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Fig. 1. (a) Schematic diagram of Su-Schrieffer-Heeger artificial atom chain-single-mode cavity coupling system with input-output

ports; (b) three-dimensional circuit QED schematic diagram!9.
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Fig. 2. In the case of a set of altogether two artificial atoms in the cavity, transmittance varies with the detuning 6 between incid-

ent field and cavity mode and interatomic coupling ¢a: (a) The coupling strength of diatoms and cavity mode is consistent,

21 = 22 = ; (b) the coupling strength between diatoms and cavity modes is different, 21 = 262y, 22 = 0.1£2 , the parameters

are Kk = =0.12.
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Fig. 3. (a) In the case of two sets of altogether four artificial atoms in the cavity, transmission spectrum varies with the interatomic

coupling intensity tg, 2 = 282y ; (b) The transmission spectrum varies with the coupling strength (2 between the atom and the
pling y iB, 5 p plng g

cavity mode, tg = 3(29. The parameters are to = 20,k = 0.2029,v = 0.1£2.
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Fig. 4. (a) In the case of three sets of altogether six artificial atoms in the cavity, transmission spectrum varies with the interatom-

ic coupling intensity tg, 2 = 282 ; (b) the transmission spectrum varies with the coupling strength §2 between the atom and the

cavity mode, tg = 3(29. The parameters are to = 29,k = 0.2029,v = 0.1£29. The splits defined in this article are circled in red.
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Fig. 5. In the case of two atoms in the cavity, (a) the energy levels of the dressed states; (b)—(d) the corresponding atomic excita-

tion probability of each energy level and the average number of photons in the cavity change with ta ; (e) a larger version of avoid

crossing points. The parameters are (21 = {22 = {29. The eigen states are represented by red, green, and blue in order of eigen val-

ues from smallest to largest.
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Fig. 6. In the case of six atoms in the cavity, (a) the energy levels of the dressed states; (b)—(h) the corresponding atomic excitation

probability of each energy level and the average number of photons in the cavity change with ¢g; (i), (j) two larger versions of

avoid crossing points. The parameters are 2 = 2£29,ts = {29. Different colors represent different energy levels and are numbered

according to the magnitude of the eigenvalue.
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Fig. 7. (a) Transmission spectrum under x =~ = 0.12; (b) the transmission spectrum after the increase of atomic spontaneous

attenuation, k= 0.1029, v =0.529; (c) the transmission spectrum after the increase of leakage rate of cavity, k= 0.5,

v = 0.129. The parameters are {2 = §29,tp = 20,tg = 382 .
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Input-output characteristics of single-mode cavity with
multiple coherently coupled artificial atoms”
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(Key Laboratory of Advanced Micro-Structured Materials of Ministry of Education, School of Physics
Science and Engineering, Tongji University, Shanghai 200092, China)
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Abstract

In previous cavity quantum electrodynamics (QED) systems, atomic gas is usually treated as single atoms,
thereby resulting in phenomena such as Rabi splitting, and single-photon blocking. Benefiting from the
development of superconducting circuit QED, the superconducting quantum interference devices (SQUIDs) can
be regarded as artificial atoms, and the detuned coupling of them through LC harmonic oscillators will
constitute an equivalent coherent coupling between artificial atoms. According to this, we study the effect of
multiple artificial atoms with coherent coupling on the input and output of a single-mode cavity, and analyze
the transmission spectrum from the perspective of decorated state. We find that single-mode cavities containing
multiple artificial atoms with coherent coupling have significantly different transmittances from cavities
containing single atoms, the transmission spectra of which are correlated with the coherent coupling coefficients
between the artificial atoms, and the coupling coefficients between the cavity modes and the artificial atoms,
and we also find that both the cavity mode leakage rate and the artificial atom decay rate are related to each
other. And as the number of artificial atoms increases, the number of transmission peaks does not increase, and
there are only three transmission peaks at most. In order to explain the law of this transmission spectrum, we
quantize both artificial atoms and cavity modes, and calculate the eigenvalues and eigenstates of the whole in a
single quantum case. In principle, if there are several particles, they will form several decorative states, and
there will theoretically appear several transmission peaks. However, we find that there are some decorated
states that do not contain the photonic component and thus do not contribute to the transmission peak. From
the specific form of these decorated states, many of them have the property of many-body entanglement.
Therefore, using such a single-mode cavity containing multiple coherently coupled artificial atoms, we can
construct the required many-body entangled state by simply inputting weak monochromatic light, and at the
same time, we can sense the forms of multi-body entanglement states in the cavity through the change of

transmittance.
Keywords: cavity quantum electrodynamics, interatomic coherent coupling, input-output relationship
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