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FIG. 1. Contours of constant p⇤ ⌘ pge(⌧) on mX vs. ✏ plane
(10�1, 10�3, 10�5, and 10�7, from the top). Parameters of
C = 0.1 pF, d = 100 µm,

::::::::::
⌧ = 100 µs, Q = 106,  = 1 and

⇢DM = 0.45 GeV/cm3 are assumed. The gray-shaded region
is excluded by the cosmological and astrophysical constraints
[46] (dark gray) and the existing hidden-photon search exper-
iments [6–31] (light gray) based on the summary in Ref. [47].
The blue-shaded regions indicate the sensitivity with the 1-
year scan over the frequency range for nq = 1 (dark blue)
and 100 (light blue) (more details in the main text) assuming
the thermal noise of T = 1 mK. The dashed lines show the
sensitivity with T = 30 mK with the top (bottom) line cor-
responding to nq = 1 (100) respectively. A flat readout error
of 0.1 % is assumed.

deviation. The following criterion is used for the DM
detection in the study:

Nsig > max(3, 5
p

Ndark), (28)

which requires either 5� in case of substantial amount
of dark counts, or minimum 3 signal events in a highly
dark-count-free regime.

The qubit frequency scan is considered in the range
of 1  f  10 GHz, corresponding to the DM mass of
4 � 40 µeV. A constant Q = 106 is assumed across the
frequency range, where the scan step width �! = !/Q

and the coherent time ⌧ = 2⇡/Q! are variable. The
number of the scan points is ⇠ Q log 10 ⇠ 2 ⇥ 106, and
the measurement time for each scan point is set to ⇠ 14
second which is chosen so that the scan’s total time fits
within one year. The readout time (O(100 ns)) and the
interval between the readout (10 µs, based on Ref. [10])
is neglected in the evaluation as they are short enough
compared with the coherence time ⌧ .

Fig. 1 shows the projected sensitivity of our proposed
experiment. The contours of constant p⇤ on mX vs. ✏
plane is also overlaid. The gray-shaded region is excluded
by cosmological and astrophysical constraints [46] (dark
gray) and the existing hidden-photon search experiments
in this frequency range [6–31] (light gray). The upper
dark blue (lower light blue) shaded regions indicate the
regions fulfilling the discovery criteria defined in Eq. (28)

with nq = 1 (100) assuming T = 1 mK. The dashed
lines show the sensitivity with T = 30 mK with the
top and bottom line corresponding to nq = 1 and 100,
respectively.

Conclusions and discussion: In this letter, we have pro-
posed a new detection scheme for the hidden photon DM
using transmon qubits. Due to the small kinetic mixing
with the ordinary EM photon, an e↵ective ac electric field
is induced that coherently drives a transmon qubit from
the ground state toward the first-excited state when it is
resonant. We have calculated the rate of such excitation
(see Eq. (25)), and evaluated the hidden DM search sen-
sitivity. Using a standard SQUID-based transmon, the
sensitivity can reach ✏ ⇠ 10�13

� 10�12 with a ⇠ 14 sec-
ond of measurement for a single frequency, and with one
year to complete the scan over the 4 � 40 µeV (1 � 10
GHz) range.
While the depth of the sensitivity is generally

weaker than the haloscope experiments using the cavity-
resonance, the proposed method is advantageous for the
easier frequency tunability. This is important feature
for a fast “shallow search” targeting ✏ ⇠ 10�13

� 10�12,
which is motivated by the fact that most of the cosmo-
logically allowed frequencies have not yet been probed
by direct search experiments. The proposed method
also has no less sensitivity compared with the other
wide-band searches using horn antennas [13] or proposals
utilizing the condensed-matter excitations (e.g., electric
excitations [48–52], phonon [53, 54], magnon [55], and
condensed-matter axion [56–58]).
There are a few considerations left for future studies

that can further extend the sensitivity. (1) Qubit de-
sign optimization maximizing the electric dipole moment,
where more aggressive transmon parameters and complex
circuit design can be sought. (2) Extend the frequency
range beyond that typically explored by superconduct-
ing qubit experiments. 0.2–20 GHz can be achieved with
more dedicated RF setups. (3) The  enhancement by
the cavity resonance discussed in Appendix can be fur-
ther investigated, particularly in the context of being in-
corporated into the haloscope experiments. The setup
would be similar to the experiment performed by A. Dixit
et al. [10] however our scheme has significant potential
to provide complementary and unique sensitivity at the
high-frequency regime since the independence
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The search scheme can be also directly benefited from
the exponential advancement of the large-scale NISQ
computers led by, e.g., IBM [59] or Google [42]. Since
the requirements and the experimental setup are almost
identical, the improved qubit multiplicity and coherence
in the NISQ machines will scale the typical sensitivity
of this experiment as well. Technically, it might be even
possible to perform the experiment within the existing
NISQ machines in a parasitic manner by executing the
circuits consisting only of readout.
Finally, we point out that the physics cases of the

✔︎ No SQL 
✔︎ Easy freq. tunability with SQUID transmon 
✔︎ No penalty at high ω due to the shirking detection vol. 
😀 × 104-6 improvement in ε can be anticipated by being  
     incorporated in cavity haloscopes or quantum computers.
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 max.: a few hour @IBM-Q    Ntry ~ O(108)

nq~100

delay: ~half of the T1

IBM-Q: 100k qubits in O(a few) years!!


