New dark photon search with
millimeter waves above 20 GHz
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Open window in the light dark photon search (Kinetic mixing )

Purely laboratory constraints

Dark photon
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The mass range between 10> and 10* eV is wide open z



Previous Light-shining through a wall experiments and THz gap
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Fabry-Perot resonator for m,,<30 GHz
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Synchronize the generator and
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the detector
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ADC + FPGA for accelerator development
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* Noise level of better than 1022 W

* Proven to be feasible in case of 3 GHz
e Commercial amplifier 20W

* Number of input photons

P/hv~1024 51



Synchronize the generator and the detector
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Future of millimeter-wave dark photon search

Super-stable high-power gyrotron by PLL
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Physics reach

Experiment 1-3 1-b 2 3 4
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One challenge is noise handling

- Experience from CROWS

Coherent detection
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Conclusion

* Light-Shining-Through-a-Wall experiments with 30 GHz may be able to address a
niche in the previous and future constraints of dark photon search

* Resonator development
 Narrow-band coherent detection

* New technology may open a new opportunity in WISPs search
e Super-stable high-power microwave generator
* Hypersensitive superconducting gquantum sensor
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Kinetic mixing between photon and dark photon

Ordinary photon Dark photon Maxwell equation in vacuum
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constant y < 1075 In parallel, another equation for the dark photon
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— Photon is a tool to investigate light dark photon
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Average Power (W)

28 GHz 20kW gyrotron

More photons: gyrotron at Karlsruhe
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Super narrow-band gyrotron by Phase lock loop

* In March 2021, a Russian group reported Hz-level
absolute bandwidth with 170 kHz 25 kW gyrotron
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Promising and interesting classical microwave engineering

T 12:27:03 AMDec 11, 2020

Mkr1 169.284 999 99 GHz [y
-67.97 dBm

Ref -33.00 dBm

10d8) |

y
i

‘ J'\ |J‘ an,-3 dB (Normal)]

:-‘ ﬁ
AT AL T .
kit 1 HEY Mgy

Center 169.284999900 GHz
#Res BW 30 Hz

Span 10.00 kHz

VBW 30 Hz Sweep 13.40 s (1001 pts)

Center 169.293060000 GHz
#Res BW 1.0 Hz

pan 10 Hz
Sweep (FFT) ~1.8(;l2§(1001 pts)

STATUS

VBW 1.0 Hz




s coherent detection useful forever?

No! Standard quantum limit

Coherent detection relies on phase information
Classical waves ~ coherent state g
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From zero point energy at 30 GHz
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Background: thermal photons from black body radiation
- Cooling down!

S.K. Lamoreaux et al Phys
Rev D 98 035020 (2013)

Single photon counting can defeat the quantum-limited
detection at low temperature of any bandwidth
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Transition Edge Sensor (TES) at NEST & INFN Pisa

TES operated in a dilution refrigerator (20-100 mK) in Pisa

Detect dramatic
change in
resistance g4g

antenna structure
to reduce
broadband noise

] Superconduc
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TES

Antenna \ Antenna

refrigerator at Pisa
<100mK

R Established technology in astroparticle physics

4 D. H. Andrews, et al, Review of Scientific Instruments 13, 281 (1942)
F. Paolucci et al Journal of Applied Physics 128, 194502 (2020)

Conventional TES can reach 1017 W/Hz/2 with promising improvement to
reach 10_20 W/HZl/2 and could even reach 10_25 W/HZl/2 (Josephson escape sensor)




