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Future radio facility

FAST core array

small-D, big-N



Why ‘small-D, big-N’

* Field of View (FoV) o< A /D

* Sensitivity o< N D?
+ Localization precision < A /B~
* Telescope cost per sensitivity o<
(ND%)/ (ND)=D
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Computing cost is cheaper



Digital backend for radio array

 Data rate o< N
* Computing cost o< N (B / D)2

,k
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Figure 3.2: A fish-eye view of the TRAPUM user supplied equipment ( he

F_eng i ne B_eng i ne KAPB. Top panel is the FBFUSE rack. Bottom panel shows APSUSE consisting of 7

?
% % racks from the left with the rest belonging to TUSE. (Credits: E. Barr)

Big challenge in data processing




Geometry delay k- F//

Element 1

Element 2

Integer sample delay
+

Fractional sample delay
+

Complex gain
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F-engine for ARGOS

Men* et al. 2025,A&A
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F-engine for ARGOS
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B-engine for MPIfR CryoPAF

* Low cost
* Low latency
* Low power consumption

* Dual-pol 128 elements

* S-band (1.3-2.6 GHz)

AMD Alveo™ U55C
FPGA accelerator
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Max-Planck-I




Survey with radio array

Strength:
* Better RFI mitigation
 Baseline subtraction

e Better candidate classification

B prd {ma}: 5509343145507 TC prd {mz): BE08.508401781  DM: 3350 BC freq (Hz): 0117517884
Corm {ma): -0.464842798  Corrn (ma): -0.484800634 Corrni -0.000 Fregem (Hzk 0006010075
Errar {ma): 0729539665  Errar (ma): 0.729539665  Error: 14,861 width {ma): BE.479
Bagt S/ 561.22
]
f \ \ T T T \
b 0.2 0.4 0 0.8 1 1.2

Weakness:

* Much more computing power required

* Much more power consumption

EC prd (ma): B8508.343145507 TC prd (ma); 8a03.608401781  [M: 3350 BC freq (Hzj:  0.117517884
Corrn {rg): -0.484542738  Corrn (ma): -0.4845300934 Cormn: -0,000 Freqerr. (Hz): 0000010075
Errar {ma): 0,729539665  Error [ma): 0728538665 Error: 14,861 Width {ma): 66.473
Bact S/H: HEG.52
-
o
T T T T T T 1
H 0.2 0.4 0.6 0.8 1 1.2

We need to better software




TransientX

Men* & Barr 2024, A&A Table 4. Summary of detection results on FAST_FREX.
No. Software TP FP P (%) R (%) Total Speed [s/it] Bandwidth Confidence
H1 HEIMDALL 487 8635  5.33 81.2 600 4.72 F B
.d I d T1 TRANSIENTX 576 10044 5.42 96.0 600 3.13 F =
wide y use Al ASTROFLOW 571 3 99.5 95.2 600 0.25 F 0.4
around the A2 ASTROFLOW 584 28 954 973 600  0.67 F+4+L+H 0.5
A3 ASTROFLOW 588 49 92.3 98.0 600 0.65 F+L+H 0.4

ity by~ world

NoOTE—P: precision; R: recall. Bandwidth labels follow Table 2.
Lin et al. 2026, ApJS

Table 5. Benchmark comparison on the FAST-FREX dataset Guo et al. (2025) (600 FRB bursts). Best results are highlighted in bold. For
FRTSearch, execution time is reported as parameter-only / with diagnostic plots.

Method Threshold TP #Candidates Recall (Yc) FPPI (per file) Time (s/file)
PRESTO SIN>5 479 2,990,577 79.8 4,983.5 221.8
Heimdall SIN=5 505 29,901 84.2 49.0 16.0
TransientX SIN=5 600 49,405 100.0 81.3 60.3
FRTSearch Confidence > 0.1 588 3,050 98.0 4.1 8.7/16.0

Zhang et al. 2026, arxiv

https://github.com/ypmen/TransientX




With RFI cleaning (0.2.0)

PSR J1554-5209
Median SNR Boost = 31.4%
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Men* et al. 2023, A&A

Mo RFl cleaning (0.1.7)

MeerTRAP

PulsarX

~50 times faster than presto

SNR Improvement Comparison
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Transients and Pulsars with MeerKAT

A =] B )
30 ¢ + 8 1
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Targeted pulsar searches: g T Nsi + %E 53|~ 2
3oL L £ 3| ]«
* SNRs, PWNe - : L]

30 40 50 60 70

unidentified Fermi gamma-ray sources

Orbital inclination angle, i (deg)

Globular Cluster Searches Barr* et al. 2025, Science

Extragalactic pulsar and transient searches A possible first pulsar black-hole
binary system!




MPIfR-MeerKAT Glactic Plane Survey (MMGPS)

* MMGPS-L (complete): 78 discoveries

17 binaries

* MMGPS-S (ongoing): 9 discoveries

6 close to Galactic center

* MMGPS-UHF (ongoing): 66 discoveries Sl —
in 100 hrs, 300 hrs left Padamanabh* et al. 2023, MNRAS




Long-perio
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GPM1839-10 with MeerKAT

o SO-A
« Down-drift sub-structure similar to repeating fast radio bursts : °|
-50
* Faraday conversion behavior 003
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* Down-drift polarization conversion with absorption 500
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GPM1839-10 with FAST
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