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Abstract
Stephan's Quintet (SQ) is unique among compact groups of galaxies because of a very rare event currently occurring to it: a high velocity (~1000 km/s)
intruder is colliding into a debris �eld in the intragroup medium (IGM) ^1. The debris has been produced by previous interactions among other members of the
group, although the exact details and timing remains to be understood. Here we report the discovery of a very large diffuse atomic hydrogen (HI) structure
(size ~ 0.6 Mpc) revealing new clues for the early history of the group (> 1 Gyr ago). This is the largest of such structures ever found in the vicinity of a group.
Thanks to the size of the Five-hundred-meter Aperture Spherical Telescope (FAST), its exceptionally sensitive and large-format 19-beam receiver ^2, our
observations achieved the HI column density sensitivity limit of 1 sigma = 4.2 ×10^(16) cm^(-2) per channel (20 km/s) when smoothed to 4’ angular
resolution. This is one of the deepest extragalactic HI observations ever made.

Full Text
SQ was discovered as an aggregation of nebulae by Stephan in late 19th century3, long before anyone knew galaxies outside the Milky Way could exist. It is a
compact group of galaxies that is characterized by a collection of galaxies with high implied space densities, similar to those found in cluster cores4,5. As one
of the best studied compact groups, SQ has all of its atomic hydrogen (HI) gas distributed in the IGM, outside its member galaxies6, and exhibits a moderate
total star-formation-rate (SFR)7. It is believed that in SQ, galaxy-galaxy and galaxy-IGM interactions have led to the complete removal of HI gas from its
member galaxies6,20, a large-scale shocked �lament ∼ 40 kpc in length8, an IGM starburst9, and long tidal tails (> 100 kpc) with tidal dwarf candidates10. It is
a unique laboratory for studies of various processes associated with high-speed galaxy-galaxy/IGM collisions, such as the heating and cooling of warm H2

gas powered by large scale shocks 11,12, SFR quenching by turbulence in post-shock molecular gas13, and the possible transition of galaxies through the
Green Valley (the evolutionary stage between star-forming galaxies and quiescent galaxies) during the evolution of compact groups14,15.

A comprehensive understanding of the properties of SQ depends crucially on how accurately we know its interaction history, which is very complex due to the
relatively large number (> 5) of participants. Theoretical simulations have yielded inconclusive and controversial results. The �ducial model in Ref. 16 involves
a number of collisions in the last half Gyr: between the spiral galaxies NGC 7319 and NGC 7320c creating the so-called outer tail (Figure 1), between NGC
7319 and the early-type galaxy NGC 7318a creating the inner tail (Figure 1), and between the high-speed intruder NGC 7318b and the IGM producing shocks in
the gas stripped by the previous interactions. However, the hydrodynamical simulations in Ref. 17 favor a different scenario in which both the outer tail and
inner tail were triggered simultaneously by a close encounter between NGC 7320c and NGC 7319 about 0.8 Gyr ago. Although this provides a better �t to the
current positions of galaxies and tidal tails, it cannot explain the observed age difference between star formation regions and star clusters in the outer and
inner tails7. It also predicts that most gas remains inside galaxies, which contradicts the observations6. In both of the models, the role played by NGC 7317, an
early-type galaxy, has been neglected because of a lack of observed connection to any other SQ members. Recently deep optical imaging observations have
revealed a reddish, low surface brightness stellar halo surrounding SQ, which corresponds spatially very well to the diffuse X-ray halo18, especially in the area
near NGC 731719. The size (10’ = 250 kpc) and morphology of this diffuse halo is consistent with the earliest stages of formation of SQ more than a billion
years ago. It is likely that the unsatisfactory outcomes of current simulations are caused by overlooking earlier interactions, especially with NGC 7317. These
may have signi�cantly changed the conditions in member galaxies and in the IGM prior to the events that triggered the formation of the inner and outer tails.

In order to provide more insight into the early interaction history of SQ by studying the gas distribution, we carried out deep mapping observations of the 21
cm HI emission over a region of ~ 30’× 30’ centered on SQ (Figure 1) using the 19-beam receiver of Five-hundred-meter Aperture Spherical Telescope
(FAST). The HI is the least bound component of galaxies and is therefore the easiest (and hence �rst) to be stripped off and spread around during interactions.
Thus, the distribution of the very diffuse HI and its velocity �eld can provide new information about the earliest interactions, allowing better constraints to be
applied to existing or future models. The FAST observations and data reduction, including sidelobe correction, are described in Methods. As shown
illustratively in Figure 2, the �nal data cube includes 304 spectra in 20 km s-1 bins covering the velocity range of 4600 – 7600 km s-1, with an average rms of
0.16 mJy beam-1 and an average beam size of 2’.9. The mapping satis�es the Nyquist sampling criterion with beams separated by 1’.4 in the RA direction and
1’.2 in the Dec direction. The original data cube has the HI column density sensitivity of 1σ = 1.2 ×1017 cm-2 per channel, which is improved to 1σ = 4.2
×1016 cm-2 per channel when smoothed to 4’. Results of analysis of the whole data cube will be presented elsewhere. In this article we report only the discovery
of a large diffuse structure in the velocity range of 6550 – 6750 km s-1. We assume a distance of 85 Mpc for SQ.

Panel a of Figure 3 presents the integrated HI emission map in the velocity range of 6550 – 6750 km s-1 overlaid on the deep MegaCam optical color image19.
It shows an extended HI structure of ~0.6 Mpc in size, which has two parts: an extended source centered on SQ and a diffuse feature attached to the south
edge of the source. The extended source encompasses the previously detected 6600 km s-1 HI component associated with the debris �eld 6,20. Arecibo and
GBT mappings in the literature have found evidence for this component to be extended on a scale of ~ 0.2 Mpc 21,22, while our deeper FAST map shows an
even larger size with a diameter of ~ 0.4 Mpc. The diffuse feature has a characteristic column density of ~ 1018 cm-2 in an elongated and curved structure of ~
0.5 Mpc in length. It borders at the bottom of the FAST mapping and therefore may well be extended beyond the map. The faint optical halo discovered
previously19 lies inside the extended source associated with the brighter HI debris �eld, and has no spatial overlap with the newly discovered diffuse feature.
The �rst moment map in Panel b of Figure 3 shows that in the velocity �eld the diffuse feature is linked smoothly with the extended source associated with
the HI debris �eld. The two green boxes marked by characters A and B in Panel a cover the entire diffuse HI feature. The sum of all spectra in these two boxes
provides a good measure of the spectrum of the diffuse feature, which is presented in Panel c. It shows that the diffuse feature has an integrated �ux of
0.42±0.03 Jy km s-1, corresponding to a HI mass of 7.1±0.5 × 108 M⨀ which is only ~2% of the total HI gas of SQ 22. The spectrum has a �ux-density weighted

mean velocity of 6633 km s-2and a rather narrow line width of ΔV20 = 160 km s1.
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Two new detections of unresolved sources can also be found in the map presented in Panel a of Figure 3. The one near the southeast boundary is associated
with the spiral galaxy NGC 7320a, with a HI mass of 5.4± 0.2 ×108 M⨀ and a HI velocity (6702 ± 24 km s-1) consistent with the optically measured velocity of

NGC 7320a (6729 ± 59 km s-1). The other source which is in the northwest corner of the map is a 4σ detection without obvious optical counterpart, and
therefore we name it Anon 7 following the convention in the literature6,19. It has a HI velocity of 6654 ± 16 km s-1 and a HI mass of 2.2 ± 0.5 ×108 M⨀. More
discussions about these two sources are given in the on-line Methods section.

For the investigation of the physical nature of the diffuse feature we examine in Figure 4 the individual spectra in box A and box B in Figure 3a. No diffuse
stellar radiation is detected in these regions down to the limit of the deep MegaCam image. Spectra of beams with detections of S/N> 4 are marked by pink
boxes and those with detections of 3 < S/N≤4 by green boxes. There are several other beams that have low signi�cance detections with the signal-to-noise
ratios slightly lower than 3. Marked in Figure 4 are also galaxies brighter than r = 20 mag found in the SDSS photo-z catalog23, by red circles for those with
photo-z < 0.1 and orange circles for those with photo-z ≥ 0.1. None of these galaxies is in the center of a beam with signi�cant HI detection. We can rule out
with high con�dence the possibility of the diffuse feature being associated with a collection of gas-rich galaxies (even including those fainter than r = 20
mag), because it needs at least four such galaxies to cover all beams with signi�cant detections (Figure 4) and the probability that they happen to have about
the same radial velocity is extremely low.

HI clouds without stellar counterparts have been found in and around many galaxy groups/clusters 24,25,26,27. Most of them, as the authors of Ref. 28 argued,
can be explained by tidal debris of galaxy interaction involving very extended HI disks instead of “dark” or “almost dark” galaxies. Given the location and the
velocity (6633 km s-1) of the diffuse feature, it is likely to be related to the debris �eld produced by past interactions involving the core members of SQ, NGC
7319, NGC 7318a, NGC 7317, and NGC 7320c (with v = 6764, 6630, 6599 and 6583 km s-1 respectively). NGC 7320a (v = 6702 km s-1), ~ 300 kpc away from
the SQ center, may also belong to this interaction system. A hypothetical scenario for the formation of the diffuse feature is that NGC 7320a passed through
the SQ center ~ 1.5 Gyr ago (assuming a relative transverse velocity of 200 km s-1) and pulled out a tidal tail which developed into the diffuse feature by now.
The fact that the diffuse feature is pointed away from NGC 7320a may be explained by some projection effects. Another possibility is that, like the large Leo
Ring (D ~ 0.25 Mpc)29, the diffuse feature can be the product of a high-speed head-on collision between an old intruder and one of the galaxies in the SQ core
system. In this scenario, the collision triggers an expanding density wave which pushes gas in an extended HI disk of the target galaxy outward to form a very
large ring of which the diffuse feature is the high-density part. This must have occurred before the close encounter between NGC 7320c and NGC 7319 which
was 3 – 8 ×108 years ago16,17, otherwise it would have dispersed the inner and outer tails. Indeed large HI structures like the diffuse feature need long time (> 1
Gyr) to develop. A candidate of such an intruder could be Anon 4 (v=6057 km s-1, MHI = 1.1 × 109 M⨀ 

6). It has a relative radial velocity of ~ 600 km s-1 and

a projected distance of ~ 0.2 Mpc from the SQ center. If the relative transverse velocity is ~200 km s-1, it would have taken ~ 1 Gyr for Anon 4 to move to the
current position after the collision. The optical counterpart of Anon 4 is LEDA 141041 which has a B-band magnitude of 18.4 and is undetected in NIR by
2MASS. Its optical image does not show any sign of strong interaction, though such sign may have faded away after ~1 Gyr passed since the collision.
Simulations are needed to test whether a low-mass late-type galaxy (or the remnant of a higher mass galaxy which lost much of its stellar component during
the high-speed collision) like LEDA 141041 can trigger a density wave strong enough for the formation of the very large diffuse feature while retaining its HI
content which is likely more massive than its stellar content. It is worth noting that a head-on collision with a dwarf companion 0.2 Gyr ago can explain
successfully the formation of the massive outer ring of M3130.

In conclusion, thanks to the high sensitivity and large sky coverage of FAST 19-beam receiver, we discovered a very large low-column-density HI structure
which we associate with the tidal debris created early in the history of SQ. The observations provide new constraints for simulations of the long and complex
history of SQ. As one of the most famous multi-galaxy colliding systems, gaining a better understanding of the formation and evolution of SQ will lead to a
more comprehensive picture of galaxy evolution under the in�uence of galaxy-galaxy and galaxy-IGM interactions. In the near future, with the FAST 19-beam
receiver fully commissioned, more discoveries of very low column-density (down to NHI ~1016 cm-2) extragalactic HI clouds can be expected.
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Methods
FAST Observations:

The deep HI mapping observations were carried out in September and October of 2021 using the FAST 19-beam receiver in the standard ON-OFF mode with
the total observation time of 22.4 hours (including overheads). The FAST 19-beam L-band Array is currently the largest multi-beam feed array for HI
observations in the world. Details about its properties and performance can be found in Ref 2. The 19 beams are arranged in a hexagonal con�guration with
the neighboring beams separated by 5’.7. The observations have the central frequency of 1391.64 MHz and the frequency coverage of 1050 – 1450 MHz with
a resolution of 7.63 kHz (Δv = 1.65 km s-1). For the 19 beams, the average half-power beam-width at 1391 MHz is 2’.9 (Extended Data Table 2). In order to
meet the Nyquist sampling criterion and �ll the gaps between beams in the focal plan, we did 16 pointings in a 4×4 rectangular grid in the north-up orientation
(Figure 1). The �nal mapping covers a region of ~ 30’× 30’ centered on SQ with 304 sky pixels (beam positions in the sky), and the separation between the
nearest pixels is 1’.4 in the RA direction and 1’.2 in the Dec direction. The 1-σ pointing error of individual beams is 7’’.9 2. At each pointing, 6 cycles of ON-OFF
integrations were conducted, with the OFF position at 40’ south-east from the ON position. Each ON or OFF took 300s integration with the sampling frequency
of 1 Hz. The total on-target time for each pixel is 1800s (Extended Data Table 1). In order to minimize the effects of standing waves and sidelobes, all
observations were con�ned within the zenith angle of 20 degrees.

Compared to the scan-mapping mode which is more suitable for large sky surveys such as the FAST Extragalactic HI Survey (FEHIS) 31, our observational
strategy provides an alternative for deep and small maps (≤ 30’) which can take the advantage of the ON-OFF mode in removing various systematic effects
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such as the standing waves and baseline wobbling more accurately.

Data Reduction and Calibration:

For each sky pixel observed by a given beam, we reduced the spectral data following a similar procedure as presented in Ref 32. The spectra of the two
polarizations were reduced separately (and eventually combined after the consistency check). The data were grouped in ON-OFF cycles. Each ON (or OFF) has
300 samplings. They were averaged and calibrated (i.e. converted from ADU to Kelvin), resulting in a single raw spectrum. During the observations, a
calibration signal (CAL) of 10 K was injected for a duration of 20s at the beginning of every ON-OFF cycle, and these data were used to calibrate the antenna
temperature Ta. The calibration error is on the order of 10%. Repeating this, we obtained a raw spectrum for every ON or OFF. As examples, the upper panel of
Extended Data Figure 1 presents the individual raw ON – OFF spectra obtained by M01 beam during the �rst pointing observation (the P1 pixel in Figure 1).
The mean of these spectra is presented in the middle panel of Extended Data Figure 1. It is affected signi�cantly by the standing waves, which can be well
�tted by a sine function locally. The units of the spectrum have been converted from Ta (in K) to �ux density (in mJy). The gain factor that converts Ta to �ux
density (in the units of K/Jy) depends on the frequency and varies from beam to beam. The values for individual beams at 1391 MHz, derived by interpolating
values at other frequencies adopted from Ref 2, are presented in Extended Data Table 2. The next step was to remove the standing waves together with the
baseline from the spectrum. The bottom panel of Extended Data Figure 1 presents the �nal spectrum at sky pixel P1 after the subtraction of a baseline
modelled by a sinusoidal (representing the standing waves) plus a polynomial (for the baseline gradient). We converted the frequency to velocity by adopting
the optical redshift convention and the local standard of rest (LSR) reference frame, and re-binned the spectrum into bins of Δv = 20 km s-1. The above
process was carried out repeatedly for every sky-pixel observed in our observations.

It is worth noting that, if the standing waves and baseline vary signi�cantly during a given observation, it is better to do the standing-waves-and-baseline
removal for spectra of individual ON-OFF’s instead of doing it for their mean. However, in a test in which we did the standing waves and baseline subtraction
for each ON-OFF and then used the median of the baseline-subtracted spectra of ON-OFF’s as the �nal spectrum at a given pixel, we got a noisier product. It
appears that the wavelength of the standing waves (in the frequency domain) in a given observation is rather constant (though the phase changes from cycle
to cycle). Consequently, the effect of the standing waves in the mean of the spectra of individual ON-OFF’s is still a well-de�ned sinusoidal with the same
wavelength which can be easily removed. Hence, because the mean spectrum is less noisy than individual spectra and therefore a more accurate model for
the standing waves and the baseline can be obtained, subtracting the baseline model from the mean spectrum can achieve a better result.

The �nal data cube was constructed from the 304 individual spectra so obtained, with velocity coverage of 4600 – 7600 km s-1 in 20 km s-1 bins. A uniform
half-power beam-width of 2’.9 was adopted for all spectra, neglecting the small variation of the beam size among different beams. 

The actual half-power beam-width of individual beams at 1391 MHz, derived from interpolations of values adopted from Ref 2, are listed in Extended Data
Table 2. The units of the �ux density of the spectra in the cube are in mJy beam-1. To �nd the �ux density in the units of mJy for a given spectrum, a factor of
A=(B/2’.9)2 should be multiplied to the value taken from the cube, where B is the half-power beam-width (in arcmin) of the beam with which the spectrum was
observed.

In the 16-pointing observations, each of the 19 beams covered 16 adjacent sky pixels. The mean and the standard deviation of the measured rms noise of
these 16 spectra are also listed in Extended Data Table 2. The rms noise of each spectrum was measured in the two velocity intervals of 4700 – 5000 km s-1

and 7000 – 7500 km s-1, where no HI signal was detected. Beam M16 stands out as the noisiest beam in the array, with a mean rms of 0.26 mJy beam-1 and a
standard deviation of 0.14 mJy beam-1. The false color map of the rms noise in the left panel of Extended Data Figure 2 shows that indeed pixels in the top-
right corner which were covered by beam M16 have higher noise than others. The histogram of the distribution of the rms noise at all sky pixels is shown in
the right panel of Extended Data Figure 2. The mean of the rms is 0.16 mJy beam-1 with a standard deviation of 0.05 mJy beam-1. It is worth noting that
strong radio frequency interference (RFI) in the frequency range of our observations was a serious issue in the early stage of this project. The operation team
of FAST did an excellent work in discovering and removing the source of the RFI in a relatively short time. All of our observations were carried out after the
removing of the RFI source. Consequently, our observations were not affected by any signi�cant RFI.

Smoothing:

The mean rms of 0.16 mJy beam-1 corresponds to a HI column density sensitivity of 1σ = 1.2 ×1017 cm-2 per channel (Δv=20 km s-1). In order to enhance the
sensitivity for the diffuse emission, the original data cube was convolved with a Gaussian kernel of Full-Width-at-Half-Maximum (FWHM) = 2’.8. After the
convolution, the angular resolution (FWHM) of the data cube is 4’.0, and the HI column density sensitivity is improved to 1σ = 4.2 ×1016 cm-2 per channel.
However, after the smoothing, the noises of individual spectra are no longer independent with each other.

Sidelobe Correction:

The data cube is corrected for the sidelobes utilizing the images of individual beams of the 19-beam receiver 2, which provide information of the point spread
functions (PSF’s) of the beams. For each beam, a “sidelobe responsivity function” is de�ned by the difference between the PSF and the “main beam”, the latter
is approximated by a 2-D Gaussian with the FWHM equal to the half-power beam-width. In the calculation of the sidelobe corrections, we consider only the
effects due to the central extended source associated with the SQ group. The FAST observations also detected numerous other HI sources in the SQ
neighborhood in the velocity range of 5500 – 7000 km s-1. They are much fainter than the central SQ source and therefore their contributions to the sidelobes
are neglected.
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The �rst step is to estimate the sidelobe contribution to the map of integrated HI emission in the velocity range of 6550 – 6750 km s-1, which encompasses
the peak of the HI spectrum of SQ 22. The original integrated HI emission map (

truth map’. The sidelobe contribution to any given pixel in the observed map is estimated by the following equation: Fsidelobe (xi, yj )  = Σm Σn T (xm, yn ) × Rk (xm-
xi, yn-yj), where xi and yj are the coordinates of the pixel center, T (xm, yn ) is the �ux in the truth map in the pixel at xm and yn, Rk is the sidelobe responsivity
function of the beam that is pointed at the pixel (xi, yj), and Σm and Σn are summations along the x and y directions, respectively. Extended Data Figure 3
presents the map of the sidelobe contribution so estimated overlaid by contours of the map of integrated HI emission in the velocity range of 6550 – 6750 km
s-1 (without the sidelobe correction, smoothed by a Gaussian kernel of FWHM=2’.8). It shows that the sidelobes contribute signi�cantly at the edge of the
debris �eld but has minimal effect to the diffuse feature in the south.

Neglecting the frequency dependences of both the sidelobes and the spatial distribution of the central SQ source, we estimate the sidelobe contribution to
each channel in the data cube by scaling the map in Extended Data Figure 3 with a factor of Cv = Sv / S6550-6750, where Sv (in mJy) is the �ux density of SQ in

the given channel, and S6550-6750 (in mJy km s-1) is the integrated �ux of SQ in the velocity range of 6550 – 6750 km s-1. Finally, we obtain the sidelobe
corrected data cube by subtracting the sidelobe contribution so estimated from every channel map in the cube. The 304 spectra in the resulting data cube are
presented illustratively in Figure 2.

Detections of Two New HI Sources in the SQ Neighborhood:

In the velocity range of 6550 – 6750 km s-1 we detected two new unresolved HI sources in the SQ neighborhood (Extended Data Table 3). Their HI spectra are
presented in Extended Data Figure 4. The spectrum of the source associated with NGC 7320a shows a typical double-horn pro�le consistent with the highly
edge-on optical morphology of the galaxy. In order to con�rm the association of the HI source and the optical galaxy, we made a long-slit optical spectroscopic
observation (1 hour exposure) for NGC 7320a in the night of Dec. 21, 2021 using the 2.4 meter telescope at Lijiang Observatory. The optical spectrum is
presented in Extended Data Figure 5. The radial velocity obtained from the optical spectrum is 6729 ± 59 km s-1, consistent with the HI velocity (6702 ± 24 km
s-1). The other HI source (Anon 7), which is only marginally detected, has a rather noisy spectrum. No obvious optical counter has been found for it.

Data availability

Data availability: Observational data are available from the FAST archive (http://fast.bao.ac.cn) 1 year after data collection, following FAST data policy. The
data that support the �ndings of this study are openly available in Science Data Bank at https://www.scidb.cn/s/jiIfee

Code availability

The Python and IDL code for the data reduction pipeline is available at https://www.scidb.cn/s/jiIfee
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Figures

Figure 1

Galaxies and main tidal features in SQ, and the sky coverage of the FAST observations of the SQ �eld. The background image is the inverted greyscale map of
the deep CFHT MegaCam g-band image18. The NGC name, radial velocity, and the Hubble type are provided for each galaxy. The FAST mapping observations
were carried out with 16 pointings in a 4×4 rectangular grid. The small red circles mark the positions of the central beam M01 of the FAST 19-beam receiver in
these pointings, and the characters “P1”, “P2”, … “P16” inside the circles identify the different pointings. The small blue circles mark the positions of other
beams. The large magenta circles (D = 2’.9, i.e. the beam size) show the coverage of the 19 beams in the �rst pointing.
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Figure 2

Illustrative plot of the 304 spectra of the HI emission in the SQ �eld. The underlying    optical color image (u, g, r) is obtained in the deep CFHT MegaCam
observation with limiting surface brightness of 29.0, 28.6 and 27.6 mag arcsec -2 for the three bands, respectively18. The spectra cover the velocity range of
4600 – 7600 km s-1 with an average rms of 0.16 mJy beam-1. The center of each spectrum coincides with the pointing position of the FAST beam with which
it was obtained. The �nal data cube includes 304 spectra in 20 km s-1 bins. The red circle in the bottom-left corner shows the size of the FAST beam (FWHM =
2’.9). The size of the image is 32’×30’. At the distance of SQ, 10’ corresponds to a linear scale of 0.25 Mpc.
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Figure 3

The HI emission in the velocity range of 6550 – 6750 km s-1. a): Contour map of integrated HI emission in the velocity range of 6550 – 6750 km s-1 overlaid
on the composite color image (u, g, r) of the deep CFHT MegaCam observation. The red circle at bottom-right illustrates the angular resolution (FWHM = 4’.0)
of the FAST map after smoothing. The contours start from NHI =7.4 ´ 1017 cm-2 (5.5σ) with an increment of a factor of 2. The red lines delineate the boundary
of the FAST observations. The size of the image is 32’×30’. The cyan contours in the center are adopted from the VLA observations for the 6600 component of
SQ6, with angular resolution of 19”.4 × 18”.6. They have the base level at NHI =5.8 × 1019 cm-2 and the increment of a factor of 2. The two green boxes marked
by characters A and B cover the newly discovered diffuse feature. b): False color map of the velocity �eld of the HI emission in the velocity range of 6550 –
6750 km s-1 overlaid by the same contour map shown in panel a). The units of the x and y axes are in pixels (1’.4 and 1’.2 in x and y axes, respectively). c): The
HI spectrum of the diffuse feature, which is the summation of all spectra inside the two green boxes in panel a). It has a �ux-density-weighted mean velocity
of 6633 km s-1 and a line width of ΔV20 = 160 km s -1. The integrated �ux is 0.42±0.03 Jy km s-1, corresponding to a HI mass of 7.1±0.5 × 108 M⨀.



Page 10/10

Figure 4

Individual spectra in the diffuse feature region. Individual spectra in Box A and Box B in Panel a) of Figure 3 are overlaid on the inverted greyscale map of
CFHT MegaCam g-band image. The center of each spectrum coincides with the pointing position of the FAST beam with which it was obtained. All spectra are
plotted with the same velocity range of [6200, 7200] km s-1 and �ux density range of [-0.5, 1.5] mJy beam-1. The short vertical red line on top of every spectrum
marks the position of v=6642 km s-1 (the �ux-density-weighted mean velocity of the diffuse feature). The spectra with detections of S/N> 4 are identi�ed by
pink boxes and those with detections of 3 < S/N ≤ 4 by green boxes. Galaxies brighter than r=20 mag are marked by red circles if they have photo-z < 0.1 or
orange circles if they have photo-z ≥ 0.1. The large red circle in upper-left corner (outside the boxes) illustrates the half-power beam size of the FAST
observations.
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