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1) Cryostat

2) Gas Handling System

3) Pulse-tubes compressors for
Helium

4) Instrument cart

5) Control Electronics rack
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System description
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Room reqUirementS n pimensions Including height (4m)

Weight
Cryostat 1200 kg
| Temperature
a 18-25°C +/-1°
Humidity
| 45 - 65%
Dirt
|
; Vibrations
VC-D
‘ Noise

< 50 dB (empty)

Piéce compresseurs

mettent des vibrations et du brut

. r— CEM

n NF C 15-100
, [ CEl 60364-4- 44
‘ LED lighting

Fire detection

Légende
ustration de préce

Anoxy detection

Appareils

an«u m

nimaux de passage
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Utilities

Electricity Water

SR Necessary for:
el 4

el N o ras A S » Helium compressors for Pulse tubes

3Ph, 50 Hz Connexion dane
i S
iHs1000 o ———+—— boite de °

e L Turbomolecular pumps
‘des — | 10%. 50/60 Hz i
ol R (N = o
= S0Hz & Les baies
MW\ intégrent un Cooling water temperature and flow rate must fall within the shaded area of the
" [00vag ] Fo hart shown in Figure 47
I [ ey | o emaie Sl i NS
1 230vac Curve)
o Dlnmn
I N E e - O Water Flow Rate (LPM)
Wégre V. lard LR L 8 e L na m (AR ) 1o 185
alei'eaux e 5\'\ .
\
Pl
~
—~—— -

3

\

d

Liquid Nitrogen

Water Inlet Temperature (* F)
8

Water Inlet Temperature (* C)

20L / week : { =
Compressed Air - . . . e

Water Flow Rate (GPM)
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Maintenance

Monitoring

Product Hardware Product monitoring
Starboard [ Grafana
——
Cryostat Status data l [
Coolin ina- 1
9 Cocling Rack status —

system & Chip system status environment

v T

QPU Product QPU P
performances usage environment status T

||j]||

1=

.--"'"-.* User

Processor control interface Sends jobs and
retrieves data
User
interaction

Liquid Nitrogen

Cryostat
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[Monitoring] QPU

X12-0001-03-A oo

Meta-Results Summary

This is a merge of all unitary qubits measurements

Memory Frequency Memory T1 Memory Kerr
.4.0 .4.3
.3.7 .3.9
pLoTS I3
REFERENCE FILES ~ MEASURE 1 MEASURE 2

4.7

4.3

Buffer Frequency

4.3

4.7

340

Buffer Kappa

39

44

3.7

1:}3 (++4)
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[Monitoring] Rack
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Rack Vibration

[Monitoring] Room
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AVERAGE USAGE = 13 cabled qubits

85%

142 hrs / 7 days

Manual

® Automated

[Monitoring] Usage

USAGE TIMELINE
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notify

[Calibration] Configuration panel
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[Calibration] Workflow

xhvrﬂow DAGs Cluster Activity Datasets Browse Admin Docs 1551 UTC NC

O calibration_ctest_X12-0001-03-A Schedule: 00° " * Next Run ID: 2026-07-23, 220000UTC. » [

v Al Run State

v Ao revesn 2 v

Provs wist + J ke Shodase emoved [revtartng | [mmeng | [checuied oo vo_tor_roschwcte | [up tor_retry | [onbeam tated| no_states

calibration_ctest X12-0001-03-A

ADetails *SCeaph [DGannm <>Coce [HAwdtLlog R RunOenson 3 Calendar

Caltrate_vysters_orove_1~

Lot RON ~
2 SRL )
caltrate_tyed A

setup_
calbraie_sacdies
Calbrate Systeems _group _1a

characterce_rem Cat_uo_saltraton 2Sg_and_seavetip
calteate_systv P guas e
calteate_sys3wv
calbeate_sysSv
calbedie_sysT v
calteate_sysda
characterze _system
Cat_qutst_calbrabon
bEMp_and_phasefip
Calbrate Systems  group 2a
caiteate_sys2 v
calteaie_sysd v
caltrcale_syst v
calbeyie _sysBv
calceate_sys1Ow
penedate_repon
LpioRd_to_instrument_serves_and_abab
nobfy
oamond_ it sys1v
CRAmona_fl_sys2 v
camond_ft__sys3v
camond_fe_ sysdv
Gamond_fe_ sysSv
aamond_f__sysb v

cateate_ialv
Caltente_systerms_group 2 A

calteate_wpsd v culbeste_srd v

cattxate_ i v calteam_wy 10w

cattrate_vysT v calteate syl guoarate_repoct “pioad_1a_inatrament_server_aod_sbd notey

catteste_syedv

camond_f__sysTv +
camond_fR_sysSv -
Samond_M__sys9v e Callmaie 9798 v

oamond_ft__sys10v
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# notif-airflow-calibration

Airflow
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[Calibration] Summary

Buffer spectroscopy

System 1 Systam 2 System 3 System 3 System & System 7 System 8 System 9 System 10
-t - i AN e A’ e A
N o /\ \ A » -
¢ ? Rurming
— — - : e
- & . 2 - —— ———
v . - ey
Buffer self-Kerr guess
System 1 System 2 System 3 System 5 System 6 System 7 System 8 System 9 System 10
Not ren yot
Buffer self-Kerr
System 1 System 2 System 3 System 3 System & Systam 7 System 8 System 9 System 10
< N v < » < \ \
» w \ - b > A 3 »
ek run yot
- > - -> " 3 - ™ - - - ~ ’ v ~ - >
\ .~ . \ " < . \
Memory spectroscopy
System 1 System 2 System 3 System 3 System 6 Systam 7 System 8§ System 9 Systam 10
——— ; . — —
\ oo
P — e | Bg oo P o [rserowm
Memory T1
System 1 System 2 System 3 System 3 System 6 System 7 System 8 System 9 System 10

Not run yot
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[Calibration] Full reports

[ ARDB

Frojects
Parts
Specifications
Measurement requests
Varnations
Designs
Simulations
Samples
Experiments

Results

Fridges
Cooldowns
RT wirings
Chandelier wirings
Instruments

... firmware updates

4 COOLDOWMNS

= WAFERS B DATA |~ AMALYSIS

Result "
969
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y: airflow
d_at: 22 Jul 2025 03:10

3 DOCUMENTATION

1 Search [Ctrl + P)

¥pernment (Fle) X12-0001-03-A -- runll
utha Team Calibration
data file EXPO0OD009E9 json
reaning file
epaort fil X12-0001-03-A_runDl_rej
sample X12-0001-03-A
wafer W-0420

TR TRRAD
... models

Assemblies

Suppliers
Lookup tables
Wafer specifications

Wafers

Automatic state upload after chip C-testso

Spice elements

.. Simulations

Display in Engineering notation

Modes K./ 2m (Hz)

Mutual inductance (H) Gates

Order:

O default modes

[ (Hz)

Q Josephson energies

systems

x /2w (Hz)

Qo

Ty (s)

T; ramsey (s)

P

elf-Kerr breakdown

T; echo (s)

Te (s)

2w (Hz2)

e, (phe

B1

B2

B3

B5

B7

B9
F1

6.598 ¢+09 + 1.017 e+05
6.891 ¢+09 + 4.165 e+04
7.677 e+09 + B.665 e+04
7.831 e409 £ 1.241 e+05
7.066 ¢+09 + 6.563 e+04
6.589 e+09 + 5955 e+04

7.660 ¢+09 £ 3.014 e+04

9,658 e+06 + 2.047 e+05
7651 e+06 + 9.099 e+04
3.803 e+06 + 1.610 e+05
1.257 e+07 + 2.681 e+05
8321 ¢+06 + 1.263 e+05
8.586 e+06 + 1.296 e+05

3.255 ¢+06 + 6.083 e+04
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Many stacks,
But how is a quantum program executed?

CUDA-Q Toolchain

Unified platform for quantum accelerated computing

/

I':I:,El Business Application

User interface, QaaS

and operating system ‘

Quantum algorithms
and applications

Python

Procedural

o—
:= Problem Model
Kernel Expressions Runtime Application code

Application . Runtime Application
ode Kernel Expressions. ] ol

Application
Software
.

Quantum Algorithm
Backend agnostic
Multi-Processor Intermediate Representation (MLIR)

Backend aware

Blocks of
backend specific

atomic primitives
and jumps

Quake cc Func Math Arith LM
(Quantum) (Classical CFG) (Kernels) (Standard Math) (Constants) (Lowering Target)

"y
)
I3
a
Y
0
<

{--} Quantum Languages

Quantum error correction 4=

color codes

Surface €O de

Instruction stream
o describing what
happens to each

(logical) qubit
Error correction

Hardware-aware
LLVM IR NWM IR

quantum compiler

>»> Complier

Quantum firmware

Qg Operating System / Runtime

Hardware J L System Software
\ AN

,,-‘E Instruction Set Architecture Physical qubit hardware
to pulse level \ ‘5
3
Figure 1: Overview of the quantum computer system stack (e g
from [2] 25 Quantum Control & /O 38
g
EB Quantum Chip frr
-
Quantum Computing Stack
STRATEGIC INTEGRATIONS : CLASSIQ AT THE CORE
( ) — Application Algorith /\
nviDIA tt Packard ‘ = ‘ ! ~ = ua Munich
IDE, SDK | LA Software ©° Hardware M e ‘%H;?O m
ompiler
L ___IL___ J Analyze
"CLASSIQ

ielyze, Hardware

orkloa i

{~ | Classia Engine |~ ) Execution Runtime Sofare
to

Development
Develop . &
[ System Qubit Control Processor System
Architecture

v

Architecture l
Device-agnostic Device-specific
Control Electronics - >
Quantum computers J

Compilation Passes Compilmion Passes
N Qubit Chip

A

intel

Dt =
=3 Execution Flow = Information Flow :
A —
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Physical qubit Circuits 7
Logical qubit H CNOT

)

- "y‘i .

.

(o] o ) Surface code
/}TQC PR

’ Repetition code

LDPC b X

"

Magic state factory

Unfolded Distillation

.

"'l P

Vv
b y

Pip-é's'ghemes‘ L1.5 compiler
ZX calculus “F

Pauli exponentials SketchUp

Dynamical codes Oblivious carry runway

Conditionnaly clean ancilla

Correlation surfaces
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Quantum computing on a noisy device (not fault-tolerant) =)

* Processors 100-1000 qubits
« Continuous gate sets: exact compilation
P o  Usually no live feedback

@

@
o—m& « Qubit / gate errors 1072 — 10~*: limited depth
T « No known useful applications at this depth

AR

Physical qubit Physical interaction

2 &8 5 & § & § § 2 8

fel Q
=
=)

© Alice & Bob 2025 20



Simulating a “perfect” device with noisy qubits

@

L+

He¢

2 &8 5 & § & § § 2 8

Q
=
=)

fel
=

\H

Each algorithmic
qubit is encoded in a
group of physical
qubits

© Alice & Bob 2025

Error of the
physical qubit
~107%2 —10~*

d/2 +— < physical qubits

o ( p ) per algorithmic

L ubit

/ Pth d

Error of the \ o _

algorithmic qubit Minimal quality

~10~8 — 10°15 requirement on the
physical qubit p < psy,
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Simulating a “perfect” device with noisy qubits L]

s ik
-
: > Alogical
o4 gate If the “gadgets” are fault-
= —O tolerant, the logical information
* 0 & is manipulated with fidelity p,
= i ; even though each (physical
. o—u gate) in the circuit has fidelity p !
7 o
Each algorithmic re—
qubit is encoded in a te ,__]‘ A single logical qubit
group of physical i Tt
qubits \ |
ot A logical gate or “gadget”: a

physical circuit that manipulates
the algorithmic information

© Alice & Bob 2025 22



Simulating a “perfect” device with noisy qubits L]

+» il
=
: > Alogical
o4 gate
" —@ » Arbitrary quality = infinite depth! p \*?
de ) - oL <ﬂ>
’ N )\ ; g » Processors are 10 x —1000 x bigger
i} il » Processors are 10 X —100 X slower
” « Decoding problem to solve (live)
qu/' o » Discrete gate sets: no exact compilation
Each algorithmic re—
qubit is encoded in a te ,__]‘ A single logical qubit
group of physical i Tt
qubits \ .
“os A logical gate or “gadget™: a

physical circuit that manipulates
the algorithmic information

23



L5: application

A&B FTQC abstractionlayers . .......

Specification of the problem, as expressed in the

1
1
1
1
! fields it comes from

L4: high level algorithm

Manipulating interpreted data types with high-level

1

1

1

I .

I operations
1

L3: register operation

1
L}
| Low level algorithm, mo_nlpulatlng simple data types
I with elementary operations

L2: logical operation

1
L}
I Operations on individual logical qubits, better when
' each correspond to a fault-tolerant gadget

L1.5: time-space layered logical operation

Time-space positioned logi

1
L}
1
1
I parameters
1
-

L1: physical circuit

© ALICE & BOB 2025

cal qubits, with code

Full physical circuit, including synchronization

Example: RSA number to factorize,
electronic Hamiltonian coefficients

Example: “Shor in 3 lines”

Example: Addition on a register, QFT

Example: logical circuit, ZX-calculus

Example: pipe schemes, ZX with
space-time coordinates

Example: QASM, Stim

L4: “Shor in 3 lines”

gg = QuantumModulus (N)

agl:] =1

gee res = QuantumFloat (2*qg.size+l)
h (gpe_res)

qq *= pow(a, gpe res, N)

QFT (gpe_res, inv=True)

mes res = gpe res.get measurement ()

return extract order (mes_res, a, N)

L2: logical CNOT

(a) Memory layer

()

.......... c
.......... 1) P
.......... 10) “ -
[j ..... ) . Mxx | .
i —
(1) Computing layer (2)
0),
¢ [ ebJ
oe | & | &8 - ® Data qubits
BRI ea] Routing qubits
&P & - @
AL D o o o o o o o o | &4
L Xg

Ruiz, Guillaud, Leverrier et al., Nat Commun (2025)

L1.5: Adder Compute Step




SLURM integration

SPANK plugins which give users access to quantum resources through a
“Quantum Resource Management Interface” (QRMI)

WITH HARTREE CENTRE (UK)
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https://slurm.schedmd.com/spank.html
https://github.com/qiskit-community/spank-plugins
https://github.com/qiskit-community/qrmi
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