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Quantum compuer demonstrators in
lower saxony

* QVLS-Q1: 50 °Be* qubits, trapped ion technology
* ATIQ: 40 *3Ca* qubits, integrated photonics

e 23 Teams, including design, fabrication,
electronics, laser, integrated optics,
integrated detectors, benchmarking,
error mitigation, compiler, gate mechanismes,
algotithms, aplications, spill over technologies

* Collaboration with industry partners and other
lon trap quantum computing groups in Germany
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Trapping ions
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Quantum states in an ion trap
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Near-field gates

Carrier transition

Interacts only with internal state

» Speed Q,~B
> Scaling B~d~!
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Sideband transition

Interacts with motional state

» Speed Qsp~VB
> Scaling VB~d™?
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Magnetic field simulations
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loading and detection
storage temporary storage

computing






Qiskit to ion compiler

| User (frontend) |

I * Qiskit compatible
| API + database | e Hybrid gc compatible
I * Intermediate measurements
* Reinitialization of qubits
| Experiment control (Lab) | * Accepts python code

| |

| ceu | | aru |
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Qiskit to ion compiler

Qiskit

gc = QuantumCircuit(5)

gc.cx(0,3)

gc.measure_all()
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OpenQASM2
OPENQASM 2.0;

include "gelibl.inc";

areg q[5];
creg meas[5];

ry(-pi/2) q[O];

rxx(-pi/2) q[0],a[3];

rx(pi/2) q[0];
ry(pi/2) q[0];
rx(-pi/2) q[3];

barrier q[0],a[1],a[2],a[3],a[4];
measure q[0] -> meas[0];

measure q[1] -> meas[1];
measure g[2] -> meas[2];
measure q[3] -> meas[3];
measure q[4] -> meas[4];

Schmale et al., IEEE procedings QSW 2022, p. 32-37

Sw>»-—-

TIASM 1.0;
classical_register(5);
initial_ion_order(1,2,4,0,3);
quantum_register(5);
move(storage,spam);
prepare(spam);
move(spam,compute[0]);
prepare(compute[1]);
move(compute[1],spam);
measure ->1;
move(spam,temp_storage);
move(storage,spam);
prepare(spam);
move(spam,compute[0]);
prepare(compute[1]);
move(compute[1],spam);
measure ->2;
move(spam,temp_storage);
move(storage,spam);
prepare(spam);
move(spam,compute[0]);
prepare(compute[1]);
move(compute[1],spam);
measure ->4;
move(spam,temp_storage);
move(storage,spam);
prepare(spam);
move(spam,compute[0]);
prepare(compute[1]);
ry(-1.570796);
move(storage,spam);
prepare(spam);
move(spam,compute[1]);
prepare(compute([2]);
rxx(-1.570796);
rx(1.570796);

ry(1.570796);
move(compute[2],temp_storage);
move(compute[1],spam);
measure ->0;
move(spam,compute[0]);
move(temp_storage,compute[1]);
rx(-1.570796);
move(compute[2],spam);
measure ->3;
move(spam,compute[1]);
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Test chip design

222 Electrodes

B RF

221 DC:

« 50 inner DCs

W12 outer DCs

124 shim DCs

e 45 upper storage DCs (40um)

190 lower storage DCs (20um)
(3+3 indiv. per register)
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Multi layer trap fabrication

(a) wafer preparation (b) metallization of L, (c) metallization vias (V1)

evaporation

V4 of Au/Ti

Si;N, 1 Au plating 2" Au plating

(d) plasma etching of Au/Ti (e) dielectric CMP (f) metallization of Lp
planarized
Si,N, surface

Quantum Valley

17.12.2021 p.13/33 A Bautista-Salvador et al 2019 New J. Phys. 21 043011 83 Lower Saxony



Integrated waveguides

( Fibre-array block

R. J. Niffenegger et al., Nature 586, 538-542 (2020)
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Cr/Au (trap electrodes)

»

Ta,O,
Pt (ground plane)

SizN,
SiO,
Si (substrate)

ey

7 B.QO—nm—ﬁe{iod
/ g rating ‘\. y

- 450-nm-wide SM waveguide \_,

K. Mehta et al., Nature 586, 533-537 (2020)
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Demonstrator apparatus

* 300 DC lines for trap operation
* 30 auxilliary DC lines

* 9 HF lines

* 30 optical fiber connections

* Highly versatile
* Applicable to other projects and demonstrators
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Inner chamber

objective

PCB
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Quantum control

new)

1o ] | Amplitude modulation
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High-fidelity shaped pulses

1.0
.:go.s
%0'6
. . §o.4
* Robust against heating S
* Robust against mode-drift e
time (1)
* Robust against mode-noise
. 0.3
* Reduced impact of spectator -
motional modes _ 01 \
% 0.0 K1
- 0.1 sin®k=1
— 0 - 0.2 J
T - 995(2) /O - 0.3
-04 -0.2 0.0 0.2 0.4 0.6
Re(a)
G. Zarantonello et al., Phys. Rev. Lett. 123, 260503 @O | Quantum Valley
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Preliminary Error Budget:
The remaining big ticket items

Error for Error for Proposed solution
short gate long gate
0—4 0—3

Spectator mode

Sympathetic cooling and

initial temperture cryogenic environment
:?:;rl]ngg“r?; mode 2-1073 7-10"% Cryogenic environment
E?bmoTﬁ?Oﬁg Zeman shift 3-107% 3.1073 Better microwave field engineering
Motional mode 3.10-3 2.10~4 More stable RF resonator
instability Better thermal control of trap
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Cycle benchmarking:
Simple algorithms



Last slide

QVLS Scientists (November 2022)

Christian Ospelkaus
Timko Dubielzig
Teresa Meiners
Sebastin Halama
Niklas Orlowski
Nico Pulido

Hardik Mendpara
Florian Ungerechts
Amado Bautista-Salvador
Celeste Torkzaban
Lukas Kilzer

Tobias Pootz
Rodrigo Munoz
Niels Kurz

Chloe Allen-Ede
Emma Vandrey
Friederike Giebel
Konstantin Thronberens
Eike Iseke

Christian Joohs
Jannik Herzberg
Yannick Hermann
Markus Duwe

Axel Hoffmann
Sascha Agne
Brigitte Kaune

Stefanie Kroker
Tanja Mehlstaubler
Steffen Sauer
Anastasiia Sorokina
Carl-Frederik Grimpe
Andreas Waag
Jana Hartmann
Arstan Bisianov
Frederik LiRmann
Julian Kalmann
Christian Werner
Henja Wehmann
Robert Kraneis
Maximilian Muller
Vladislav Agluschewitsch
Sebastian Raupach
André Schendel
Dominik Hanisch
Ersnt Rasel

Hendrik Heine
Marc Wurz
Alexander Kassner
Leonard Diekmann

Piet Schmidt
Stephan Hannig
Gunnar Langfahl
Simone Callegari
Lauriz van Luik
Meinhard Schilling
Benedikt Hampel
Majan Schubert
llya Elinski

Fabian Schwartau
Klemens Hammerer
Reinhard Werner
Timm Kielinski
Victor Martinez
Hendrik Weimer
Daniel Borcherding
Bence Temesi
Tobias Schmale
Tobias Osborne
Younes Javanmard
Ugne Liaubaite
Christian Lisdat
Séren Doscher
Kilian Stahl

Silke Ospelkaus

Kai Voges

Vadim Issakov
Peter Toth
Michelle Heurs

Lea Richtmann
Viktoria Schmiesing
Rainer Miiller
Bernd Jungbauer

Consultants:
Groups of

Ina Schifer
Sandor Fekete

Niedersachsisches Ministerium
i fir Wissenschaft und Kultur

s '6. VolkswagenStiftung
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