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Motivation for New Physics beyond the Standard Model

» The convincing evidence

Dark energy; dark matter; neutrino masses and mixing; baryon asymmetry; inflation; ...

» Fine-tuning problems
Cosmological constant problem; gauge hierarchy problem; strong CP problem; SM fermion masses and

mixings; ...

» Aesthetic problems

Interaction and fermion unification; gauge coupling unification; charge quantization; too many parameters;
» The electroweak vacuum stability problem

The stability problem can be easily solved in the new physics models.

» New Physics beyond the SM!
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The Peccei-Quinn Mechanism and QCD Axion

» The Peccei-Quinn mechanism provides a natural solution to
the strong CP problem, and predict the QCD axion

» The QCD axion can be a dark matter candidate if its mass is
around 50 peV.

» The resonant cavity experiment has been proved to be able to
probe the QCD axion models!

» We plan to perform the resonant cavity experiment.
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Axion Experiment

» We have gone through almost all the axion experiments and
proposals in details, and thought it very carefully!!!

» The DOE Office of High Energy Physics and the NSF Physics
Division have jointly selected a portfolio of projects for the
second generation of direct detection dark matter experiments
on July 11, 2014. The joint DOE/NSF second-generation
program will include the LZ and SuperCDMS-SNOLAB
experiments with their collective sensitivity to both low and
high mass WIMPS, and ADMX-Gen2 to search for axions.

» In Summer 2016, we made the final decision to perform the
resonant cavity experiment to search for QCD axion dark
matter!
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Resonant Cavity Detection (Haloscope) Basic principles

Resonant cavities (Sikivie,1983) R . Y -
Assumption: DM is mostly axio ‘ UxB = GE +g F’a_a
"ot T\ 0ot

Cavity Response Axion Source

Axion DM field
Non-relativistic
Axion mass~Frequency

1
W =m,(1 +Ev2 +0(v*))

If Cavity tuned to the

l : Axion frequency,
Cavity’s size smaller than De Conversion is boosted
Broglie wavelength of Axion By resonant factor Q

(Quality factor)
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Specifications: Base T < 17mK, Cooling power 200uW. Similar size to Bluefors
LD250/400 or Oxford Triton200/400.
Hope base T < 10mK, P>400uW@100mK by 2022/12
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The dual-path scheme can enhance the signal-
to noise ratio up to one-two order of magnitude
compared with single-path scheme. Greatly
increases scanning speed.
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arxiv: 2201.08291
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Dark photon dark matter theory
¢ One of the simplest possible SM extensions: add a new ‘dark’ U(1)
1 / v v
L=- Z(F#”FW + FUFy, — QF"Fy, — 2miA)),

o A, can mix directly with the SM photon, controlled via the parameter y

¢ Light dark photons are best described as a coherent wave oscillating at a
frequency set by my, rather than a collection of distinct particles.

¢ Just like the axion this can provide a natural DM candidate. Interesting
phenomenology and experimental possibilities!

¢ Unlike the axion: no B-field needed, no specifically favoured m, values

Tianjun Li ITP-CAS



ABMX """’"" n/ o..u-enm

oo
nm"-lm"\ = \\ K:.!C:IEAP‘;E"::
ounurmu/ / T e | "ABRACADABI
Dark E-field Radio / /\ \umrosr
BACON . ‘ALPHA ADMX
S
Axion - Pouanzean e
1 UPLOAD/DOWNLOGAD.
Dark photon ~ % A0 Gmoan s
Scalar/vector

APEX was based at Hunan Normal University and the Institute of Physics, Chinese Academy of Sciences
From October APEX will run at Anhui University, whilst we prepare a dedicated laboratory at Henan Normal University

(Figure courtesy of Ciaran O'Hare)
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Dark Photon Experimental Constraints
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(Figure courtesy of Ciaran O’Hare)
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How do we search for this ‘dark’ wave?

e Dark photons/axions from the DM halo resonantly convert to photons when m,
matches the resonance frequency of a microwave cavity
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blackbody radiation, plus
]* added Johnson noise from

Power

the receiver chain

Frequency

Ji=myl2r

([dVE(T) - A7)’
[dVIET) [P |Ag())?

nx zmAP VerQy .

Peak power is Py, =
P 0 + 1 Ver =

« We don't know my, so we need to scan the parameter space
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APEX experimental details |

N % Spectrum Key components
Analyzer

* Keysight N5231B network analyser

Network
Analyzer

40dB 4048 oo ¢ Keysight N9020B spectrum
analyser

* Bluefors LD 400 dilution refrigerator

* Cryogenic HEMT amplifiers, 36 dB
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Total noise temperature: 7.5 K, gain: 108 dB, loss: 23 dB
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APEX experimental details I
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APEX experimental details I

e Transmission and reflection measurements allow us to find ﬂfo or
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Data analysis

* Data arrive in the form of power spectra, measured by the spectrum analyzer

3

Each point here is 5 T . Mean pc2>\3iver is
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APEX Experimental Constraint
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(Using the AxionLimits code)
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APEX Experimental Constraint
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APEX Collaboration

* We have performed a cavity haloscope experiment, searching for dark
photon DM

« Finding no statistically significant excess, we we place an upper limit
|x| < 3.7 % 107'% around m, =~ 29.5ueV (90% CL)

* This exceeds other constraints on dark photon DM in this frequency range
by roughly an order of magnitude
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Dark Photon Search at the TASEH experiment

In Collaboration with: TASEH Collaboration
Cheng-Wei Chiang, Yuan-Hann Chang, Hien Doan, Nick H011Ft011.
Tianjun Li, Lina Wu, Xin Zhang

Tianjun Li ITP-CAS



The TASEH Axion Limits to Dark Photon Limits

Zef T
E 8
Sk 2 o
2. .= TASEH Axion limit TASEH Dark
E Phys RevLett 128 (2022) 11, 111802 *
E Phys. Rev.D 106 (2022) 5, 052002 .
AeviScinstrum. 93 (2022) 8, 084501 Photon limit

Tianjun Li ITP-CAS



Dark Photon Search at the TASEH experiment

TASEH dark photon
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The Tentative Dark Photon Signals

The merged spectrum before and after rescan:
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The Tentative Dark Photon Signal

SNR before and after rescan
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The signal was detected via a portable antenna outside the DR and found to come from the

instrument control computer in the laboratory.
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The Tentative Dark Photon Signal

SNR before and after rescan
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The signal was not detected outside the DR but still present after turning off the external
magnetic field.
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The Prospects of the APEX Experiment

» Double check the tentative dark photon signal in the range
4.71017-4.71019 GHz via dual path read out system, Anhui
University.

» The axion and dark photon searches at the Henan Normal
University.

» The axion and dark photon searches at Chinese Academy of
Sciences.
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» The dark photon searches at the APEX and TASEH
experiments.

> A tentative dark photon signal around in the range
4.71017-4.71019 GHz at the TASEH experiment.

» The Prospects of the APEX Experiment.
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Thank You Very Much
for Your Attention!




