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The echo Idea
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Stimulate the decay of nearby dark
matter axions into photons by sending Detect the photons that come back
out a powerful beam to space
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Outline

Axion stimulated decay
Properties of the echo wave
Power at ground level
Sensitivity

Preparation for first echo experiment, by Quan Guo (Shanghal
Astronomical Observatory, CAS)



Axion-photon interaction



Decay rate

Decay rate in vacuum
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Stimulated decay as Bose-enhancement
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* A photon of momentum —k is created

* Decay rate is enhanced compared to vacuum by a factor f ~ (k? )
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Enhancement factor

m = 107° eV
- B = 1 MHz~
k) +1 N 20
F(F) r w fy ~ 10
D = 1m



Properties of the echo wave




What does the echo wave look like?
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Echo Beam from emitter

10



What does the echo wave look like?
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What does the echo wave look like?
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Properties of echo wave
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* Polarization, 90° angle if linear

» Mode with momentum —k + p s excited >
W3 VU, g

* Propagates (almost) backwards for
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Properties of echo wave
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Properties of echo wave
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Echo power at ground level




Echo power at ground level:
One dimensional case

* No axion transverse velocity

* No beam transverse wavevector components




Echo power at ground level:
One dimensional case
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Echo power at ground level:
One dimensional case
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Echo power at ground level:
One dimensional case
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Intersection between
emitting and receiving
surface




Echo power at ground level:
One dimensional case
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Echo power at ground level:
One dimensional case
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Echo power at ground level:
Three dimensional case
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3D effects




A model for the beam

Approximate the main lobe of the antenna beam as a Gaussian beam
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Small velocity dispersion
X ~ 20,
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Small velocity dispersion
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Small velocity dispersion
tog > R/v,
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Large velocity dispersion

5UJ_ X ~ 25U_|_

t — Toff




Large velocity dispersion
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e (\ —— Sul/R=0025 |  — duyr=ol
—— Sut/R — 0.05 —— Sut/R =105
0.08 - —— Sul/R = 0075 | - —— Gul/R =10
/\ —— Sel/R = 0.1 ——— §ul/R =20
R 06 - - dovt/IZ = 3.0
y
.
=~ 0.01 1 .
-
0.02 - il
0.00 - i
T T T 6 4 2 0 2 4 & s
/R r/ R

20



Large velocity dispersion
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Transmission
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Condon, Ransom - Essential Radio Astronomy
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Collected power

Concentric receiver of radius RC
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Sensitivity

PC tm
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See talk on Wednesday by P. Sikivie 32

|Isothermal sphere

Helioscopes
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Caustic ring model Isothermal sphere
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Fixed energy to cover a factor of 2 in axion mass (dashed)
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Caustic ring model Isothermal sphere
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Fixed beam power and on-time to cover a factor of 2 in axion mass (dashed)
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THE PREPARATION FOR THE FIRST
STAGE OF THE EXPERIMENT

Quan Guo

Shanghai Astronomical Observatory, CAS



POTENTIAL EXPERIENTIAL SITE

Keysighl Technologies. N9913A, SN MYE1272205
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Very low Radio frequency interference
Only two of FM radio signals above the background noise after 64 dB
amplified




| Two type of Antennas
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First type of Antennas available
Low frequency 50 — 200 Mhz

Second type of Antennas availabl
Low frequency 0.3 — 3 Ghz
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DAQ SYSTEM
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FPGA Rfsoc (Xilinx Zyng® UltraScale+™ ),

12bit ADC FPGA sealed in the box
Power: 38w

INZRZI38 R,

Sample rate 480 Msa/s upgradable to 2Gsa/s
480 Msa/s SRFEZFR

4 10Gb ethernet output
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DATA SAVING SYSTEM

Powerful PC with GPU acceleration

Powered by the car batteries

Packed in the traveling case and easy to be moving around

Can Handle 7.6Gb/s data transferred from the DAQ: 1. Saving to the
disk directly or 2. perform FFT on-the-fly and save the spectrums.



MISSING PARTS

Power emission devices to emit at specific frequency
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