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Abstract: 
 We present the first results of a diffuse X-ray emission around the Seyfert 2 galaxy, NGC4388 

observed with Suzaku and XMM-Newton. Both Suzaku and XMM-Newton detected a largely 

extended X-ray nebula (LEXN) toward the northeast. The emission extends up to 7’ (35kpc) from 

the galaxy center, and the direction is in agreement with the Hα optical filament which Subaru has 

detected. The spectrum obtained with Suzaku XIS is 

well fitted with a thin thermal plasma model. 

Figure 1. Subaru and XMM-Newton image of 

NGC 4388. Grayscale : H α +[NII] map 

observed with the Subaru Suprime-Cam adopted 

from Yoshida et al. (2002). Green : X-ray map 

observed with a XMM-Newton. In spite of the 

short exposure time (~10ksec), we detected a 

largely extended X-ray nebula up to 20kpc along 

with the optical nebula.  

 

1. Introduction 
NGC 4388 is a nearly edge-on galaxy hosting a type 2 

Seyfert nucleus. It is located near the core of the Virgo 

cluster. The measured recession velocity (2540km/s) is 

much higher than the cluster mean velocity (1100km/s), 

indicating that NGC 4388 is moving away from us in 

the intra-cluster medium (ICM) of the Virgo cluster at a 

supersonic speed. Therefore, interaction between the 

galaxy and ICM has been suspected, particularly in the 

context of ram-pressure stripping of the interstellar 

medium (ISM). 

Yoshida et al. (2002) found a very large (~35kpc) 
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optical emission-line nebula around NGC 4388 with the Subaru Suprime-Cam (Figure 1). Studies of 

the excitation conditions in the extra planar nebula suggest that it is likely photoionized by the 

Seyfert nucleus. In addition to the photoionization, shock heating contributes to ionizing the nebula 

(Yoshida et al. 2004). Yoshida et al. (2004) suggests that the largely extended emission-line nebula 

was formerly the disk gas of NGC 4388, which has been stripped by ram pressure due to the 

interaction with ICM. 

 

Iwasawa et al. (2003) found a large soft X-ray emission extending up to 16kpc to the north of NGC 

4388 with Chandra. The spectral studies suggest that photoionized gas with ζ=0.3-3 appears to be 

plausible explanation for the emission up to 9kpc. 

Around a active galaxy, a large-scale X-ray nebula associating with a Hα emission are sometimes 

detected with the sizes up to a few tens of kpc. In the case of the starburst galaxies like M82 and 

NGC 253, the nebulae are thought to be heated up by superwinds colliding with intergalactic 

medium (IGM). The Chandra results on NGC 4388 suggest another heating mechanism of 

photoionization would work for the large-scale X-ray nebula. In this paper we aim to search for 

more extended X-ray emission than where Chandra has detected and investigate the X-ray emission 

mechanism using Suzaku and archival XMM-Newton observations.  

 

Figure 2. Left: X-ray image of NGC 4388 observed with XMM-Newton EPIC (0.3-2keV).Three green circles 

in black ellipse represent point sources. Pink ellipse represents background region.  Right: Same but with 

Suzaku XIS (0.3-2keV). Solid white and yellow lines indicate source and background region, respectively. 

Purple rectangular of Figure 1 and 2 show a same region as a reference.  

 



Figure 3. Suzaku XIS X-ray 

spectra of the LEXN. The 

black and red lines indicate 

the spectra obtained with BI 

(XIS1) and FIs (XIS0,2,3), 

respectively.  

 

   

2. Observation and Detection of largely extended X-ray nebula 
Suzaku observed NGC 4388 on 2005 December with the effective time 126ks. XMM-Newton 

observed it on 2002 December with the effective time 12ks for MOS and 7ks for pn. We clearly 

detected a largely extended X-ray nebula (LEXN) with XMM-Newton and Suzaku XIS which 

correlate well with Hα emission up to 7’ (35kpc) toward northeast from the galactic center of NGC 

4388 (Figure 1, right panel of Figure 2).  

 

 

3. Point Source 

We check whether this region contains any point sources using XMM-Newton archival data. We 

detected three point sources in the area of the LEXN (green circles in the left panel of Figure 2). The 

total flux of the three point sources is 2.79×10-14 ergs/cm2s in the energy band 0.3-5 keV, while flux 

of whole black ellipse region in the left panel of Figure 2 is 2.06 ×10-13 ergs/cm2s in the same 

energy band. The contribution of three point sources in the whole black ellipse region is 13.5%. In 

the Suzaku analyses below, we exclude point sources’ region (right panel of Figure 2).  

 
 
4. Spectrum of the LEXN 

We obtained the spectra of the source and background regions which are shown in the right panel of 

Figure 2. We made background subtraction and obtained the spectrum of the LEXN (Figure 3). We 

detected clear emission lines of elements such as Ne, Mg and Si. We performed spectral fittings. We 

found the spectrum of the diffuse X-ray emission of the LEXN is well fitted with single thermal 



plasma. We fixed the absorption column density to be our Galaxy value (NH=2.5×102 cm-2). The 

metal abundances except for iron were fixed to be solar. The abundance of iron was 0.22 (0.14-0.32 

in the 90% confidence) solar. The temperature of thermal plasmas is kT=0.66 keV (0.14–0.32 keV in 

the 90% confidence).  

We estimate the luminosity, density, total energy, and total mass of the LEXN shown in the white 

region in the right panel of Figure 2. We adopted 16.7 Mpc for the distance of NGC 4388. We 

assumed two cylinders for the shapes of the LEXN. Both cylinders have the size of 0.8’ in the radius 

and 5’ in the length. The luminosity of energy band 0.3-2keV is 2.5×1039 ergs/s. The density and the 

total thermal energy are 1.8×10-3cm-3×fX
-0.5 and 1.9×1056 ergs×fX

0.5, respectively, where fX is the 

filling factor. The total mass of the plasma is 2.0×1041g×fX
0.5 . 

  

 

5. Summary 

We successfully detected a largely extended X-ray nebula with Suzaku XIS and XMM-Newton 

EPIC. The emission extends up to 7’ (35kpc) from the center of NGC 4388. We detected emission 

lines from Ne, Mg and Si. The spectrum is consistent with single thermal plasma with the solar 

metal abundances.  
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