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Quantum computers are DM detectors



E-field from the DM is Qubit drive pulse
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Excitation rate after t: Moroi et al. PRL 131, 211001 (2023)
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Out detector == Kawasaki

Qubit: Median 1.200e-2 Connection: Median 7.649e-3
v

ECR error v
min 3.600e-3  max 3.300e-1 min 4.354e-3  max 2.594e-2
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12 7 Status: ® Online Median ECR error: 7.134e-3
Qubits QPU region: us-east Median SX error: 2.449e-4
3 2 % Total pending jobs: 1222 jobs M.e—d|.an readout 1.130e-2
. error:
EPLG Processor type @: Eagle r3
Median T1: 197.19 us
Version: 2.1.37

2 9 K Median T2: 140.62 us
CLOPS Basis gates: ECR, ID, RZ, SX, X

Your instance usage: 157 jobs



€.8. Ng= ng=127 in actual experiment
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Script-based dark matter search
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Exitation rate p
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Nothing (very) suspicious found

Limit setting is nearly impossible
IBM doesn't publish qubit design, packaging etc..

o Need a dedicated reverse engineering

o Assuming a typical transmon and loose packaging
for now (likely optimistic).

Sensitivity limited by the uncertainty on the RO error

Width not considered yet
But probably have some width in sensitivity due to
the off-resonant Rabi oscillation response.



Outlook - Axion

Unlikely to happen at this point.
Only if the quantum industry ends.




Towards deeper sensitivity: Multi-bit interference
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GHZ state: Maximally entangled state
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"Decoded” state to be measured
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DM evolution: Rabi oscillation
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Towards wide-band: ac Stark shift

Adding one more CW tone at @ = X grive

Rabi oscillation is driven by DM when wpy; = W, + Qive

(X(#)) = cos <aDTMt>
(Y(t)) = £ sin <aDTMt> cos(Qyive? * Ppam)

(Z(1)) = * sin (“DTMt) Sin(ay.of £ o)
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Upper limit on the DM drive strength (in the unit of Rabi freq.)

apm/2m [Hz]

=
o
[

[
o
~

101 ]

|

|

| £=10
{it L | ). LU R

| il £=10-2
i A e L8 BTN

TG
‘\ \
Each color represents each qubit

4.9 5.0 5.1 5.2 5.3 5.4 5.5 5.6

Dark matter frequency [Hz] 1e9

-60

120

100

-80

qubit

40

20

0



Search for dark photon dark matter using large-scale
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Quantum computer as DM detector

Coherent E-field from DM Qubit drive pulse
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Excitation rate after 1 Moroi et al. PRL 131(21), 211001
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First Result @Fixed frequency
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Selection on qubits used:
2 Ty>100ps

o Readout error <2%, p(T = Sus) / Readout ermor <2 — 52 bits selected

No anomalous increase in the excitation rate observed.

Tentative limit & Outlook

v Transman design/parameter assume

The DM-induced E-field Is likely suppressed by the chip package (i
o Width not considered yet
May have O(IMH2) sensitivity width from qubit's off-resonant response

o Syst tic d t Better understandng on nolse can still boost a lot

Towards a wide-band search

1. SQUID-based tuning — See Karin Watanabe's poster
2. Use of Floguet qubit resonance

"Floquet qubit”

Hamiltonian of a qubit driven at two frequencies (one on resonance)

507+ [“an [ mqtj ay + [’71\51 cos(@pyf + ¢UM)| oy

H(t) =

© Floguet theory: "For H(t + T') = H({). there exist solutions e™"'|y, (1)}
where |y, (14 T)} = |y, (D)
© ¢, quasienergies
o Apply to Hg(r) — Periedic solutions = Floquet qubit is approximately
10) =1 +) == (10} + 1)) and [15) = | = } = —= (|0} = 1)}
with uuashrnmg;.c; *Tagi. .
© This Floguet qubitais resonant at w, & @y, ("AC Stark shift” of the qubit)

@ |0g) and | 1) have x~2.5 enhanced coherence times ("spin locking”)

Experiment in an actual QC
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1BM Kawasaki 127 bit
o T)average: 202us
o Ave. readout error: 0.1%
o 105 sampling per bit
Completed in ~60s
Signal: | ¢) fraction
o Proportional to the delay

Towards deeper sensitivity: ns2-enhancement

Sichanugrist et &
PRL 133 (2), 021801

Why just delay? — Gate operation

o Entanglement enables "summation™

of the phase acquired in each bit. )

o Signal rate = ng? instead of n, )
o Technical requirements:

o Qubit frequencies need to be aligned

o Per-bit T, >O(ms) and QEC i |

* Reasonable in FTQC era?

DM search via qubit dynamics
When iy = @, @y, qubit-frame Pauli expectation values evolve as
08 "'|‘HI>

PV A . [ Tom
{Y(0) = £sin (% ) cos@yyet = Py

{Z(1)) = = sin t "':“f)sm(n,., of T Poag)

* Probe DM frequency by scanning ay;,. and observing (X}, (¥). (Z)

Demonstration and Results

coker represents each qubit

(X} and (Z) wth a,

enve

~20MHz ) .
Prefiminary observed bmits ($0% CL) on ayy
and artificial apy~IMHz ‘

on an IBM device
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