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Q-Computing – special-purpose HPC accelerator

Trapped ions – a success in Europe

Use-cases – now and in the future

Overcoming present challenges

Future of (Quantum) Computing
… and a bit on trapped ions
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One current challenge in Austria: OpExp → 0 EUR possible?

Operational Expenses at 500 kW power drain:
50% of current cost increase not covered 
by commitments from Ministry
either switch off devices (despite contracts)
or run into debt (despite legal framework)

Reduce operational costs
Use heat-load to heat house …
but house was never meant to be ‘data-
center’,
so the water can’t be used for the heating
infrastructure
Send hot water to district heating, but
water too cold for local district
Could send to different pipe, but company
requires 10+ years commitment to invest
in pipes
Ministry doesn’t want to commit on that time-
scale



Power: demand & supply indicate > OpExp

NREL: Electrification Futures Study: Scenarios of Electric Technology Adoption and Power Consumption for the United States (2018)

Germany: estimated 10% increase in 10 years
while reducing power production by 30%

US: estimated 40% increase in coming 30 years



Do more, with less – special purpose solutions



It is sort of like visiting a 
nursery school to decide which 
of the toddlers will become 
basketball stars.
Scott Aaronson, UT

Superconducting Circuits

Trapped Ions

Ultracold atoms

Colour Centers

Photons

Silicon



QC Performance – Trapped Ions 5 years ahead

https://twitter.com/quantumpod/status/1355467206881062912
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And ions lead in quantum technologies

https://mariokrenn.wordpress.com/2021/01/29/reference-list-for-records-in-large-entanglement-generation-number-of-
qubits-in-ghz-states/
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O. Ezratty, arXiv:2305.09518

UIBK/AQT

Focusing on quality, not quantity



Lab-Based Quantum Computing with Trapped Ions



PRX Quantum 2, 
020343 (2021)

The workhorse at UIBK …

Local Mølmer- Sørensen entangling gate

++++

Simultaneous addressing of 
multiple ions

F ~ 99%
τ = 100μs

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

Individual (and parallel) local operations 

+++
S1/2

D5/2

40Ca+

off-resonant
manipulation

resonant
manipulation

τ = 20μs
F > 99%

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

Control capabilities



AQT DELIVERS:
• 50+ ion-qubits
• 24-qubit entanglement
• Shor’s algorithm
• Quantum Error Correction
• Fault-tolerant performance
• Demo’d finance use-case
• Demo’d security use-case
• Demo’d chemistry use-case
• …

WITH OUR SYSTEM BEING:
• Rack-mounted
• Cloud-accessible
• Data-center compatible

Confidential / Vertraulich

INSIDE INDUSTRY-STANDARD 19’’ RACK
QUANTUM COMPUTER



Evaluating the quality of our quantum computer

HOLISTIC PERFORMANCE

QUANTUM VOLUME

Achieving high fidelity control
in continously larger 
registers, while maintaining
versatile computations, and 
achieving sufficient output
quality is highly challenging.

We demonstrate a quantum
volume of 128, which
outperforms all devices in 
Europe.



Demonstrating a new kind of HPC accelerator

HETEROGENOUS HPC-QC

HYBRID HPC-QC

Ideally the libraries would
distribute the work-load
across the most suitable
hardware – but the
respective framework does
not exist yet.

We demonstrate the first
integration of a QC into an 
HPC infrastructure within 
Europe.
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⚫ 2D ion trap arrays
⚫ 2D ion crystals

(Bollinger group)
M. Kumph et al. (Blatt group)

⚫ Solid-state platforms

⚫ Cold atoms in optical lattices & other AMO systems

(Saffman group)(A. Wallraff) (Browaeys group)

Towards FTQC in scalable 2D architectures

(Home group)

(Roos group)



100+ ion-qubits w/ OpExp → 0 EUR

PV @ 5 kW
Requires about 25 sqm surface in Tirol/Austria
Costs for PV: about 10 kEUR @ 25 sqm
Incl. battery for day/night operation: +5 kEUR
Total: about 15 kEUR
Amortisation: 14 years
Self-use quota estimated at 50%

Data from pvaustria.at/pvrechner

Comparison: Dilution fridge for Superconducting
One filling at 150 kEUR
He3 is non-replenishing → mag. fridge
Power for Bluefors fridge for 1k qubits @ 91 kW



Industrie

Tirol

IQI

GmbH€

$

FWF 

SFB

The international Team 2023



Industrie

Tirol

The international Team 2023



QC

Challenging & fun

Research & engineering

Hiking & skiing


