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A Quick 
Zoom Tutorial

– Submit a question by clicking 
on “Q&A”

– Like a question that’s been 
submitted? 
Click the “thumbs up” icon to vote 
for it.

– Share your feedback in the survey.
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Question & Answer
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About Our Technical Group

Our technical group focuses on the physics of laser cooling, electromagnetic 
trapping and other radiative manipulation of neutral atoms, ions, dielectric 
particles and nanostructures.

Applications are new kinds of physics measurements and processes such as 
high resolution spectroscopy, clocks, optics, interferometry.

Our mission is to connect the members of our community through technical 
events, webinars, networking events, and social media.
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Connect with our Technical Group

Join our online community to stay up to date on our group’s activities. 
You also can share your ideas for technical group events or let us know if 
you’re interested in presenting your research.

Ways to connect with us:
• Our website at www.osa.org/ot
• On LinkedIn at https://www.linkedin.com/groups/5081944/
• Email us at TGactivities@osa.org (or markus.krutzik@fbh-berlin.de)
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Today’s Speaker

– Thomas Monz

–Alpine Quantum Technologies GmbH

– Monz started on ion-trap quantum information processing during his Masters degree, focusing on 
ion-photon interfaces. He moved on to quantum information processing, realizing the first Toffoli 
gate, pushed for a new world-record on entangling 14 ion-qubits, and implemented the first Shor
algorithm without pre-computations.

– After a detour in Scotland working as product specialist for a laser company, he returned to 
Innsbruck focusing on engineering aspects. He realized the first ion-trap quantum computing fully 
inside a 19'' rack, which holds the new world record on entangling 24 qubits. The latest achievement 
of his products includes the demonstration of a universal logical gate-set, besides proof of concepts
in finance, chemistry, and security.
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Rack-Mounted Quantum Computation



Thomas Monz,

Institute for Experimental Physics, University of Innsbruck, Austria  
AQT, Innsbruck, Austria

Quantum Computing with Trapped Ions  
Lab achievements
From „proof-of-concept“ to commercial devices  
Rack-based achiements

Rack-Mounted Quantum 
Computation  with 
Trapped Ions
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Take-away message

Ion-trap quantum computing achieves fault-tolerant  
performance levels

Error correction, topological qubits, even a
universal gate-set for logical qubits has been implemented

Progress in enabling-technologies allowed to
transfer the systems from an optical table into a rack

Which performs better than (our) lab-devices.



P. Schindler et al., New. J. Phys. 15, 123012 (2013)

The Quantum Processor with 
Trapped Ions  Vision by P. 
Zoller in 1995



Electric fields to trap charged
particles



Paul mass-filter

Innsbruck  
Ann Arbor

Boulder, Mainz, Aarhus
Innsbruck, Oxford

Munich,  
Sussex

Linear ion-traps



Pick your poison: “simple is already complex
enough”



Ion-trap quantum computing basics
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Local Mølmer- Sørensen entangling gate

Simultaneous addressing of  
multiple ions
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Global Mølmer- Sørensen entangling gate

++ +

τ = 50μs  
F2 > 99%

Gl
ob

al
Lo

ca
l

S1/2

D5/2

40Ca+

resonant  
manipulation

Collective Local Operations

+ + +

τ = 20μs  
F > 99.5%

Universal gate-set to implement arbitrary quantum algorithms



Quantum Computing with Trapped
Ions



C. Hempel, Ch. Maier, et al.,  
Phys. Rev. X 8, 031022 (2018)

E. Martinez, C. Muschik, et al.,  
Nature 534, 516–519 (2016)

B. Lanyon et al.,
Science 334, 6052 (2011)

J. Barreiro, M. Müller et al.,  
Nature 470, 486 (2011)



D. Nigg, M. Müller et al.,  
Science 345, 302 (2014)

P. Holz et al., Adv. Quant. Tech. 3, 2000031 (2020)





Compact ion-trap quantum computing demonstrator designed @
AQT

Industry-Standard 19’’ Rack

C. Marciniak I. Pogorelov

I. Pogorelov, et al.,  
PRX Quantum 2,  
020343 (2021)



Compact ion-trap quantum computing demonstrator

consortium

trap module

C. Marciniak I. Pogorelov



Compact ion-trap quantum computing demonstrator

Ion trap module, optical

50 cm

Ion trap module, mechanical

I. Pogorelov, T. Feldker et al.,  
PRX Quantum 2, 020343 (2021)



The new workhorse at UIBK …

Local Mølmer- Sørensen entangling gate

+ + + +

Simultaneous addressing of  
multiple ions

τ = 100μs  
F ~ 99%

Individual (and parallel) local operations

+ + +
S1/2

D5/2

40Ca+

off-resonant  
manipulation

resonant
manipulation

τ = 20μs  
F > 99%

PRX Quantum 2, 020343 (2021)

T1 approx 1s
T2 approx 500 ms
Routinely work with 20+ ions
Demonstrated 24q-GHZ state
Supports Qiskit/Cirq/…

Control capabilities

Automated tune-up

Single-qubit control
Single-setting MS up to 20 q
despite full connectivity  
N2 speed-up
Tune-up to > 99% in 30 sec



State-of-the-
Art
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Cross-talk, resonant

0%

max x-talk 3.5%; avg NN-x-talk 1.2%, avg x-talk <0.2%



Cross-talk using addressing error correction

max = 0.98%
min < 0.1%
avg on all = 0.22%
avg on NN = 0.49%

max = 2.5*10-4  

min < 5*10-5

avg on NN = 1.25*10-4or 10-8 error rate

Negligible errors @ 10-6Correctable

Resonant Off-resonant





2-qubit gate performance

Same setting confirmed for any subset of 2-qubits, here for 12 qubit-register  
Fidelity of 99.0(1)% with automated tune-up routines



GHZ state generation w/ global interactions

PRX Quantum 2, 020343 (2021)



Quantencomputing – Made in Austria



STAND-ALONE19’’QUANTUMINSTRUMENTS
Production & sales

CLOUD-ACCESS TO FULL SYSTEMS
Software-as-a-Service

ON-PREMISE 19’’ QUANTUM COMPUTERS
Hardware-as-a-Service

TIERED PRODUCT
STRATEGY
FORSCALABLE VALUE GENERATION
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USE-CASE:
Finance
2-5 BUSD market by 2030, according to BCG (2019)

Roman Orus, Multiverse,  CTO and Co-Founder:
We predict the market faster and will less uncertainty than classically possible.

PORTFOLIO OPTIMISATION
Quantum computers provide a quadratic speed-up over classical solutions. This speed-up can be used to either make more precise  
predictions for the same amount of iterations, or provide as-good-as-classical statements quadratically faster – which we  
demonstrated with our partner Multiverse.

Reference: arXiv:2111.14970 (2021)
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USE-CASE: RISK
2-5 BUSD market by 2030, according to BCG (2019)

Markus Braun, JoS, CEO:
Risk analysis can be shorten from days to minutes.

RISK ANALYSIS
The evaluation of scenarios is usually implemented by time-consuming Monte-Carlo simulations. The principle of superpositions allows  
quantum computers to predict the most likely outcomes significantly faster than classical computers – in particular useful in the  context 
of insurance and risk evaluations.

Reference: internal project (2021)



USE-CASE: CYBER -
SECURITY
1-2 BEUR market by 2030, according to McKinsey (2021)

Duncan Jones, CQC, Head of Quantum Cybersecurity:
We are comfortable describing that [AQT device] as "world-class".

ENCRYPTION

In data-centers, the  
trustworthyness of the  
hardware and routines may  
be questioned – in particular  
processes for encryption  
purposes.

Quantum computers offer  
proofably secure random  
numbers for trusted  
encryption and security.

Reference: to be submitted for review (2022)



USE-CASE: DATA
CENTERS
4-28 BEUR market in 2030, according to McKinsey (2021)

Reference: White-paper on quantum computer data centers (2022)
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The international Team 2022



QC

Alpine Quantum Technologies GmbH



Questions &
Discussion
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