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Detection Method
Particle interaction within ice emits 

radio transient captured by ANITA 
payload

annihilation track
Nugget

photons

ANITAPower detector senses 
dark matter interactions

through increase in thermal
noise level
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Approximate field of view
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•“Standard-model” candidate for Dark Matter

•Hypothesized as “strangelets” by Edward Witten in 
1984

•Modifications have been proposed more recently

Theory: Anti-quark Nuggets
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Current Limits
•Energy budget for 
geothermal activity in 
Earth and Moon

•Dark matter density

•Observations by IceCube 
and Lake Baikal Detector

•Observations by previous 
ANITA flights

Gorham arxiv:1208.3697 6
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Why?

• Minor alterations to existing ANITA 
flight electronics needed for 
significantly improved sensitivity

Great return on investment!
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ANITA 3 side view

50º opening angle (3dB point of antennas)
10º downward orientation
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Phi 
Sectors
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Top view 22.5º between
 adjacent phi sectors 50º opening angle (minimum)

57km

53km
Minimum distance detector 
traverse for detection
(crosses one full phi 

ANITA
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Two power monitors per antenna plus three 
antennas per phi sector provide spacial 

granularity

Time

Noise
Power

Phi
Sector

1

2

3
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Improvements to 
ANITA2

• Unfortunate sampling scheme on 
ANITA-2 limited sensitivity of 
detector to dark matter
• RF Power only measured upon readout of waveform detector, used 

as “aliveness” and gain monitor

• 10Hz sampling rate, 1us integration time xxxxxxxx

• Increase sampling rate and 
integration time
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Sampling rate vs 
event velocity

Sampling rate required to get 5 samples of an event moving at velocity V
across detector to cross three phi sectors

240km/s
mean 

galactic 
velocity

ANITA2
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Sensitivity 
Requirements

Requires 0.2K sensitivity over 300K 
nominal noise environment

0.0029dB variation

from Gorham arxiv paper14
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RF Signal Path

Antenna
Amplifier
 Chain
(+76dB)

ANITA DAQ Crate

Data path

Trigger Path

Splitter

Trigger

Power Detector

Coupler

SURF Board (12 channels)
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8x SURFs

 TURF

LAB4
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Expected Power
KTB=(1.38e-23[J/K])(300[K])(1e9[Hz])

=4.14nW       -83.8dBm

+76dB of front end gain
-3dB splitter

-3dB/-10dB coupler
+63dB to Power Monitor -20.8dBm

net gain
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+73dB to Digitizer -10.8dBm
+70dB to Digitizer -13.8dBm
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LTC5582 Power Detector

Linearly 
converts 

broadband RF 
power to 

digitizable
voltage output
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16bit digitizer (ADS1113)
2.5V/(2**16)=0.04mV

Resolution obtainable from OTS ADC
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From
Trigger
Path

Surfin Power 
Detector Circuit
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Conclusion

• ANITA-3  mission already 
a go, additional science 
for minimal resource and 
time investment

• Further constrains 
possible dark matter 
candidates

• Directional and energy 
measurements possible.
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Extra slides
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Useful purposes for RF power 
monitor circuit

Slow RF data monitor

Can be used to determine channel 
by channel operational status 
without relying on LAB4 or RITC

Rough orientation sensor

Can use absolute power measurement 
to determine sun position
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Production Mechanism

E. Witten, Phys. Rev. D 30, 272 (1984)

•Possible stability provided by “color 
superconductivity” at Fermi surface of nugget

•Remanent of quantum chromodynamic phase 
transition in early universe evolution

•Neutral and metastable during formation
•Avoid nucleosynthesis interactions (baryonic 
content constraint avoided)

“nugget”
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Storage requirements
2 bytes per event

x100 channels
-> 200 (bytes/second)/Hz

400Hz will yield 800kB/sec
(waveform readout 10x greater)

~400GB for 60 day flight
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Azimuth
response
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Elevation
response
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