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SUMMARY: We report on the search results of Fast Radio Bursts (FRBs) from three Gamma-
ray Bursts (GRBs) at 2256 MHz using the 40-m radio telescope located at the YunNan Astronomical
Observatory (YNAO). The search for signals was triggered by the Burst Alert Telescope (BAT) on-
board the Swift satellite. Radio single pulses are searched in the data over a large range of dispersion
measure from 0 to 5000 pc/cm? in step of 50 pc/cm3. No FRB-like emission from the prompt phase
of GRBs are detected with significance > 50. If there are FRBs related to the GRBs, we set an upper
limit on the flux density of radio pulses of 2.5 Jy for GRB140512A and 8.0 Jy for GRBs 140629A and
140703A with the sensitivity of the telescope. A statistical analysis of the GRB data reveals that the

events detected above 50 are consistent with the thermal noise fluctuations.
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1. INTRODUCTION

Discovered by Lorimer et al. (2007), Fast Radio
Bursts (FRBs) are characterized by extremely strong
individual radio pulses of very short duration (in
the order of millisecond) and with peak flux density
reaching around several Jansky. In addition, FRBs
are widely spread with dispersion measure DM, which
is the integrated electron column density of free elec-
trons along the line of sight, greater than the maxi-
mum Galactic value. Subsequent searches for FRBs
in the last decade were conducted using the archival
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data from the Parkes 64-m (13-beam receiver) multi-
beam radio pulsar survey and from the Arecibo 300-m
(7-beam receiver) radio telescope, which resulted in
the discovery of another six FRBs (Thornton et al.
2013, Spitler et al. 2014). Recently, a great num-
ber of new FRBs were discovered in real-time search
with Parkes telescope, CHIME and FAST, which also
included measurements of their polarization prop-
erties (Bannister et al. 2017, Lorimer 2018, Bhan-
dari et al. 2018, Caleb et al. 2017, Chatterjee et al.
2017). To date, over 800 unique sources have been
published'. With wide field-of-view, repetitive cov-
erage of the sky and good sensitivity, CHIME has
discovered 24 repeating FRBs (CHIME/FRB Collab-
oration et al. 2019). Large samples of bursts have

Lhttps://www.herta-experiment.org/frbstats/catalogue
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also been recorded from some individual repeaters,
which allows the study of their individual burst en-
ergy distributions and average spectra, as well as the
change in their activity and properties with time. Li
et al. (2021) found that the isotropic equivalent en-
ergy distribution of FRB 20121102A shows a multi-
modal distribution. This indicates that repeaters can
produce multiple types of bursts, some of which ap-
pear arguably more similar to those seen from non-
repeating FRBs. In addition, the recent detection of
a bright FRB-like burst from the Galactic magnetar
SGR 193542154 has provided an important link be-
tween FRBs and magnetars (Lin et al. 2020). FRBs,
as one of the most tantalizing mysteries of our ra-
dio sky, have caused considerable discussion on their
origins and potential use as cosmological tools. The
large DMs associated with FRBs suggest that their
progenitors could be extragalactic in origin. Cur-
rently, there are 19 FRBs that have been localized to
their host galaxies®?. Cordes and Wasserman (2016)
examined the hypothesis that coherent processes in
neutron star magnetospheres can produce such lumi-
nous bursts originating from extragalactic sources.

Gamma-ray Bursts (GRBs), as one class of
the most powerful astronomical sources distributed
isotropically and inhomogeneously in our universe,
can be divided into short and long bursts based on the
temporal and spectral properties (Kouveliotou et al.
1993). The extremely strong emission from GRBs
are proposed to come either from high accretion of
black holes (Lei et al. 2013) or millisecond pulsars
with extremely strong magnetic fields (Usov 1992).
According to the central engine model for millisec-
ond pulsars, the rapidly rotating and highly mag-
netized neutron stars may emit strong radio pulses
of short duration and at low frequency during the
bursts, which could be detected by our radio tele-
scopes (Usov and Katz 2000). Recently, Zhang (2014)
proposed a magnetar model as the central engine for
GRB. In this model, the supermassive neutron star
undergoes rapid spin-down under its strong magnetic
field before it collapses into a black hole as it loses
the centrifugal support. The short strong radio burst
will be emitted during the magnetar phase, which
suggests that a small fraction of FRBs could be con-
nected with GRBs. However, no GRB events are as-
sociated with FRBs, as none of the X-ray statellites
are observing at the time and position of the FRBs.
Thornton et al. (2013) and Spitler et al. (2014) ruled
out the possibility that GRBs are the progenitors for
most FRBs based on the inconsistency of the event
rates. No counterpart from X-ray to radio wave-
lengths is identified, which ruled out the model for
long-duration Gamma-ray burst and Galactic origin
(Petroff 2014).

The verifications for the association of FRBs with
GRBs have been provided by a variety of past and
ongoing experiments that performed searches from

2https://frbhosts.org/
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a large range of frequencies for short duration radio
pulses after y-ray emission from GRBs. A search for
coincident radio pulses from 19 GRB events at 151
MHz failed to locate any astronomical signals (Baird
et al. 1975). This was due to the radio emission being
significantly limited by propagation effects when they
passed through the dense interstellar and/or inter-
galactic medium. Bannister et al. (2012) reported 9
GRB observations at 1.4 GHz using a 12-m radio tele-
scope located at Parkes Observatory. They detected
two dispersed short duration radio pulses with DM in
excess of the expected Galactic electron-density con-
tribution in the directions of GRBs, but later revealed
that they were unlikely to be astrophysical by a joint
analysis (Palaniswamy et al. 2014). In a motivated
search for FRBs in association with five GRBs using
a 26-m radio telescope equipped with rapid respond
to GCN notifications at 2.3 GHz, a non-detection was
reported at a sensitivity of 60 for 3 Jy (Palaniswamy
et al. 2014).

Also motivated by previous FRB searches, we aim
to test the possible connection between GRBs and
FRBs. Here, we report on the preliminary results of
this search that no discovery of FRB bursts can be
ssociated with the three GRBs with Signal-to-Noise
Ratio (S/N) larger than 5. The structure of our pa-
per is as follows. In Section 2, we describe our ob-
servations with the YNAO 40-m radio telescope at
2256 MHz. A detailed description of our single pulse
search pipeline is also given. In Section 3, we present
our results. We conclude the paper and summarize
the results Section 4.

2. OBSERVATIONS AND DATA REDUC-
TION

We observed three GRBs listed in Table 1 with
the 40-m radio telescope located at the YunNan As-
tronomical Observatory (YNAO) at a central fre-
quency of 2256 MHz. The GRB notifications from
the Gamma-ray Coordinates Network (GCN)? were
received via email. Only the notices from the gamma-
ray Burst Alert Telescope (BAT) on the Swift satel-
lite with field-of-view of about 3’ are filtered to be
accepted. Once the accessible GRBs with elevation
above 8° and within the visible range (—45° < 8 <
+90°) of the radio telescope were identified, the coor-
dinates of the GRBs was sent to the telescope control
system. Then, the radio telescope would slew to the
required position and began recording data.

The 40-m radio telescope has a Cassegrain op-
tics and two orthogonal circular polarizations, which
are split by an ortho-mode transducer (OMT) at the
end of the horn feed. A S/X dual-channel room-
temperature receiver is equipped to amplify and
down-convert the signal to an analog intermediate
frequency (IF) in the range of (0 — 500) MHz us-
ing a local oscillator (LO) operating at 2256 MHz.

3www.gcn.gsfc.nasa.gov
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Table 1: Details of the three GRBs observed with the 40-m radio telescope. « and /3 are the positions of a GRB in
J2000.0 coordinates. Ppat is the BAT position uncertainty. Tgar is the time when the BAT detected a GRB. Tgyg
is the duration of the GRB based on the BAT light curve. Tyec is the time when the recorders at YNAO 40-m radio
telescope starts recording the signals from the source. T is observational time duration for the source by the radio

telescope. Taye is the time resolution while recording the data.

Source « 1] Psat Trigger TsAT Too Trec Tobs Tove
(J2000.0) (J2000.0)  (arcmin) Date (UT) (s) (UT) (s) (us)

GRB140512A  +19"17™29° —15°06’ 3 2014 May 12 19:31:49 154.8 20:54:34 7200 1000
GRB140629A  +16"35™56° +41°53’ 3 2014 June 29 14:17:30 42.0 15:04:41 20510 100
GRB140703A  +00"51™58°  +45°06 3 2014 July 03  00:37:17 67.1  01:15:45 10748 100

After that, the signals are fed to a filterbank sys-
tem. The total bandwidth of the left and right circu-
lar polarized signals is 512 MHz from (2000 — 2512)
MHz. The analog IFs are divided into 1024 0.5-MHz
sub-bands before digitization. The data are recorded
for each subband in the standard pulsar data stor-
age format of PSTFITS* with a time resolution of
1000 ps for GRB140512A and 100 us for the other
two GRBs, and a digitalization precision of 8-bit.
The time stamp for the start of an observation is de-
rived from a Global Positioning System (GPS). The
recorded polarization products are in the format of
‘AABBCRCT’, where AA and BB are the direct prod-
ucts of the two A and B input channels, and CR and
CI are the real and imaginary parts of the cross prod-
uct from A*B. Bursts from some FRBs were reported
to be highly linearly polarized with flat polarization
angles across the bursts (Nimmo et al. 2021, Hilmars-
son et al. 2021, Kumar et al. 2022). In subsequent
data reduction, the two polarizations AA and BB are
treated separately throughout the pipeline till the end
of the processing.

For our experiment, the full width at half maxi-
mum for the primary beam of the radio telescope is
about 30’, which makes the observed GRBs fall in the
beam. The pointing error of the 40-m radio telescope
across the entire sky is ~ 30”. The System Equiva-
lent Flux Density (SEFD) is measured to be ~ 280
Jy by using the system temperature of 76.93 K, the
antenna efficiency of 60.22% and the diameter of a cir-
cular aperture antenna of 40 m. The limiting mean
flux density for the 40-m radio telescope is calculated
using the radiometer equation. Hence, the 50 flux
density sensitivity is calculated approximately equiv-
alent to 2.5 Jy for time resolution of 1000 us, and 8.0
Jy for 100 us, with effective bandwidth of 150 MHz
due to serious Radio Frequency Interference (RFT).

The recorded data were transferred to Xinjiang
Astronomical Observatory (XAO) for off-line anal-
ysis. The data processing were performed using our
single pulse search pipeline, which consists of RFI ex-
cision, DM search, event detection and classification
of events.

4http://www.atnf.csiro.au/research/pulsar/index.html?n=
Main.Psrfits

The first step in the pipeline is to identify and
excise RFI from the terrestrial transmitters, radars,
satellites, etc., which affects the total power as a func-
tion of frequency and time. The frequency bands
contaminated by persistent RFI are identified and re-
moved manually. For the short time samples with se-
rious RFT across the whole frequency band, a thresh-
olding method is used in the algorithm to remove the
RFI. In this method, a range of time series is formed
by summing over the frequency channels. The time
samples that exceed a pre-set threshold of 30 are
excised and replaced with mean power value of the
time series. The impulsive RFI was pre-dominantly
observed due to high voltage power-line and auto-
mobile sparking, corona discharges and switching of
inductive load. For the impulsive narrow-band RFI
excision, the method described by Wen et al. (2021)
was used. For each frequency channel, the interfer-
ence deviates from the assumed Gaussian distribution
of the noise. Bad channels with Sy = >, z7 ;/p?
greater than 12 standard deviation above the aver-
age are flagged and replaced by random values drawn
from a Gaussian distribution with a mean of 1.0 and
a standard deviation of 0.1, where x; ;/u is the sam-
ple at time t and frequency f after division by the
average value (p).

The astronomical impulsive radio signal will be
dispersed when it passes through a cluster of ionized
plasma in the interstellar and intergalactic medium.
This causes the group velocity of the pulse at a higher
frequency to be larger than that at a lower frequency.
Consequently, the received radio pulses will be weaker
and wider compared with the intrinsic signals. There-
fore, the next step in our pipeline is to search for the
real DM value by incoherent dedispersion for both
polarizations. This is achieved through application of
an appropriate time delay for each spectral channel
and suming the power across all the spectral chan-
nels. The dedispersed time series of both polariza-
tions are generated for DM ranging from 0 to 5000
pc/ecm? with a step of 50 pc/cm?. Each dedispersed
time series is then searched for single pulse events
above a defined signal-to-noise threshold. The finial
step in the pipeline involves the classification of de-
tected events > 50. The signatures of astronomical
signals, low level RFI, and thermal noise fluctuations

41



Y. F. ZHANG et al.

are visually inspected and classified using the diag-
nostic plots.

3. RESULTS

The results of our search for FRBs associated with
GRBs using the above detailed single pulse search
pipeline are given in Table 2. The DM ranges from
0—5000 pc/cm? with a step of 50 pc/cm3. The num-
ber of events > 50 detected for all GRBs by our
detector are listed in the second column. No sig-
natures of astronomical signals from the three data
sets are detected in the diagnostic plots via visual in-
spection. An example of diagnostic plot is shown in
Fig. 1, which illustrates the distribution of the de-
tected events > 5o for GRB140512A at 2256 MHz.
The top panel presents the DM for all events with
S/N > 50 plotted against time. The size of the
circles are proportional to the S/N of the events.
Palaniswamy et al. (2014) described the differences
among the signatures of astronomical signals, low
level RFT and thermal noise fluctuations in the DM-
time plane. The astronomical signals are broadband,
and expected to show a reduced S/N for DMs that
deviates from the true DM. The recorded events that
are > 5o from our detection pipeline for all observa-
tions do not show characteristic signature of an astro-
nomical signal. Most of the events detected at a single
DM step show S/N close to the detection threshold,
and they are caused by thermal noise fluctuations.
A small number of events appearing in multiple DM
steps are caused by low level RFI, and so they do
not possess the characteristic peaked shape similar to
that of a bright pulse from an astronomical source.

In the absence of a characteristic signature of an
astronomical signal > 50, a method similar to Ban-
nister et al. (2012) is adopted for dealing with the
number of false positives. In this method, the spec-
tral channels are randomized before dedispersion us-
ing the data from the GRB observations. The prop-
erties of thermal noise fluctuations and low level RFI
will be perserved for statistical analysis. The third
column in Table 2 shows the number of false pos-
itive events above 50, which is less than the de-
tected candidates. The method of randomizing the
frequency channels destroys the dispersion relation
of t x f~2 expected from astronomical signals, and
preserves the thermal noise fluctuations, narrow and
wide band RFI, while the impulsive RFI with inter-
mediate bandwidth are also destroyed. Additionally,
the amount of background detections are reduced as
well. The effect of impulsive RFI is estimated to be
> 20% in comparison with other RFIs.

4. DISCUSSION AND CONCLUSIONS

Our experiment is designed to be very similar to
the previous ones. The statistical analysis of the de-
tected events by randomizing the spectral channels
using the data from GRB observations shows that
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the number of false positives due to thermal noise
fluctuations and RFT is less than the number of can-
didates. The reduced number of false positives is due
to preservation of the properties of thermal noise fluc-
tuations, narrow and wide band RFI while the impul-
sive RFI spanning over multiple frequency channels
are destroyed.

Following the statistical analysis of detection de-
scribed by Palaniswamy et al. (2014), the probability
for detecting events > S, is given by:

P(S > Sinprz) = (PZ2EI2) 0 ()
0
where a, = 2.5, Sp = 0.189]Jy is the low flux den-
sity cutoff. The flux density as a function of spectral
index is described by a power-law:

Vwis )5r
VB12

2)

where « is the S/N ratio threshold for detecting an
event, o is the sensitivity of the telescope at time
resolution of 25 ms, and v is the observing frequency.
Thus, the joint probability distributions for low and
high frequencies are derived, which are depicted in
dashed and dash-dotted lines in Fig. 2, respectively.
The solid line describes the total probability for the
results of Bannister et al. (2012) and ours. Two
cases of two and one events detected by Bannis-
ter et al. (2012) are presented in the top and bot-
tom panels of Fig. 2. The parameters of the other
GRB experiments are obtained from the references
in Palaniswamy et al. (2014). The probability for de-
tecting one event is larger than that for detecting two
events. Our results are consistent with Palaniswamy
et al. (2014) in that two FRBs from GRBs are un-
likely to be astrophysical. Furthermore, the FRBs
with spectral index 8, < —2 are easier to be detected
at low frequencies, while the FRBs with spectral in-
dex (. > —0.5 are easier to be detected at high fre-
quencies. The radio spectral indices for the events
are constrained to be —2 < 3, < —0.5 under the con-
dition that the events detected by Bannister et al.
(2012) are real.

The simplest conclusion is that no FRB in associa-
tion with the three GRBs is detected at the sensitivity
of the YNAO 40-m radio telescope. The conservative
upper limits for the radio flux density measured at
Earth are estimated to be 2.5 Jy for GRB140512A
with time resolution of 1 ms and 8.0 Jy for GRBs
140629A and 140703A with sampling time of 0.1 ms,
taking into account the various antenna system cur-
rently in use.

The absence of characteristic signatures of an as-
tronomical signal > 5o, can be argued as follows.

Smin,B12 = aB120B12(

(1) The radiated short duration radio pulses may be
absorbed by the GRB blast wave in front of the
emission region (Zhang 2014).

(2) The FRBs are proposed to be produced when
a spinning supermassive neutron star loses the
centrifugal support and collapses into a black
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Table 2: A summary of the statistical analysis performed on all the GRB data sets. From left to right, the columns
are: the source name, the actual number of events detected above 5o, the expected number of events above 5o due
to thermal noise fluctuations, the sensitivity of the telescope.

GRB Name  Ny(I >50) Ng(I >50) Sensitivity (Jy)
GRB120512A 1581566 1263286 2.5
GRB140629A 8106047 5298069 8.0
GRB140703A 4043891 2909274 8.0
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Fig. 1: Example diagnositc plot that illustrates the distribution of detected events > 5o for GRB140512A at 2256

MHz.

Top panel: The DM values for all events with S/N > 50 plotted against time.

The size of circles are

proportional to the S/N of the events. Lower left panel: distribution of the DM for detected events. Lower middle
panel: distribution of the S/N for detected events. Lower right panel: scatter plot of the DM and S/N. No signatures

of astronomical signal are detected with S/N > 50.

hole. The implosions can happen in supermas-
sive neutron stars shortly after their births from
hundreds to thousands of seconds. Within the
framework, some GRBs may have generated an
FRB 102 — 10* s after the GRB trigger. The
radio bursts are out the period of our observa-
tions as the time separation between radio and
~-ray emission are unlikely too large, the arrival
times of the radio pulses should coincide with the
breaks in the GRBs X-ray light curves (Zhang
2014).

The flux densities of the FRBs during our ob-
servations are below the sensitivity of our radio
telescope, which is similar to the non-detection
of radio pulses in previous surveys (Koranyi et al.
1995, Dessenne et al. 1996, Katz et al. 2003).
Recently, Cordes & Wasserman argued that the
FRBs could originate from extragalactic neutron
stars, which have no physical association with
GRBs.

The spectral indices are flatter with values larger
than —0.5, which are easier detected at higher
frequencies.

(6) Only a fraction of GRBs emit radio pulses
(Zhang 2014). Most FRBs are not supposed to
be associated with GRBs, because not all GRBs
originate from supermassive millisecond magne-
tars as the central engine.
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A SEARCH FOR FRBS ASSOCIATED WITH GRBS USING THE YNAO 40-M RADIO TELESCOPE
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IIpemxodno caonwmemne

W3BemraBamo o pesyararuma mperpare 6p3mx
pammo-6meckosa (Fast Radio Bursts, FRB) wu3
Tpu rama Omecka (Gamma-ray bursts, GRB) na
2256 MHz ropucrehu 40-merapcku paauo-Te-
meckon Ha ACTpPOHOMCEKOj omcepaTopuju JyHaH
(YAO). ITorpara 3a curzajguMa UHUIIPAHA je 1e-
rekuujama uactpymenta BAT (Burst Alert Tele-
scope), kKoju ce Hajasu Ha careautTy Swift. ITo-
jeIMHAYHU PAIUO-UMIYJICU CY TPaKeHu y IO-
ManyMa, IPEKO BEJUKOT OIlCera Mepe AUCIep3u-
je, om 0 mo 5000 pc/cm?, ca wopakom om 50

pc/cm®. Emucuje ciauune 6p3uM paamo-65ecKo-
BUMa HHUCY 3abenekeHe y WMHWNU]AIJIHO] a3y ra-
Ma-06/peckoBa ca 3nauvajuomhy Behiom ox 5 0. Ako
noctoje 6p3u paauo-0/HECKOBU TOBE3AHU CA TaMa-
OJ/beCKOBUMA, IIOCTABJHAMO TOPEY TDAHUILY TIyC-
THHe (iIykca paauo-mMmyiaca onxn 2.5 Jy 3a
GRB140512A i 8.0 Jy 3a GRB 140629A u 140703A,
ropucrehu ocermuBocT Tesneckona. CrarucTuyka
aHAJIM3a IONATaKa O raMa-0J/peCKOBUMA IOKa3yje
na cy morabaju meTeKTOBAHU M3HAL O 0 Y CKIAILY
ca (IyKTyanujaMa TepMaJIHOT IIyMa.
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