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Abstract: we present the upgrated Giant Metrewave Radio Telescope 
(uGMRT) detections of biconical neutral hydrogen outflows in the ultra-
luminous infrared galaxy of IRAS 10565+2448. The outflows are located 
about 1.36 kpc from the radio core and have a shifted velocity about 148 km/s 
and a FWHM about 581 km/s.  The spatial extent and kinematic properties 
of the HI outflows are consistent with the previously detected cold molecular 
and warm ionised outflows in IRAS 10565+2448, suggesting that they have 
the same driving mechanism and are tracing the multi-phase gas 
counterparts of the same outflow. By combining the multi-phase gas 
observations, we estimate a total outflowing mass rate of at least 516 �⨀ yr−�  
and a total energy loss rate of at least 3.3 × ����  erg s−� , where the 
contribution from the ionised outflow is negligible. This strongly emphasizes 
the importance of including both cold neutral and molecular gas when 
quantifying the impact of outflows. We argue that the radio jet is the 
dominant mechanism that drives the observed outflow. The modest radio 
luminosity ��.� ���  ∼ 2.1 × ����  � Hz−�  of the jet in IRAS 10565+2448 
implies that the jet contribution to driving outflows should not be ignored in 
low radio luminosity AGN.

Why studying outflows?
Outflows are the bridges of the co-evolution between super-massive black hole 
(SMBH) and host galaxies and have been invoked to interpret the observed 
correlations between the mass of SMBH and host galaxy properties, like below:

Figure 1：From left to right, the correlations between SMBH mass and stellar velocity 
dispersion, V-band luminosity, and bulge stellar mass of host galaxies (McConnell & Ma 
2013).

In addition, outflows can regulate the growth of SMBH and star formation in host 
galaxies (e.g. Springel et al., 2005; Zubovas et al., 2013; Kormendy & Ho 2013). 
Therefore, studying outflows is crucial for our understanding of galaxy 
evolution.
Why studying neutral hydrogen outflows?
Because outflows consist of ionised, neutral, and molecular gas and more 
importantly more and more observations have shown that the bulk of mass in 
outflows is often in neutral and molecular form (e.g. Morganti & Oosterloo, 2018).   
Therefore, studying neutral hydrogen outflows is crucial for 
understanding the overall impact of outflows.

An interesting case of IRAS 10565+2448
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Prev ious  Arec ibo  obse rva t ion  o f  IRAS 
10565+2448 revealed three features  (Mirabel & 
Sanders 1988):
Ø A faint HI 21-cm emission.
Ø A deep and narrow HI 21-cm absorption.
Ø A broad and shallow HI 21-cm absorption 

indicating outflow.
 Figure 3：Arecibo HI spectrum 

of IRAS 10565+2448 (Mirabel & 
Sanders 1988).

However the spatial resolution of 
Arecibo is low, the HI emission is mixed 
with HI absorption and it is impossible to 
localise the outflow.

1, Host galaxy properties

Figure 2：Optical gri bands  
composite image from Sloan 
Digital Sky Survey (SDSS) with 
the radio contours from our 
uGMRT observations overlaid.

The host  galaxy properties of IRAS 
10565+2448 (Mirabel & Sanders 1988; 
Rupke et al., 2005; Fluetch et al., 2019; 
Cicone et al., 2014):
Ø Bright in infrared band with luminosity 

1.1 × 1012�⨀ at redshift z = 0.0431.
Ø Merging  sys tem invo lv ing  th ree 

galaxies marked as A, B, and C in 
Figure 2.

Ø High star formation rate of 95 �⨀ yr−1.
Ø Showing observable outflows.

Our uGMRT observations with higher spatial resolution allow us to separate the HI 
absorption and emission. We made two cubes, with uniform weighting and natural 
weighting respectively, to extract spectra, as showed in Figure 4. Our observational results 
are: 

Figure 4：The extracted spectra from our observations. We made two cubes, one 
made with uniform weighting while another made with natural weighting. We 
distributed nine red squares (marked as 1...9) to extract spectra from uniform-
weighting cube and four green squares (marked as 10...14) to extract spectra from 
natural-weighting cube. The units are km/s and mJy for X- and  Y- axis of the spectra.

Ø We did not detect the faint HI emission reported in Arecibo observation due to our lower 
sensitivity or the faint HI emission is resolved out in our much higher resolution 
observations.

Ø All the HI absorption arise from the galaxy A.
Ø We successfully separated the two HI absorption components in Arecibo spectrum. The 

deep and narrow absorption arise from the central region of galaxy A while the broad and 
shallow absorption arise about 1.36 kpc  southwest to the center, see the spectra extracted 
from square 5 and 6 in Figure 4. Spectral fitting results are showed in Table 1.

Ø Besides the blueshifted outflow, we also detected a redshifted outflow at the opposite 
direction of blueshifted outflow from the spectrum extracted from square 10 from 
natural-weighting cube, as showed in Figure 4.

Table 1：spectral fitting 
results for spectra extracted 
from square 5 and 6. 

Table 2：multi-phase gas properties in the outflow
 in IRAS 10565+2448.

I. Ionised gas: optical IFU observations detected 
ionised �� outflow (Rupke & Veilleux 2013) in it.

II. Molecular gas: IRAM observations detected 
both cold blueshifted and redshifted molecular 
outflows in it (Cicone et al., 2014).

I. S t a r b u r s t  ?  N o ,  t h e  s t a r b u r s t  i n  I R A S 
10565+2448 can only drive an outflow with mass 
rate of about 24.7 �⨀ yr−1  , which is much 
lower than the observed quantity, see Table 2.

II. AGN radiation? No,  in terms of the kinetic 
power and momentum rate,  the weak AGN in 
IRAS 10565+2488 is not able to drive the 
observed outflow.

III. Jet? Yes, in principle, the low radio luminosity
      , L1.4 GHz ∼ 2.1 × 1023 W Hz−1, jet could drive
      the observed outflow.

I. We detected both blueshifted and redshifted HI 
outflows in IRAS 10565+2448.

II. We emphasize the importance of multi-bands 
study of outflows.

III.We highlight the power of HI absorption in 
studying outflows as HI absorption studies could 
provide high spatial resolution.

IV.The outflow should be dominantly driven by jet, 
implying that the jet contribution to driving 
outflows should not be ignored in low radio 
luminosity AGN.

Reference:
Cicone C., et al., 2014, A&A, 562, A21 
Fluetsch A., et al., 2019, MNRAS, 483, 4586
Kormendy, J., & Ho, L., 2013, ARA&A, 51, 511
Mirabel, I., & Sanders, D. 1988, ApJ, 335, 104

Morganti, R., & Oosterloo, T., 2018, A&ARv, 26, 4
McConnell, N., Ma, C., 2013, ApJ, 764, 184M
Rupke D. S., et al., 2005, ApJS, 160, 115
Rupke D. S. N., Veilleux S., 2013, ApJ, 768, 75
Springel, V., et al., 2005, ApJL, 620, L79
Zubovas, K., et al., 2013, MNRAS, 433, 3079

This work is in cooperation with Elizabeth Mahony, Minfeng 
Gu, Stephen Curran, Elaine Sadler, James Allison, Hyein 
Yoon, J., Aditya, Yogesh Chandola, Yongjun Chen, Vanessa 
Moss, Zhongzu Wu, Xi Shao, Xiang Liu, Marcin Glowacki, 
Matthew Whiting, and Simon Weng.


