07629.pdf

https://arxiv.org/abs/2211.07629
https://www.nature.com/articles/s41586-023-06096-3
https://arxiv.org/pdf/2211.07629.pdf


• Quantum spin dynamics computations have direct applicability to the 
experimental material science research at MPA-MAGLAB and MPA-Q

20

These theoretical models will directly support frontier scientific 
discovery at LANL in the context of Quantum Magnets 

This is just the tip of the iceberg for  
LANL applications benefiting from Quantum Computing

2 Experimental analysis of magnetic materials at the MAGLAB user
facility

This chapter presents several applications relevant to the MAGLAB user facility. The MAGLAB is
an experimental facility that analyzes several magnetic materials of interest. These include Kitaev
quantum spin liquids (KQSLs), multi-ferroic materials for memory and high temperature super-
conductivity. We focus on the applications of quantum computing in the study of KQSLs, where
the broad research goal is to identify the effective spin Hamiltonian and search for the existence
of the KQSL phase in the phase space. The computational capabilities required are methods for
quantum Hamiltonian simulation and computation of ground states for spin Hamiltonians on given
regular two-dimensional lattices. Current classical approaches cannot be scaled to sufficiently large
system sizes (> 10000 sites) that are required to avoid significant errors from finite size effects.
Consequently, the primary potential benefit of a quantum computer is the ability to perform these
computations at a scale where the results accurately represent experimental observables and prop-
erties of the material. The following table summarizes the computational requirements that must
be met to be of value to research at the MAGLAB.

Hamiltonian Type: Spin Kitaev/Heisenberg Hamiltonian.
Quantum Computational Kernels: Ground State Preparation, Hamiltonian simulation.

Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 2-1
Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 2-1
Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 2-1

3 Exploring exotic phases of magnetic materials near instabilities

This chapter presents applications related to the study of exotic phases in magnetic materials. For
many Hamiltonians, either of theoretical importance or those proclaimed to be effective models for
certain compounds, there are regions in the parameter space of the exchange interactions that defy
classical or semi-classical description. This phenomenon often arises from the presence of long range
entanglement that prevents understanding and prediction of properties of such phases. The com-
putational capabilities required to enable the study of these exotic phases is the ability to compute
specified observables either from the ground state or after simulating simulate the time-dynamics
for a spin Hamiltonian defined on a lattice. Existing classical methods cannot be scaled to large
lattice sizes, where a fault tolerant quantum computer can provide utility by computing these ob-
servables at the desired scale and accuracy. The following table provides a condensed summary of
the computational requirements of the applications.

Hamiltonian Type: Heisenberg spin Hamiltonian.
Quantum Computational Kernels: Ground State Preparation, Hamiltonian simulation.

Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 3-1
Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 3-1
Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 3-1

Experimental analysis of magnetic materials at the MAGLAB user
facility

Figure 2-2: Workflow for Hamiltonian search using magnetization experimental data. The red box (Hamiltonian Simulation)
contains the hard computational task/kernel.

Figure 2-3: The inverse of magnetization divided by external magnetic field (1/�) as a function of temperature with magnetic
field along two di�erent directions are shown [344].

Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 2-9
Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 2-9
Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 2-9

Experimental analysis of magnetic materials at the MAGLAB user
facility

Figure 2-4: Field vs. time profiles of superconducting dc magnet (a) and 65 T short pulse magnet (b) [175]. Note that the time
scale di�erence between dc magnet and pulsed field magnet.

Figure 2-5: The magnetization measurements (solid green lines) with field along in-plane with larger magnetization and
out-of-plane with smaller magnetization [202]. The red and blue solids lines are from exact diagonalization simulations [442].

Potential Applications of Quantum Computing at Los Alamos National Laboratory
Page 2-10 Los Alamos National Laboratory

Potential Applications of Quantum Computing at Los Alamos National Laboratory
Page 2-10 Los Alamos National Laboratory

Potential Applications of Quantum Computing at Los Alamos National Laboratory
Page 2-10 Los Alamos National Laboratory

Exploring exotic phases of magnetic materials near instabilities
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Figure 3-1: Computational workflow for ground state calculation.

Application 2: Validating the spin Hamiltonian of a compound and predicting the dy-
namics of an exotic quantum phase

Computing the magnetic dynamics of model spin systems for comparison with experimental data
from neutron scattering experiments.

Specific background of the application For quantum magnetic materials, a standard mea-
surement to study the magnetic dynamics is inelastic neutron scattering. This measures the lattice-
averaged two-point spin correlation function hSi · Sji, Fourier transformed in time and space [39].
For a given magnetic Hamiltonian, in the case where the magnetic excitations act like boson quasi-
particles, the inelastic neutron spectrum can be modeled by spin wave theory [132] and can be
efficiently predicted using current computing hardware. This prediction can be used to fit the pa-
rameters of the magnetic Hamiltonian by comparing with exprerimental data. However, for more
exotic quantum materials, such analysis tools break down.

A central goal in experimental condensed matter is understanding why certain materials act
the way they do, and this requires understanding both the interactions between spins and the
nature of the excitations. However without the ability to compare with a theoretical model, the
underlying magnetic interactions (the spin exchange Hamiltonian) and magnetic dynamics (the type
of quasiparticles) are extremely hard to determine.

Objectives The objective is to calculate the time-evolved two-point quantum spin correlation
function of a particular lattice Hamiltonian in eq. (15) after a local spin flip corresponding to a
scattered neutron. The purpose of this is to compare with experimental neutron scattering data
to verify or rule out a particular Hamiltonian, a parameter range in the Hamiltoninan or type
of dynamics to describe a particular material (e.g., whether the boson quasiparticle description
matches the full quantum simulation).

Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 3-7
Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 3-7
Potential Applications of Quantum Computing at Los Alamos National Laboratory
Los Alamos National Laboratory Page 3-7

Exploring exotic phases of magnetic materials near instabilities

Figure 3-3: Fourier-transforming neutron scattering from frequency and reciprocal space to time and distance.
Panel (a) shows the experimental neutron spectrum of KCuF3. Panel (b) shows the spectra transformed into real
space on the x axis and time on the y axis [370], which corresponds to a lattice-averaged time-evolved spin

correlation.

Figure 3-4: Workflow for Hamiltonian dynamics to compare with neutron scattering data. The red boxes contain the hard
computational task/kernel.

Application 3: Using quantum correlations and quantum information to certify the exis-
tence and extent of exotic phases

Calculate quantum correlation functions for given spin Hamiltonians to understand their quantum
ground state and compare with theory.

Specific background of the application Although computing total correlation functions like
hSi · Sji can reveal much about a system, even more can be revealed by quantum correlation
functions. For example, quantum Fisher information, which for a pure state is expressed as

FQ = 4(h |Ŝ(� ~Q)Ŝ( ~Q)| i � h |Ŝ( ~Q)| i2) (17)

Potential Applications of Quantum Computing at Los Alamos National Laboratory
Page 3-10 Los Alamos National Laboratory

Potential Applications of Quantum Computing at Los Alamos National Laboratory
Page 3-10 Los Alamos National Laboratory

Potential Applications of Quantum Computing at Los Alamos National Laboratory
Page 3-10 Los Alamos National Laboratory
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