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Figure 1 (Color online) The 1D marginalized distribution and 2D re-
gions with the 10~ and 20~ contours of matter density parameter Q,,,, Hub-
ble constant Hy and parameters 3, ¥, ¢ related to data in the ACDM
model.
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Figure 2 (Color online) The 1D marginalized distribution and 2D re-
gions with the 1o~ and 20 contours of matter density parameter €, equa-
tion of state parameter w, Hubble constant Hy and parameters S, y, 6
related to data in the XCDM model.
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Figure 3 (Color online) The 1D marginalized distribution and 2D re-
gions with the 1o~ and 20 contours of matter density parameter €,,, equa-
tion of state parameter w, constant parameter y,; quantifying the extent
of interaction between dark matter and dark energy, Hubble constant H,
and parameters 3, y, ¢ related to data in the y,IDE model.
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Figure 4 (Color online) The 1D marginalized distribution and 2D re-
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gions with the 1o~ and 20 contours of matter density parameter €, equa-
tion of state parameter w, constant parameter y,, quantifying the extent
of interaction between dark matter and dark energy, Hubble constant H,
and parameters 3, vy, ¢ related to data in the v, IDE model.
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Table 1 The best-fit values with their 1o~ uncertainties of Hubble con-

W

stant Hy, matter density parameter €,,, equation of state parameter w and
constant parameter y, /v, quantifying the extent of interaction between
dark matter and dark energy in four models

1R Ho Q w Ya/Ym
ACDM  68.177*0807  0.317+0(0 -1 0
XCDM  67.103133% 0322090 -0.936%013 0
¥4IDE 669927276 0.323*0017 —0.925*01%8  0.005+0.9%
ymIDE  66.33272905  0.329%0018  -2.604*04¢8  0.017*00

AR/, MZhangZ5E N\ OV TAE ol 40, S K B A
LIRS R BTN W] LA 8 5 Xy, 2 B IR il A
B, By, B OMEAE AR R R I BT S WA B
Ak, HEERAMA R R1oaE N, 45 EREE
A He RN B g SRS T7 1R S 5008 RS IR 7 B AR A B
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Table 2 The AIC and BIC values in different models and differences
based on ACDM model

it AIC AAIC BIC ABIC
ACDM#& A 578.63 0 605.91 0
XCDM#5 580.31 1.68 613.04 7.13
Y IDEFTY 582.35 3.72 620.54 14.63
v IDE Y 581.78 3.15 619.97 14.06
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Figure 5 (Color online) Constrains on Q,, in different models.
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Figure 6 (Color online) Constrains on Hy in different models.
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Table 3 Jensen-Shannon divergence (JSD) between ACDM and other
cosmological models with respect to the matter density parameter €,
and Hubble constant H,

T XCDM y4IDE YmIDE
Q, 0.253 0.392 0.428
Hy 0.550 0.578 0.595
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Figure 7 (Color online) Allowed parameter regions in the (mg — Aps)
plane under the constraint of dark matter relic density Qh? = 0.1198 +
0.0012.
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Figure 8 (Color online) DM-nucleon scattering cross section as the
function of DM mass for several ypy.
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Observational constraints on interacting dark energy models
with multiple measurements of quasars
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! Department of Astronomy, Beijing Normal University, Beijing 100875, China;
2College of Science, Chongging University of Posts and Telecommunications, Chongging 400065, China;
38chool of Physics and Optoelectronic, Yangtze University, Jingzhou 434023, China

Dark energy and dark matter, two subjects of basic physics, have received a lot of attention in the 21st century. From the
observational point of view, the interaction between dark energy and dark matter can significantly affect cosmological dis-
tances. This gives rise to the possibility of indirectly detecting such interaction through high-redshift cosmological probes.
Theoretically, the introduction of interaction between dark energy and dark matter can assist in alleviating the coincidence
problem of the standard cosmological model (ACDM model). Furthermore, this can provide a new method of studying the
properties of dark matter particles. In this paper, based on the latest observations of multiple measurements of quasars (X-
ray+UYV quasars acting as standard candles, compact radio quasars acting as standard rulers) covering the redshift range of
0.04 < z < 5.1 and baryonic acoustic oscillation between (0.38 < z < 2.34), we investigate the observational constraints on
a variety of interacting dark energy models (y,IDE model, y,,IDE model) and other cosmological models (ACDM model,
XCDM model). The results provide us with a quantitative analysis of the possible interaction between dark energy and
dark matter, as well as the possible range of the mass of dark matter particles. The joint analysis shows that: (1) Multiple
measurements of quasars can provide more stringent constraints on the interacting dark energy models, which can further
strengthen the potential of quasars acting as effective cosmological standard probes at higher redshifts; (2) In the frame-
work of both y,,IDE model and y,IDE model, the quasar data supports possible conversion of dark energy into dark matter
at high redshift, which alleviates the coincidence problem to some extent. We also found that the interaction term is of
a small value, which demonstrates the negligible interaction between dark matter and dark energy; (3) In the framework
of ACDM model, which has shown the best consistency with quasar data, the density parameter of matter in the Universe
is constrained at Q,, = 0.317*){07, with the best-fit Hubble constant Hy = 68.177*3%7 at 68.3% confidence level. These
findings are consistent with the recent microwave background radiation (CMB) measurements from the Planck satellite;
(4) If dark matter in the Universe exists in the form of scalar-field dark matter with Z, symmetry, we obtain the range of
the mass of dark matter particles as 56 GeV < ms < 63 GeV or mg = 450 GeV, based on the dark energy-dark matter
coupling term from multiple measurements of quasars. Such conclusions agree well with the latest experimental results
aimed at the direct detection of dark matter particles.

quasars, dark energy, dark matter
PACS: 98.80.Es, 98.54.Aj, 95.35.+d
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