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Abstract

A radio transmitter which is accelerating with a non-zero radial component with respect to a receiver will produce a signal

that appears to change in frequency over time. This effect, commonly produced in astrophysical situations where orbital and

rotational motions are ubiquitous, is called a drift rate. In radio SETI (Search for Extraterrestrial Intelligence) research, it

is unknown a priori which frequency a signal is being sent at, or even if there will be any drift rate at all besides motions

in the solar system. Therefore a range of potential drift rates need to be individually searched, and a maximum drift rate

needs to be chosen. The middle of this range is zero, indicating no acceleration, but the absolute value for the limits remains

unconstrained. A balance must be struck between computational time and the possibility of excluding a signal from ETI.

In this work, we examine physical considerations that constrain a maximum drift rate and highlight the importance of this

problem in any narrowband SETI search. We determine that a normalized drift rate of 200 nHz (e.g. 200 Hz/s at 1 GHz)

is a generous, physically motivated guideline for the maximum drift rate that should be applied to future narrowband SETI

projects if computational capabilities permit.

1



F i g . 1 : A r a d i o 
observation of Mars 
showing a drift ing 
signal from human 
technology. A signal 
with zero drift rate 
would appear as a 
vertical line.
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Astrophysical Considerations
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Why drift rates matter in SETI

What is a “drift rate”?

• Human radio technology produces signals >100X 
narrower than natural sources (unambiguously artificial)

• Drift rates can cause a narrowband signal to move 
through multiple frequency bins during an observation
• The power in each individual bin drops (decreasing 

signal-to-noise ratio) and the signal distorts
• We can correct for this but we don’t know a priori 

what drift rate a signal will have
• Process must be repeated for many drift rates, 

looking for the best fit.

• A radio transmitter that is accelerating radially with 
respect to a receiver will produce a signal whose 
frequency changes over time proportional to the 
acceleration (“drift rate”/Doppler acceleration [Hz/s]) 

• Dividing this by the rest frequency frest gives a 
normalized drift rate [nHz] which is independent of frest

Eq. 1: Derived from the classical Doppler shift, this equation 
contains the four main terms (plus one “other”) which contribute 
to the drift rate from a transmitter in an exoplanetary system.
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• Correcting for many possible drift rates takes a lot of 
computing time, so most searches choose a maximum 
drift rate as an upper limit

• What upper limits can we get if we look at 
accelerations from astrophysics?
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Fig. 2: A cartoon illustrating the four main terms in Eq. 1

• Eq. 1 was applied to known observables from planets, 
moons, asteroids, comets, exoplanetary systems, and 
compact objects to create Tab. 1

• Drift rates are dependent on time and viewing angle; 
the table shows the maximized case.

• We also considered upper limits from theory
• The rotational upper limit from theory is the break-

up rotation rate (where a gravitationally-bound 
body throws itself apart) 

• The orbital upper limit from theory is the closest 
allowable orbit

• This table makes it easy to see which kinds of physical 
transmitter-hosting systems your narrowband SETI 
search is sensitive to, and which ones you could 
potentially be missing

Creating the Table
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Drift Rates chosen in previous SETI searches have been too low to 
find narrowband radio signals from known astrophysical systems. 
200 nHz is a better, physically motivated maximum drift rate.

Tab. 1: Each row contains and describes a specific physical system, gives the object from which the parameters 
were taken (if applicable), and gives the associated drift rate.  When a maximum drift rate is chosen for a study, it 
can be compared with this table; all rows below the chosen drift rate would be outside of the scope of the search.

1) [1] proposed a maximum fractional drift rate of 1 nHz, thereby accidentally defining a literature 
standard. With commonly used search algorithms, this standard could miss signals transmitted 
from the surface of Io.

2) Finding linear features in images is computationally expensive, motivating the need for a maximum 
in the first place, but not so expensive that increasing the maximum is prohibitive.

3) We propose a threshold of 200 nHz, encompassing all known solar system bodies and exoplanets. 
However, each observer must consider their own specific goals, resources and targets to 
determine their own maximum drift rates.

Takeaways
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