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A B S T R A C T 

We report five new fast radio bursts (FRBs) disco v ered from the Galactic Plane Pulsar Snapshot (GPPS) surv e y by the Five- 
hundred-meter Aperture Spherical radio Telescope (FAST): FRB 20210126, FRB 20210208, FRB 20210705, FRB 20211005, 
and FRB 20220306. To date, no repeating bursts from these FRB sources have been detected in the follow-up monitoring 

observations, leading to their classification as potential one-off events. We obtain the basic parameters for these bursts, including 

position, dispersion measure, pulse width, spectral index, scattering time-scale, etc. The fluences and flux densities are generally 

lower in comparison to the values observed in one-off bursts disco v ered by other telescopes. Among the observed bursts, 
polarization data for four bursts were recorded during observations. Consequently, we obtain polarization profiles and Faraday 

rotation measures for these bursts. 

Key w ords: f ast radio bursts – surv e ys. 

1

S  

e  

m
a  

C  

r
(
a  

I
a
t
b
l
b
d

p  

t
o

�

1

H
n
F
2  

(  

c  

(  

m  

G

t
u  

t  

t
N  

r  

t  

t  

p  

o
fl

©
P

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/526/2/2657/7271802 by N
ational Astronom

ical O
bservatory user on 02 April 2025
 I N T RO D U C T I O N  

ince the disco v ery of the first fast radio burst (FRB) by Lorimer
t al. ( 2007 ), hundreds of FRBs have been reported, 1 with the
ajority being one-off events (CHIME/FRB Collaboration 2021 ), 

nd a few dozen are repeaters (Spitler et al. 2016 ; CHIME/FRB
ollaboration 2019 , 2023 ; Fonseca et al. 2020 ). Notable among the

epeaters are FRB 20121102A, which was the first repeater identified 
Spitler et al. 2016 ), and FRB 20201124A, which displays heightened 
ctivity during specific episodes (Xu et al. 2022 ; Zhou et al. 2022 ).
nterferometric observations enable good localization of repeaters, 
llowing for precise identification of its host galaxy. It is important 
o note that all FRBs originate in extragalactic sources, as evidenced 
y their dispersion measures (DMs) greatly exceeding the DM upper 
imits associated with the Milky Way. One-off sources, characterized 
y a single detected pulse, pose challenges in terms of positional 
etermination and follow-up investigations of their source properties. 
In contrast to pulsars that are predominantly found in the Galactic 

lane, FRBs are typically disco v ered in an isotropic manner across
he celestial sphere, depending upon the observable sky regions 
f the telescopes utilized. An in-depth analysis of the Canadian 
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ydrogen Intensity Mapping Experiment (CHIME) data set reveals 
o discernible evidence for a correlation between the distribution of 
RBs and the latitude of the Galaxy (CHIME/FRB Collaboration 
021 ; Josephy et al. 2021 ). FRBs identified at low Galactic latitudes
 | b | ≤ 10 ◦) have been identified through a single-pulse search
onducted on data from pulsar surv e ys around the Galactic plane
Burke-Spolaor & Bannister 2014 ; Petroff et al. 2014 ). As of now,
ore than 80 one-off FRB sources have been detected in the low
alactic latitude region. 
Though the emission mechanism of FRBs is not known yet, 

heir cosmological origin is indicated by their large DMs. To 
nrav el their enigma, sensitiv e observations are ob viously necessary
o disco v er more bursts and measure their properties. Currently,
he Five-hundred-meter Aperture Spherical radio Telescope (FAST; 
an 2006 ; Nan et al. 2011 ), equipped with the 19-beam L-band

eceiver (Jiang et al. 2020 ), is the most sensitive single-dish radio
elescope at the L-band. It has been judiciously used to reveal
he detailed properties of se veral repeaters. Distinct v ariations in
olarization angle curves for bursts have been detected in the case
f FRB 20180301A (Luo et al. 2020b ), while strikingly unexpected 
uctuations in Faraday rotation measures (RMs) have been unveiled 
rom FRB 20201124A (Xu et al. 2022 ). A large number of bursts
ave been detected from both FRB 20121102A (Li et al. 2021 ) and
RB 20201124A (Xu et al. 2022 ; Zhou et al. 2022 ). The latter source
as undergone e xhaustiv e analyses of burst morphologies (Zhou 
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Table 1. FAST observation sessions for five newly disco v ered FRBs. 

Name Date MJD T obs Burst no. 
(yyyy-mm-dd) (min) 

FRB 20210126 2021-01-26 59240 15 1 
(J1905 + 0941) 2022-06-07 59737 30 0 

2022-05-29 59728 15 0 
2022-08-24 59815 40 0 
2022-12-10 59923 20 0 
2023-01-05 59949 40 0 
2023-01-17 59961 40 0 
2023-04-08 60042 40 0 
2023-04-22 60056 40 0 

FRB 20210208 2021-02-08 59253 5 1 
(J1902 + 1324) 2021-08-26 59452 15 0 

2021-09-03 59460 30 0 
2021-10-18 59505 60 0 
2022-08-24 59815 40 0 
2023-01-17 59961 40 0 
2023-04-08 60042 40 0 
2023-04-22 60056 40 0 

FRB 20210705 2021-07-05 59400 5 1 
(J2012 + 3858) 2021-08-26 59452 15 0 

2021-09-03 59460 30 0 
2021-10-18 59505 60 0 
2022-10-22 59874 40 0 
2023-01-05 59949 40 0 
2023-01-17 59961 40 0 
2023-04-08 60042 40 0 
2023-04-22 60056 40 0 

FRB 20211005 2021-10-05 59492 15 1 
(J1945 + 2407) 2022-04-06 59675 60 0 

2022-04-09 59678 60 0 
2022-06-27 59757 60 0 
2022-11-04 59887 40 0 
2023-01-05 59949 40 0 
2023-01-17 59961 40 0 
2023-04-08 60042 40 0 
2023-04-22 60056 40 0 

FRB 20220306 2022-03-06 59644 15 1 
(J1946 + 2259) 2022-11-09 59892 15 0 

2023-02-04 59979 60 0 
2023-02-10 59985 60 0 
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t al. 2022 ), energy distribution (Zhang et al. 2022 ), polarization
roperties (Jiang et al. 2022 ), and even spin period exploration (Niu
t al. 2022a ). 

Among the numerous sources where only a single burst has
een detected, approximately a dozen have had their polarization
ata recorded during the disco v ery sessions. These data unv eil the
olarization properties and RMs of these sources. Typically, these
RBs exhibit RMs of several hundred rad m 

−2 . The degree of circular
olarization is generally less than 30 per cent, and the degree of linear
olarization varies from 0 per cent to nearly 100 per cent. 
Undoubtedly, the detection capability of faint FRBs at greater

istances is notably enhanced by the employment of a sensi-
ive single-dish telescope endowed with a larger aperture (Zhang
018 ). Recently, the Commensal Radio Astronomy FAST Surv e y
CRAFTS) has disco v ered four faint and distant one-off FRBs (Zhu
t al. 2020 ; Niu et al. 2021 ) and an active repeater (Niu et al.
022b ). These results highlight the capability of FAST to find new
RBs. 
In this paper, we present the disco v ery of five FRBs, as detailed

n Table 1 . These FRBs were detected as part of the FAST Galactic
lane Pulsar Snapshot (GPPS) surv e y 2 (Han et al. 2021 ). The primary
bjective of the GPPS survey is to hunt for pulsars within the
alactic latitude range of | b | ≤ 10 ◦ in the observable sky region
f the FAST telescope. The surv e y has already disco v ered o v er 600
aint pulsars (Han et al. 2021 ; Zhou et al. 2023 ). In Section 2 , we
riefly introduce the observations and data processing. In Section 3 ,
e present results for the five newly discovered FRBs. Finally, the
iscussion is presented in Section 4 . 

 T H E  GPPS  SURV EY,  FOLLOW-UP  

B SERVATIONS,  A N D  DATA  PROCESSING  

he FAST GPPS surv e y (see details in Han et al. 2021 ) observes
he sky region near the Galactic plane by using the L-band 19-beam
eceiver that covers the frequency range of 1000–1500 MHz (Jiang
t al. 2020 ). The system temperature of the receiver is around 22 K.
or each of the 19 beams with a beam size of approximately 3 arcmin,
ata from 2048 frequency channels within this frequency range are
ecorded, with a sampling time of 49.152 μs. All observations are
arried out within the zenith angles smaller than 28 . ◦5 so that the
ull gain of the FAST telescope is obtained from a full illumination
rea of 300 m in diameter from the primary reflector (Nan 2006 ). The
urv e y employs the snapshot mode within which the 19 beams with a
eparation of about 6 arcmin are well organized by four pointings so
hat successively shifts of 19 beams can fully co v er a he xagonal sk y
egion of 0.1575 deg 2 . Each pointing lasts for 5 min for integration.

Subsequent to the initial detection of new pulsars or single
ulses from any novel sources, follow-up tracking observations
re commonly conducted to validate the findings. These tracking
bservations typically take 15 min. In specific instances within
AST projects, such as those focused on investigating rotating radio
ransients or FRBs, significantly longer observation times are taken.
uring these observation sessions, the central beam of the L-band
9-beam receiver is aligned with the initial detection coordinates.
omprehensive polarization data, including XX, X 

∗Y, XY 

∗, and YY,
re recorded from all 19 beams. 

In the data processing stage of the FAST GPPS surv e y, the XX
nd YY data undergo scaling based on the root mean square (rms)
f each channel. At the two edges of the observation band, the
NRAS 526, 2657–2664 (2023) 

 http:// zmtt.bao.ac.cn/ GPPS/ 

1  

p  

i  
eceiver gain decreases significantly, and hence data of 128 channels
31.25 MHz) on each side are discarded. These scaled data sets are
hen combined to create a new FITS file in the ‘data1j’ repository
edicated to pulsar searching, as detailed by Han et al. ( 2021 ). For
ransient sources, we hav e dev eloped the no v el source code that
acilitates rapid incoherent dedispersion. This code generates DM–
ime images utilizing graphics processing units (GPUs), spanning the
M range of 3–3700 pc cm 

−3 , with a DM step size of 1 pc cm 

−3 . To
ptimize computational efficiency and enhance detection sensitivity
or single pulses with a pulse width typically exceeding 1 ms, the
ata are downsampled from 49.152 μs to 4 × 49.152 μs =
96.608 μs. Ho we ver, it is important to note that the combination of
ownsampling and the dispersion step size renders the single-pulse
earch method less attuned to narrow pulses lasting less than 1 ms.
ee details in the GPPS Paper II (Zhou et al. 2023 ). 
Utilizing data from the FAST GPPS surv e y and other FAST PI

rojects obtained by the 19-beam L-band receivers, data of a total of
7 747 beam hours are accessible for the purpose of FRB finding, as
resented here. The FRBs can be recognized as distinctive features
n the DM–time images using the YOLO object detection technology

http://zmtt.bao.ac.cn/GPPS/
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Figure 1. The dynamic spectra for five FRBs discovered in the FAST GPPS survey are shown in the upper subpanel, and the averaged pulse profile in the 
bottom subpanel. The FRB names and pulse width in millisecond (ms) are marked on the left, and the DM and the total fluence are on the right. 
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eveloped in the DARKNET 3 neural netw ork framew ork; see Zhou 
t al. ( 2023 ) for details. Within such a large data set, we successfully
etected five FRBs. Among these, two FRBs were detected during 
he snapshot surv e y observations with a 5-min pointing duration. The
emaining three FRBs were identified from the follow-up verification 
racking observations with a duration of 15 min. Table 1 provides 
etails on the disco v ery observations for these FRBs and also specific
ollo w-up observ ations. 

 T H E  PROPERTIES  O F  FIVE  FRBS  

ig. 1 presents the dynamic spectra and inte grated frequenc y profiles
ertaining to the five newly discovered FRBs. Following the initial 
etection of a burst, a sequence of follo w-up observ ations was
onducted, the specifics of which are comprehensively outlined in 
able 1 . No additional bursts were detected during these follow-up 
bservation sessions, suggesting that these FRBs are likely either 
ne-of f e vents, or alternati v ely, from repeaters characterized by v ery
ow repetition rates. 

The utilization of a multiple-beam receiver facilitates the deter- 
ination of positions for FRBs. The beam size is about 3 arcmin in

iameter for the FAST L-band 19-beam receiver, and the separation 
 https:// pjreddie.com/ darknet/ 

t  

o
a

etween adjacent beams is approximately 6 arcmin. Given that a burst 
s detected within a singular beam, the beam centre is taken as the
osition of an FRB with a formal uncertainty of σ pos ∼ 1.5 arcmin,
.e. the half of the beam size. Such a one-off burst was detected in
ne, not in the other beam 6 arcmin away. If it were located at 2 σ pos 

w ay, it w ould be detected by other beams of the L-band 19-beam
eceiver. 

A comprehensive analysis of the five FRBs has been conducted, 
ielding fundamental parameters in Table 2 . Detailed analysis and 
iscussions are presented in the following. 

.1 DMs 

o extract the optimal DM for each burst, we follow the approach
utlined by Zhu et al. ( 2020 ). Initially, in the vicinity of the initial
etection time and DM associated with an FRB, we construct a two-
imensional representation depicting the variation of integrated pulse 
nergy concerning both time and DM. This representation is obtained 
hrough the squared Gaussian-smoothed profile. Subsequently, we 
erform an integration of the pulse energy o v er a narrow time
nterv al to deri ve the deri v ati ve concerning time. Finally, by fitting
he resulting peak, we ascertain the DM value that yields the highest
ptimization for each burst. The degree of uncertainty is established 
t half of the value obtained from the fitting of the peak. 
MNRAS 526, 2657–2664 (2023) 
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Table 2. Basic parameters of the newly disco v ered FRBs in the FAST GPPS surv e y. 

Name FRB 20210126 FRB 20210208 FRB 20210705 FRB 20211005 FRB 20220306 
(J1905 + 0941) (J1902 + 1324) (J2012 + 3858) (J1945 + 2407) (J1946 + 2259) 

T obs (min) 280 270 310 355 150 
RA ( h : m : s ) a 19:05:37.1 19:02:49.3 20:12:26.8 19:45:22.4 19:46:45.0 
Dec. ( ◦: ′ : ′′ ) a + 09:41:05 + 13:24:53 + 38:58:29 + 24:07:56 + 22:59:14 
Galactic: l ( ◦) 43.1595 46.1672 76.0306 60.3770 59.5450 
Galactic: b ( ◦) 1.2870 3.6008 2.7112 −0.1694 −1.0170 
T sys (K) 29.0 26.7 28.1 29.5 28.5 
DM (pc cm 

−3 ) 1990.4 ± 2.8 1448.4 ± 0.7 2011.6 ± 3.2 2765.2 ± 1.9 1273.9 ± 0.9 
DM MW 

(pc cm 

−3 ) b 724/717 432/425 484/334 528/512 454/505 
DM E (pc cm 

−3 ) b 1266/1273 1016/1023 1528/1678 2237/2253 820/769 
TOA (MJD) c 59240.145608646 59253.114591878 59400.809573843 59492.509062134 59644.118164808 
W obs (ms) 10.8 ± 0.8 2.4 ± 0.1 10.9 ± 0.8 5.7 ± 0.8 4.2 ± 0.4 
Intrinsic W 1 GHz (ms) 9 . 2 + 6 . 7 −5 . 2 3 . 6 + 0 . 3 −0 . 3 22 . 7 + 7 . 8 −8 . 2 5 . 1 + 3 . 8 −2 . 6 3 . 5 + 0 . 9 −0 . 8 
Scattering τ1 GHz (ms) 8 ± 2 1.3 ± 0.1 12 ± 2 3 ± 1 2.9 ± 0.5 
Width-evolving index β −2 . 5 + 3 . 2 −1 . 8 −2 . 0 + 0 . 3 −0 . 3 −4 . 0 + 1 . 3 −0 . 7 −1 . 5 + 1 . 6 −1 . 6 −3 . 8 + 1 . 4 −0 . 8 
Peak flux density S peak (mJy) 19.3 ± 2.8 103.8 ± 5.7 23.3 ± 2.1 29.0 ± 2.2 33.3 ± 3.0 
Fluence F ν (mJy ms) 83.8 ± 6.2 167.8 ± 3.2 157.7 ± 6.6 115.6 ± 5.8 78.7 ± 3.8 
Spectral index α −6.1 ± 3.5 −2.2 ± 0.1 2.0 ± 0.6 −0.7 ± 0.7 −6.9 ± 1.1 
L / I (per cent) – 12.0 ± 2.9 61.1 ± 9.0 76.6 ± 7.2 74.8 ± 6.4 
V / I (per cent) – 6.9 ± 3.4 −6.6 ± 5.5 −11.7 ± 5.0 −17.1 ± 5.9 
| V | / I (per cent) – 5.8 ± 1.5 5.2 ± 1.5 10.1 ± 2.1 16.8 ± 3.1 
RM (rad m 

−2 ) – 405 ± 6 −407 ± 8 −1739 ± 4 86 ± 6 
RM E (rad m 

−2 ) – −144 ± 72 −260 ± 61 −1661 ± 30 146 ± 30 

Note. a The position has an uncertainty of 1.5 arcmin. b Two values were estimated, respectively, by using the two models for the Galactic electron density 
distribution: NE2001/YMW16. c The barycentric peak time at infinite frequency. 

Figure 2. The DMs of these five FRBs remarkably exceed the DM upper 
limit of the Milky Way predicted by the electronic distribution models for the 
Milky Way, namely NE2001 (dashed line) and/or YMW2016 (dotted line; 
Cordes & Lazio 2002 ; Yao et al. 2017 ). 
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The observed DMs for the five FRBs are outlined in Table 2 . A

omparison is made between these observed DMs and the maximum
Ms predicted by the electronic distribution in the Milky Way under

wo models, namely the NE2001 and YMW2016 models (Cordes &
azio 2002 ; Yao, Manchester & Wang 2017 ). This comparison is

llustrated in Fig. 2 . Though the electronic distribution models might
ack precision, particularly in regions with low Galactic latitudes,
ausing large uncertainties in these lines of sight, the observed DMs
f the five FRBs remarkably surpass the predicted maximum DMs
ssociated with the Milky Way, implying the extragalactic origin for
NRAS 526, 2657–2664 (2023) 
hese bursts. The excess DM (DM E ) can be reasonably attributed to
xtragalactic contribution, including the contributions from the host
alaxy and intergalactic medium. 

Out of the observed FRBs, FRB 20211005 exhibits the most con-
iderable excess DM, reaching up to DM E ∼ 2237 or 2253 pc cm 

−3 .
n approach to estimating the redshift ( z) involves assuming that the

xcess DM originates from both the intergalactic medium and the
ost galaxy, the latter of which could potentially contribute as much
s our own Milky Way. In this context, the estimation of z can be
ccomplished using the formula provided by (Deng & Zhang 2014 ) 

M IGM 

= 

3 cH 0 �b f IGM 

8 πGm p 

∫ z 

0 

χ ( z)(1 + z) d z 

[ �m 

(1 + z) 3 + �
 

] 
1 
2 

, (1) 

here the free electron number per baryon in the universe, denoted
s χ ( z), is approximately 7/8. Additionally, the fraction of baryons in
he intergalactic medium is around f IGM 

∼ 0.83, as indicated by other
arameters provided in the work of Planck Collaboration VI ( 2020 ).
f we exclude the contribution from the host galaxy (DM host ) that is
ssumed to be the same as that from our Galaxy, we can estimate
hat the intergalactic medium contributes a dispersion measure of
M IGM 

= 1709 or 1741 pc cm 

−3 . Consequently, we derive that the
edshift z of the FRB 20211005 event is approximately 1.94 or 2.00.

.2 Time of arri v al 

sing the optimal DM value determined early, we dedisperse the
ulse, resulting in the integrated profile over the observing frequency
and. The time of arri v al (TOA) for each burst is defined as the time
f emission peak at an infinite frequency by considering the best-
tting DM. Subsequently, these TOA values are converted to the
olar barycentric peak time using the DE438 ephemeris, as listed in
able 2 . Note here that the small uncertainties in both the DM and

he source position might introduce a minor deviation from the true
OA value. 
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Figure 3. Basic parameters for FRBs disco v ered by FAST in the GPPS 
surv e y (solid star) and the CRAFTS (hollow star; Zhu et al. 2020 ; Niu et al. 
2021 ) and for other known one-off events (cross) detected above 400 MHz, 
mostly by CHIME/FRB Collaboration ( 2021 ). The DM E is estimated by 
using the YMW2016 model (Yao et al. 2017 ). 
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.3 Pulse width and scattering 

o determine the pulse width, a method involving the application of
oxcar filters with differing widths to the pulse profile is employed. 
his procedure generates a graph that plots the maximum value of

he matched-filtered profile against the width of the boxcar filter. 
he observed pulse width ( W obs ) is represented by the peak of this
raph, with an uncertainty equi v alent to one data bin size that is
96.608 μs here. Furthermore, the signal-to-noise ratio (S/N) of the 
ulse is computed by dividing the peak value of this graph by the
tandard deviation ( σ ) of the adjacent off-pulse region, as outlined 
n the work by Zhou et al. ( 2023 ). 

The lower frequency trailing features are observed in some of 
he burst profiles, consistent with the characteristic signature of 
cattering. To estimate the scattering time, we adopt a one-component 
aussian function as the inherent shape of each burst. We allow 

he width of this Gaussian function to vary with the frequency 
ollowing the relationship W ν = W 1 GHz ν

β , where W 1 GHz represents 
he intrinsic pulse width at 1 GHz and β is the e xponent inde x that
haracterizes how the scattered pulse changes with frequency. In 
rder to model the observed pulse profile, we use the convolution of
 thin-screen pulse broadening function H ( t) e −t/τ (Cronyn 1970 ).
e concurrently fit for the scattering times ( τ ) of different subbands

tilizing the relationship τν = τ1 GHz ν
−4 . 0 (e.g. Nice et al. 2013 ). 

his fitting process is performed using the EMCEEPYTHON package, 
hich relies on the Markov chain Monte Carlo (MCMC) method 

F oreman-Macke y et al. 2013 ). The resulting parameters, including 
he intrinsic pulse width W 1 GHz , scattering times τ 1 GHz , and the 
ulse-width-evolving index β, are presented in Table 2 . 
Trailing features in the profiles might also arise from unresolved 

omponents, and it is plausible that the intrinsic evolution of the pulse
rofile with frequency could contribute to this effect. In Appendix A ,
e explore the frequency dependency of the pulse width and pulse 

nergy. 

.4 Peak flux density and fluence 

he flux density of each bin, denoted as S i (measured in mJy), within
he burst profile can be approximately calibrated using the standard 
eviation ( σ ) of the dedispersed data. This relationship is connected 
o the system noise as outlined in the work by Zhou et al. ( 2023 ): 

= 

T sys × 10 3 

G 0 
√ 

n p t bin BW 

, (2) 

ere T sys denotes the system noise temperature of 22 K. The 
f fecti ve gain of the telescope, G 0 = 16.1 K Jy −1 , is also defined
y Jiang et al. ( 2020 ). The term n p = 2 represents the number
f polarization channels summed, t bin denotes the sampling time 
f the dedispersed data that is 196.608 μs, and BW corresponds
o the emission frequency bandwidth (in MHz). These FRBs have 
road-band radiation in general, and therefore we take the emission 
andwidth as being the observation bandwidth of 437.5 MHz (i.e. 
00 MHz subtracting the two band edges). Note that the energy at
ow frequencies of FRB 20210705 have been scattered, and we have 
o take the data of the upper half for calculation. No emission is
etected from FRB 20210126 at high frequencies, possibly due to a 
ery steep spectrum, and we have to take data of the lower half of
he band. For these two FRBs, we take the bandwidth of 300 MHz
n calculation. The results on flux density are listed in Table 2 . 

The fluence F ν of a burst, measured in units of mJy ms at
he central frequency ν = 1 . 25 GHz (except for ν = 1 . 15 GHz for
RB 20210126 and ν = 1 . 35 GHz for FRB 20210705), is deter-
ined by integrating the previously defined flux density S i over 
he sampling time t bin (measured in ms). Mathematically, it can be
xpressed as F ν = 

∑ 

S i t bin . The uncertainties associated with the
uence and the peak flux density S peak are calculated using the off-
ulse noise as a reference. The results for fluence are listed in 
able 2 . 
We perform comparisons in Fig. 3 between the DM, S peak , F ν , W obs ,

nd DM E of one-off FRBs detected by FAST and those detected by
ther telescopes (e.g., CHIME/FRB Collaboration 2021 ). Data from 

ther telescopes are obtained from the FRB catalogue website (see 
ootnote 1). The FRBs discovered by FAST exhibit lower S peak and
 ν v alues. Ho we v er, the y display larger DM and DM E in comparison

o FRBs disco v ered by other telescopes. 
In Appendix A , we compute the spectral index of a burst using the

tted fluences at various subbands. The spectral index is expressed 
s a function of F ν = F 1 GHz ( ν/1 GHz) α , where α is the spectral
nde x deriv ed from the observ ed emission. The calculated spectral
ndex values are listed in Table 2 . 
MNRAS 526, 2657–2664 (2023) 
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M

Figure 4. Polarization profiles of four FRBs disco v ered in the FAST GPPS surv e y. The top subpanel is the polarization position angles versus time. The bottom 

subpanel shows the profiles of the Stokes I (solid line), linear polarization L (dashed line), and circular polarization (Stokes V , dotted line). The FRB name and 
central observation frequency are labelled. 
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.5 Polarization 

ithin the GPPS project, polarization data are typically collected
uring the follow-up FAST verification observations. When a previ-
usly known pulsar is located in a GPPS surv e y field, polarization
ata are also recorded in the surv e y observations. F ortunately, among
he five FRBs being studied, two of them have their polarization data
ecorded during the GPPS surv e y observations, and the other two
ave their polarization data acquired during the GPPS follow-up
racking observations. The resulting polarization profiles are shown
n Fig. 4 . 

Based on detected linear polarization, the RMs of the four FRBs
re also determined. These RMs encompass contributions from the
ilky Way (RM MW 

), the intergalactic medium (RM IGM 

), and the
ost galaxy (RM host ). The contribution of the Galactic RM can be
stimated by calculating the median RM of the nearest 20 background
xtragalactic radio sources (Xu & Han 2014a ). After the RM fore-
round from the Milky Way is discounted, the left is the extragalactic
araday RMs of the FRBs, RM E , which include the contributions
rom the host galaxy and the intergalactic medium. In general, the
Ms from the intergalactic medium are small (Xu & Han 2014b ,
022 ; Carretti et al. 2022 ), and such a large RM E probably should
e attributed to the host galaxy. No doubt that DM E probably mostly
omes from the intergalactic medium, then the DM E can be taken as
he upper limit of the contribution from the host galaxy, then the lower
imit of magnetic field along the line of sight in the host galaxy could
NRAS 526, 2657–2664 (2023) 

r  
e 〈 B 〉 E = 1.232 × RM E /DM E . Particularly, FRB 20211005 exhibits
he highest absolute RM of 1739 ± 4 rad m 

−2 and an RM E of 1661 ±
0 rad m 

−2 , which may indicate a complex environment in the host 
alaxy. 

 DI SCUSSI ON  

rom the FAST GPPS surv e y data, we have successfully discovered
ve new FRBs, adding to the five previously FAST-discovered
RBs reported by the CRAFTS project (Zhu et al. 2020 ; Niu
t al. 2021 , 2022b ). This brings the total count of FRBs disco v ered
y FAST to 10. Considering the accumulated observation time
f 17 747 beam hours and taking into account the FAST 19-
eam L-band receiver with a beam size of 3 arcmin, one can
ompute the FRB detection rate within the GPPS surv e y. At the
5 per cent confidence level, the detection rate is approximately
 . 3 + 5 . 2 

−3 . 0 × 10 −3 h −1 , as per the method presented by Gehrels ( 1986 ).
omparatively, this rate is slightly higher than the FRB detection

ate of 3 . 0 + 3 . 3 
−2 . 0 × 10 −3 h −1 reported by the CRAFTS project (Zhu

t al. 2020 ; Niu et al. 2021 , 2022b ), and also surpasses the pre-
ious estimate of 2 . 5 + 7 . 9 

−2 . 3 × 10 −3 h −1 by Luo et al. ( 2020a ). The
esults suggest that FAST may detect more FRBs than previously
nticipated, though the rates are consistent with each other within 
ncertainties. 
As illustrated in Fig. 3 , the FRBs detected by the FAST exhibit

emarkably low peak flux densities and fluences. Ho we v er, the y



Five FRBs discovered in the FAST GPPS survey 2663 

d
a
a
r
M

 

f  

i  

u
h
m
F

A

T
a  

p  

s
O
b
1
C
D  

P
a
b
a
P  

i
(
i
T

D

O
t
t

R

B
C
C
C
C

C
C
D

F
F  

G
H
J
J
J
L
L  

L  

L
N
N
N
N
N
N
P
P
S
X
X
X
X
Y
Z
Z
Z
Z
Z

A
A

W
e  

t
 

r  

a
t  

t  

t

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/526/2/2657/7271802 by N
ational Astronom

ical O
bservatory us
isplay substantial DMs, along with pronounced DM E values on 
 broader scale. The derived parameters from our comprehensive 
nalysis of these five FRBs, which have been discovered within 
egions of low Galactic latitude, offer valuable constraints for our 

ilky Way. 
In addition, our FRB searching in an extended range of DMs

rom 3600 to 10 000 pc cm 

−3 (also with a step of 1.0 pc cm 

−3 ) also
ndicates a lack of positive outcomes. This absence of results can be
nderstood since larger DMs generally indicate higher redshifts and 
ence correspondingly increased cosmological distances, as well as 
uch enhenced scattering within the frequency band observed by 
 AST . 
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PPENDI X  A :  E VO L U T I O N  O F  PULSE  W I D T H  

N D  SPECTRA  WI TH  F R E QU E N C Y  

e investigate the frequency evolution of pulse width and pulse 
nergy by fitting the pulse width and fluence against frequency by
he MCMC. 

First of all, we get the subband profiles and fit the profiles to get the
esults as shown in Fig. A1 for each FRB. The pulse width (full width
t half-maximum, FWHM) of each subband profile is estimated from 

he fitted profiles. Second, we fit the pulse width with the scattering
ime-scale τν = τ1 GHz ν

−4 . 0 in the MCMC for each FRB. We also fit
he pulse energy for the spectral index. 
MNRAS 526, 2657–2664 (2023) 
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Figure A1. For each FRB, the upper panel shows the observed subband profiles and their fitted results by the MCMC, with the fitted subband scattering time-scale 
marked on the right. In the subpanel (a) of the lower panel the observed subband fluences (with error bars) evolve with frequency, and are fitted by equation F ν = 

F 1 GHz ( ν/1 GHz) α . In the subpanel (b), the pulse widths of subbands (with error bars) are fitted by the MCMC, with the scattering time-scale τ ( ν) = τ 1 GHz ν
−4 . 
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