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Lorimer Burst 



The FRB Surveys



CHIME 
Cherry Ng  et al. (2017)

CHIME Collaboration  et al. (2018)



ASKAP
Dimeter :12 m 
Beam: ~1 deg   
PAF: ~5.5 deg

Credit: Kim Steele

Fly’s eye mode 
- Use 36 beams in each path 
- Use 36 antennas pointing independently 
- Effectively 36 x 36 = beams 
- Powerful tool for finding fast transients 

Credit: Wikipedia 

C. W. James, et al,2019 

Phase Array Feed

Phase Array Feed



MeerKat
Plot from web

• 64  13.5-m telescopes 
• Central compact array 
• South Africa 
• Along with the HERA, ASKAP and the MWA,  

precursors to the final SKA.

The system overview is on going….



Deep Synoptic Array 

• 110 × 4.65-m dishes 
• Owens Valley Radio Observatories  
• continuously survey for FRBs at 1280 – 1530 MHz 
• Localization < 3” 
• 100 FRBs per year

Vedantham et al. (2016) 
The relatively shallow slope of the FRB logN–logF curve implies that a 
modest telescope array with N~10 and d<6m aperture is sufficient to 
detect and localize a large population (>1 month−1) of FRBs. 

Condition: =60 K, η=60%, Δ   = 500 MHz, =1.5 GHz, Tsys ν νc Nstations = 10



Small Dishes Interferometry
Advantage:

• Portable  

• Matured technique 

• Extensible deployment 

• Low Coast

Disadvantage:

• High computing cost 

• Complex algorithm 

• High Data rate



Small Dishes Array in China
Gui Zhou Normal University  

(Ru-shuang Zhao)

• 4  4.5 m dishes 

• L-band (1-1.5 GHz) 

• Cost: 200,000 Yuan per dish

×



How to search FRBs
De-dispersion

(Taylor, J. H. 1974, A&AS, 15, 367)



2DFFT method

• Straighten the Curve 

• 2D-FFT 

• Zoom in the burst zone 

• Polar Coordinates transform 

• 2nd 1-D FFT along radius



Simulated Burst 
• DM  : 500   

• Time resolution :  1 ms 

• Bandwidth  :  700-800MHz 

• Frequency Channels  : 1024 

• Total Time  : 1.024s

pc cm−3



Straighten The Curve
Denote    μ = v−2
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Interception of vertical axis:

Where   t0 = 50 ms



2D FFT on the straight
In the re-bin map, the curve map could be described as:   

I(μ, t) ⋅ δ(krebin ⋅ t + b − μ)

ℱ2D{I(μ, t) ⋅ δ(kret + b − μ)}
= ∫ ∫ I(μ, t) ⋅ δ(kret + b − μ) ⋅ e−i2π(ωμ+ft) dμ dt

= ∫ I(kret + b, t) ⋅ e−i2π(ω(kret+b)+ft) dt

= ∫ I(kret + b, t) ⋅ e−i2π(ωkre+f )t ⋅ e−i2πωb dt

= Itotal ⋅ δ(ωkre + f ) ⋅ e−i2πωb

Take Fourier Transfer pair: , then take 2DFFT:(μ, t) ∼ (ω, f )



Transient in  plot(ω, f )

ω = −
1

kre
f

In  plot, The slope of straight is:I(ω, f )

And the interception in  plot goes to the phase term :(μ, t)

e−i2πωb

Itotal ⋅ δ(ωkre + f ) ⋅ e−i2πωb



Transient in  plot(θ, r)

σ2D =
ΣNθ

i=1Σ
Nr
j=1(I′ ij − Ī′ )2

(Nθ − 1)(Nr − 1)

The standard deviation of 2D matrix of  map:(θ, r)

Sum along  axis:r

{f = r ⋅ cos θ
ω = Nω − r ⋅ sin θ

σi =
ΣNr

i=1(I′ i − Ī′ )2

(Nθ − 1)



The significance after additional   1D FFT

Second 1-D FFT along radian direction, Then the signal 
converge into some dots.  
The amplitude square value of matrix elements 
contribute to  distribution with degree 2.  Pick the 
singular values from the spots. Then calculate the 
significance as: 

χ2

rsig = ∑
Δθ

| I(τ, θ) |2
≥Tσ

)

σ ⋅ Npixel



2DFFT Pipeline 
Based on this algorithm we developed a open source pipeline which called 2DFFT: 
(https://github.com/peterniuzai/2DFFT-transient_search_Pipeline)  



Better at large scale RFI eliminating
Top panels:  Left and right plots the transient 
waterfall with and without pre-process.   

Bottom panels:  Perform 2D FFT on the 
transients with and without the pre-process.

Results:  
• After 2DFFT, The transient 

divergence with pre-process is much 
smaller than that without pre-
process.  

• The large scale RFI could be 
eliminated clearly after 2DFFT. 



The S/N improvement  after re-bin process
Time resolution :  1 ms 
Frequency Bandwidth:  700-800 MHz 
Number of frequency Channels : 4096

Results:  
• The S/N improvement Varied with DM. 

(Curvature) 
• Due to the large DM of FRB, Re-bin process 

is necessary to be taken in use.  

S = (Imax − Imean)/σ
ℛ = (Srebin − So)/So



The detection rate after additional 1D FFT  
Time resolution :  1 ms 
Frequency Bandwidth:  700-800 MHz 
Number of frequency Channels : 1024 
Inject different DM transients 
Each DM are generated 100 times.

Results:  
• Result: With additional  1DFFT, the 

detection sensitivity could reach 100% when 
input SNR is 5. 

• Additional 1D FFT is necessary and helpful 
to improve the detection rate.



Time cost of each step

Time resolution :  1 ms 
Frequency Bandwidth:  700-800 MHz 
Number of frequency Channels : ?

Results:  
• 2DFFT and re-bin step cost a lot in this 

algorithm 
• The other steps are acceptable



Exam the known FRBs



Compare with Other Open Source Software 

Time resolution :  1 ms 
Frequency Bandwidth:  700-800 MHz 
Number of frequency Channels : -? 
Total Inject time duration: 1200 s

Software list: 
• Heimdall (GPU based) 
• SIGPROC (Single and multi Treads) 
• SIGPYPROC  
• 2DFFT (4 Threads)



Compare with Other Open Source Software 

Time resolution :  1 ms 
Frequency Bandwidth:  700-800 MHz 
Number of frequency Channels : 1024 
Total Inject time duration: -?

Software list: 
• Heimdall(GPU based) 
• PRESTO (Sub-band) 
• 2DFFT(4 Threads)



Compare with Other Open Source Software 

Time resolution :  0.1 ms 
Frequency Bandwidth:  700-800 MHz 
Number of frequency Channels : 2048 
Total Inject time duration: -?

Software list: 
• Heimdall(GPU based) 
• 2DFFT(4 Threads)



Conclusion & Future

2DFFT is a highly effective pipeline for searching radio transients. It excels at 
eliminating radio frequency interference (RFI) and parallel processing. Although the 
time cost of the re-bin step could not be ignored, the pipeline based on GPU is also 
promising. 

Our collaborators from Computer Network Information Center (CNIC) have 
created a GPU-accelerated 2DFFT pipeline. This pipeline has the capability to 
achieve twice the speed of our Python version. More information regarding the 
specifics will be provided soon.


