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Fig1. Typical spectra of galaxies with 
different activities in MIR wavelength 
range (Tommasin et al. 2010, ApJ,709, 1257)
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* There is a clear connection between the SMBH and galaxy properties, as shown through the famous MBH vs. Mbulge and MBH-σ 
   relationships, demonstrating that the galaxy’s bulge mass (Mbulge) and the stellar velocity dispersion (σ) are tightly correlated with the 
   SMBH (MBH), despite being widely different on spatial scales. 
* The observed correlation between the MBH and their host galactic bulges have suggested a link between their growth, but the precise 
   nature of this relationship remains uncertain.
* Infrared luminous galaxies are known to be powered by bursts in star formation activity that are often triggered by the merger of two 
   (or more) gas-rich galaxies. Each of the merging galaxies are expected to have contained at least one SMBH. The SMBHs both sink and 
   grow at the center hidden by huge amounts of dust, suggesting that the link between SMBH and galaxy properties is being buily up 
   right at the very moment.
* To study the properties of SMBHs and their host galaxies for local ULIRGs and LIRGs,  we propose spectroscopic observation with 
   high spatial resolution by TMT with high spectral resolution by SPICA.

Positive correlation between 
luminosities of AGN and nuclear SB 
(< a few 100 pc)  (Oi et al, 2010, PASJ, 62, 
1509)

10

1

0.1 1zgas/zsun

[O
II

I]
51

.8
0+

88
.3

3 
/ [

N
II

I]
57

.2
1

* For a few nearest AGNs, their dusty tori can be spatially resolved by 
   TMT/MICHI with MIRAO.
* PAH 11.0µm/PAH 11.2µm or PAH 7.7µm/PAH 11.2µm ratios can be 
   indicators of radiation intensity (U) and electron density (ne)
   (Branch et al. 2005, ApJ, 621, 831, Sakon et al. 2006, EPS, 15, 2).
* When we measure the ratio of 7.7, 11.0 and 11.2µm PAH feature 
   according to the location of a dusty torus (along the radius from the   
   center of source), we can investigate the nature of dusty tori. 

* It has been found that some ULIRGs host AGNs deeply hidden by   
   dust without any sign in optical wavelength (Imanishi et al, 2009, ApJ, 649, 
    751; 2010, ApJ, 721,1233)
* The fraction of LIRGs hosting AGN is considered to be 50% or less. 
* However, it is possible that there is an AGN hidden by dust of LIRGs.
* To detect the obscured sign, a diagnostic technique using emission 
   lines in MIR bands is useful.

Goal : Identify the energy sources hidden by the dust of LIRGs and
           estimate a ratio of star-formation compared to AGN 
           contributions
Method : Measure the [OIV]/[OIII] emission line ratio and/or PAH
           equivalent width (EW)

Goal: estimate the nuclear SB activity in dusty tori and study the 
          relationship with AGN activities
Method: measure the 7.7, 11.0, and/or 11.2µm PAH EWs of nuclear 
          region (<a few 10pc) with high spatial resolution

index AGN100% AGN50%
(SB50%)

AGN0%
(SB100%)

[OIV]25.9µm/
[OIII]52µm 1.3 0.4 0.08

PAH 11.2µm 
EW 0.1-0.2µm 0.5µm 0.8-1.0µm

Using the [OIII]/[NIII] line ratio, 
the metallicity can be estimated 
with error of 0.3 dex (Nagao et al. 
2011, A&A 526, A149)

* Using optical emission lines, metallicity of ULIRG in the local 
   universe is lower than that of normal galaxies.
* Is it real because of low-metallicity inflow? or do we only 
   see the foot of the metallicity gradient due to strong dust 
   extinction?

Goal : Estimation the metallicity of host galaxies 
Method : Measure the [OIII]/[NIII] emission line ratio

Identification of energy sources

Metallicity estimation

* If there is AGN feedback, there should be a connection between 
    AGN and star-formation activities.
* Nuclear SB (within a few 100pc) luminosity is more strongly 
   correlated with the AGN luminosity than is circumnuclear SF (a  
   few 100pc - a few kpc) luminosity (Watabe et al, 2008, ApJ, 677, 895).
* Since torus sizes are considered a few 10 pc or smaller, the nuclear
   SB luminosity is highly contaminated by SF in host galaxies.
* To study the correlation between nuclear SB in the dusty torus and 
   AGN activities, high spatial resolution observations are needed.

AGN and starburst in dusty torus correlation

SB distribution and nature of dusty torus

Goal : Investigate the radiation intensity and electron density
Method : Measure the PAH7.7µm, PAH11.0µm, and PAH11.2µm features  

PAH feature ratios are 
indices of  the ratio of 
UV field and electron 
density (Branch et al. 
2005, ApJ, 621, 831, 
Sakon et al. 2006, EPS, 
15, 2)102                                103
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* There is a clear connection between the SMBH and galaxy properties, as shown through the famous MBH vs. Mbulge and MBH-σ 
   relationships, demonstrating that the galaxy’s bulge mass (Mbulge) and the stellar velocity dispersion (σ) are tightly correlated with the 
   SMBH (MBH), despite being widely different on spatial scales. 
* The observed correlation between the MBH and their host galactic bulges have suggested a link between their growth, but the precise 
   nature of this relationship remains uncertain.
* Infrared luminous galaxies are known to be powered by bursts in star formation activity that are often triggered by the merger of two 
   (or more) gas-rich galaxies. Each of the merging galaxies are expected to have contained at least one SMBH. The SMBHs both sink and 
   grow at the center hidden by huge amounts of dust, suggesting that the link between SMBH and galaxy properties is being buily up 
   right at the very moment.
* To study the properties of SMBHs and their host galaxies for local ULIRGs and LIRGs,  we propose spectroscopic observation with 
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* For a few nearest AGNs, their dusty tori can be spatially resolved by 
   TMT/MICHI with MIRAO.
* PAH 11.0µm/PAH 11.2µm or PAH 7.7µm/PAH 11.2µm ratios can be 
   indicators of radiation intensity (U) and electron density (ne)
   (Branch et al. 2005, ApJ, 621, 831, Sakon et al. 2006, EPS, 15, 2).
* When we measure the ratio of 7.7, 11.0 and 11.2µm PAH feature 
   according to the location of a dusty torus (along the radius from the   
   center of source), we can investigate the nature of dusty tori. 

* It has been found that some ULIRGs host AGNs deeply hidden by   
   dust without any sign in optical wavelength (Imanishi et al, 2009, ApJ, 649, 
    751; 2010, ApJ, 721,1233)
* The fraction of LIRGs hosting AGN is considered to be 50% or less. 
* However, it is possible that there is an AGN hidden by dust of LIRGs.
* To detect the obscured sign, a diagnostic technique using emission 
   lines in MIR bands is useful.

Goal : Identify the energy sources hidden by the dust of LIRGs and
           estimate a ratio of star-formation compared to AGN 
           contributions
Method : Measure the [OIV]/[OIII] emission line ratio and/or PAH
           equivalent width (EW)

Goal: estimate the nuclear SB activity in dusty tori and study the 
          relationship with AGN activities
Method: measure the 7.7, 11.0, and/or 11.2µm PAH EWs of nuclear 
          region (<a few 10pc) with high spatial resolution

index AGN100% AGN50%
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AGN0%
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[OIV]25.9µm/
[OIII]52µm 1.3 0.4 0.08

PAH 11.2µm 
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Using the [OIII]/[NIII] line ratio, 
the metallicity can be estimated 
with error of 0.3 dex (Nagao et al. 
2011, A&A 526, A149)

* Using optical emission lines, metallicity of ULIRG in the local 
   universe is lower than that of normal galaxies.
* Is it real because of low-metallicity inflow? or do we only 
   see the foot of the metallicity gradient due to strong dust 
   extinction?

Goal : Estimation the metallicity of host galaxies 
Method : Measure the [OIII]/[NIII] emission line ratio

Identification of energy sources

Metallicity estimation

* If there is AGN feedback, there should be a connection between 
    AGN and star-formation activities.
* Nuclear SB (within a few 100pc) luminosity is more strongly 
   correlated with the AGN luminosity than is circumnuclear SF (a  
   few 100pc - a few kpc) luminosity (Watabe et al, 2008, ApJ, 677, 895).
* Since torus sizes are considered a few 10 pc or smaller, the nuclear
   SB luminosity is highly contaminated by SF in host galaxies.
* To study the correlation between nuclear SB in the dusty torus and 
   AGN activities, high spatial resolution observations are needed.

AGN and starburst in dusty torus correlation

SB distribution and nature of dusty torus

Goal : Investigate the radiation intensity and electron density
Method : Measure the PAH7.7µm, PAH11.0µm, and PAH11.2µm features  

PAH feature ratios are 
indices of  the ratio of 
UV field and electron 
density (Branch et al. 
2005, ApJ, 621, 831, 
Sakon et al. 2006, EPS, 
15, 2)102                                103
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* There is a clear connection between the SMBH and galaxy properties, as shown through the famous MBH vs. Mbulge and MBH-σ 
   relationships, demonstrating that the galaxy’s bulge mass (Mbulge) and the stellar velocity dispersion (σ) are tightly correlated with the 
   SMBH (MBH), despite being widely different on spatial scales. 
* The observed correlation between the MBH and their host galactic bulges have suggested a link between their growth, but the precise 
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   (or more) gas-rich galaxies. Each of the merging galaxies are expected to have contained at least one SMBH. The SMBHs both sink and 
   grow at the center hidden by huge amounts of dust, suggesting that the link between SMBH and galaxy properties is being buily up 
   right at the very moment.
* To study the properties of SMBHs and their host galaxies for local ULIRGs and LIRGs,  we propose spectroscopic observation with 
   high spatial resolution by TMT with high spectral resolution by SPICA.

Positive correlation between 
luminosities of AGN and nuclear SB 
(< a few 100 pc)  (Oi et al, 2010, PASJ, 62, 
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* For a few nearest AGNs, their dusty tori can be spatially resolved by 
   TMT/MICHI with MIRAO.
* PAH 11.0µm/PAH 11.2µm or PAH 7.7µm/PAH 11.2µm ratios can be 
   indicators of radiation intensity (U) and electron density (ne)
   (Branch et al. 2005, ApJ, 621, 831, Sakon et al. 2006, EPS, 15, 2).
* When we measure the ratio of 7.7, 11.0 and 11.2µm PAH feature 
   according to the location of a dusty torus (along the radius from the   
   center of source), we can investigate the nature of dusty tori. 

* It has been found that some ULIRGs host AGNs deeply hidden by   
   dust without any sign in optical wavelength (Imanishi et al, 2009, ApJ, 649, 
    751; 2010, ApJ, 721,1233)
* The fraction of LIRGs hosting AGN is considered to be 50% or less. 
* However, it is possible that there is an AGN hidden by dust of LIRGs.
* To detect the obscured sign, a diagnostic technique using emission 
   lines in MIR bands is useful.

Goal : Identify the energy sources hidden by the dust of LIRGs and
           estimate a ratio of star-formation compared to AGN 
           contributions
Method : Measure the [OIV]/[OIII] emission line ratio and/or PAH
           equivalent width (EW)

Goal: estimate the nuclear SB activity in dusty tori and study the 
          relationship with AGN activities
Method: measure the 7.7, 11.0, and/or 11.2µm PAH EWs of nuclear 
          region (<a few 10pc) with high spatial resolution

index AGN100% AGN50%
(SB50%)

AGN0%
(SB100%)

[OIV]25.9µm/
[OIII]52µm 1.3 0.4 0.08

PAH 11.2µm 
EW 0.1-0.2µm 0.5µm 0.8-1.0µm

Using the [OIII]/[NIII] line ratio, 
the metallicity can be estimated 
with error of 0.3 dex (Nagao et al. 
2011, A&A 526, A149)

* Using optical emission lines, metallicity of ULIRG in the local 
   universe is lower than that of normal galaxies.
* Is it real because of low-metallicity inflow? or do we only 
   see the foot of the metallicity gradient due to strong dust 
   extinction?

Goal : Estimation the metallicity of host galaxies 
Method : Measure the [OIII]/[NIII] emission line ratio

Identification of energy sources

Metallicity estimation

* If there is AGN feedback, there should be a connection between 
    AGN and star-formation activities.
* Nuclear SB (within a few 100pc) luminosity is more strongly 
   correlated with the AGN luminosity than is circumnuclear SF (a  
   few 100pc - a few kpc) luminosity (Watabe et al, 2008, ApJ, 677, 895).
* Since torus sizes are considered a few 10 pc or smaller, the nuclear
   SB luminosity is highly contaminated by SF in host galaxies.
* To study the correlation between nuclear SB in the dusty torus and 
   AGN activities, high spatial resolution observations are needed.

AGN and starburst in dusty torus correlation

SB distribution and nature of dusty torus

Goal : Investigate the radiation intensity and electron density
Method : Measure the PAH7.7µm, PAH11.0µm, and PAH11.2µm features  

PAH feature ratios are 
indices of  the ratio of 
UV field and electron 
density (Branch et al. 
2005, ApJ, 621, 831, 
Sakon et al. 2006, EPS, 
15, 2)102                                103
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* There is a clear connection between the SMBH and galaxy properties, as shown through the famous MBH vs. Mbulge and MBH-σ 
   relationships, demonstrating that the galaxy’s bulge mass (Mbulge) and the stellar velocity dispersion (σ) are tightly correlated with the 
   SMBH (MBH), despite being widely different on spatial scales. 
* The observed correlation between the MBH and their host galactic bulges have suggested a link between their growth, but the precise 
   nature of this relationship remains uncertain.
* Infrared luminous galaxies are known to be powered by bursts in star formation activity that are often triggered by the merger of two 
   (or more) gas-rich galaxies. Each of the merging galaxies are expected to have contained at least one SMBH. The SMBHs both sink and 
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   right at the very moment.
* To study the properties of SMBHs and their host galaxies for local ULIRGs and LIRGs,  we propose spectroscopic observation with 
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* For a few nearest AGNs, their dusty tori can be spatially resolved by 
   TMT/MICHI with MIRAO.
* PAH 11.0µm/PAH 11.2µm or PAH 7.7µm/PAH 11.2µm ratios can be 
   indicators of radiation intensity (U) and electron density (ne)
   (Branch et al. 2005, ApJ, 621, 831, Sakon et al. 2006, EPS, 15, 2).
* When we measure the ratio of 7.7, 11.0 and 11.2µm PAH feature 
   according to the location of a dusty torus (along the radius from the   
   center of source), we can investigate the nature of dusty tori. 

* It has been found that some ULIRGs host AGNs deeply hidden by   
   dust without any sign in optical wavelength (Imanishi et al, 2009, ApJ, 649, 
    751; 2010, ApJ, 721,1233)
* The fraction of LIRGs hosting AGN is considered to be 50% or less. 
* However, it is possible that there is an AGN hidden by dust of LIRGs.
* To detect the obscured sign, a diagnostic technique using emission 
   lines in MIR bands is useful.

Goal : Identify the energy sources hidden by the dust of LIRGs and
           estimate a ratio of star-formation compared to AGN 
           contributions
Method : Measure the [OIV]/[OIII] emission line ratio and/or PAH
           equivalent width (EW)

Goal: estimate the nuclear SB activity in dusty tori and study the 
          relationship with AGN activities
Method: measure the 7.7, 11.0, and/or 11.2µm PAH EWs of nuclear 
          region (<a few 10pc) with high spatial resolution

index AGN100% AGN50%
(SB50%)

AGN0%
(SB100%)

[OIV]25.9µm/
[OIII]52µm 1.3 0.4 0.08

PAH 11.2µm 
EW 0.1-0.2µm 0.5µm 0.8-1.0µm

Using the [OIII]/[NIII] line ratio, 
the metallicity can be estimated 
with error of 0.3 dex (Nagao et al. 
2011, A&A 526, A149)

* Using optical emission lines, metallicity of ULIRG in the local 
   universe is lower than that of normal galaxies.
* Is it real because of low-metallicity inflow? or do we only 
   see the foot of the metallicity gradient due to strong dust 
   extinction?

Goal : Estimation the metallicity of host galaxies 
Method : Measure the [OIII]/[NIII] emission line ratio

Identification of energy sources

Metallicity estimation

* If there is AGN feedback, there should be a connection between 
    AGN and star-formation activities.
* Nuclear SB (within a few 100pc) luminosity is more strongly 
   correlated with the AGN luminosity than is circumnuclear SF (a  
   few 100pc - a few kpc) luminosity (Watabe et al, 2008, ApJ, 677, 895).
* Since torus sizes are considered a few 10 pc or smaller, the nuclear
   SB luminosity is highly contaminated by SF in host galaxies.
* To study the correlation between nuclear SB in the dusty torus and 
   AGN activities, high spatial resolution observations are needed.

AGN and starburst in dusty torus correlation

SB distribution and nature of dusty torus

Goal : Investigate the radiation intensity and electron density
Method : Measure the PAH7.7µm, PAH11.0µm, and PAH11.2µm features  

PAH feature ratios are 
indices of  the ratio of 
UV field and electron 
density (Branch et al. 
2005, ApJ, 621, 831, 
Sakon et al. 2006, EPS, 
15, 2)102                                103
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* For a few nearest AGNs, their dusty tori can be spatially resolved by 
   TMT/MICHI with MIRAO.
* PAH 11.0µm/PAH 11.2µm or PAH 7.7µm/PAH 11.2µm ratios can be 
   indicators of radiation intensity (U) and electron density (ne)
   (Branch et al. 2005, ApJ, 621, 831, Sakon et al. 2006, EPS, 15, 2).
* When we measure the ratio of 7.7, 11.0 and 11.2µm PAH feature 
   according to the location of a dusty torus (along the radius from the   
   center of source), we can investigate the nature of dusty tori. 

* It has been found that some ULIRGs host AGNs deeply hidden by   
   dust without any sign in optical wavelength (Imanishi et al, 2009, ApJ, 649, 
    751; 2010, ApJ, 721,1233)
* The fraction of LIRGs hosting AGN is considered to be 50% or less. 
* However, it is possible that there is an AGN hidden by dust of LIRGs.
* To detect the obscured sign, a diagnostic technique using emission 
   lines in MIR bands is useful.

Goal : Identify the energy sources hidden by the dust of LIRGs and
           estimate a ratio of star-formation compared to AGN 
           contributions
Method : Measure the [OIV]/[OIII] emission line ratio and/or PAH
           equivalent width (EW)

Goal: estimate the nuclear SB activity in dusty tori and study the 
          relationship with AGN activities
Method: measure the 7.7, 11.0, and/or 11.2µm PAH EWs of nuclear 
          region (<a few 10pc) with high spatial resolution
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Using the [OIII]/[NIII] line ratio, 
the metallicity can be estimated 
with error of 0.3 dex (Nagao et al. 
2011, A&A 526, A149)

* Using optical emission lines, metallicity of ULIRG in the local 
   universe is lower than that of normal galaxies.
* Is it real because of low-metallicity inflow? or do we only 
   see the foot of the metallicity gradient due to strong dust 
   extinction?

Goal : Estimation the metallicity of host galaxies 
Method : Measure the [OIII]/[NIII] emission line ratio

Identification of energy sources

Metallicity estimation

* If there is AGN feedback, there should be a connection between 
    AGN and star-formation activities.
* Nuclear SB (within a few 100pc) luminosity is more strongly 
   correlated with the AGN luminosity than is circumnuclear SF (a  
   few 100pc - a few kpc) luminosity (Watabe et al, 2008, ApJ, 677, 895).
* Since torus sizes are considered a few 10 pc or smaller, the nuclear
   SB luminosity is highly contaminated by SF in host galaxies.
* To study the correlation between nuclear SB in the dusty torus and 
   AGN activities, high spatial resolution observations are needed.

AGN and starburst in dusty torus correlation

SB distribution and nature of dusty torus

Goal : Investigate the radiation intensity and electron density
Method : Measure the PAH7.7µm, PAH11.0µm, and PAH11.2µm features  

PAH feature ratios are 
indices of  the ratio of 
UV field and electron 
density (Branch et al. 
2005, ApJ, 621, 831, 
Sakon et al. 2006, EPS, 
15, 2)102                                103
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* There is a clear connection between the SMBH and galaxy properties, as shown through the famous MBH vs. Mbulge and MBH-σ 
   relationships, demonstrating that the galaxy’s bulge mass (Mbulge) and the stellar velocity dispersion (σ) are tightly correlated with the 
   SMBH (MBH), despite being widely different on spatial scales. 
* The observed correlation between the MBH and their host galactic bulges have suggested a link between their growth, but the precise 
   nature of this relationship remains uncertain.
* Infrared luminous galaxies are known to be powered by bursts in star formation activity that are often triggered by the merger of two 
   (or more) gas-rich galaxies. Each of the merging galaxies are expected to have contained at least one SMBH. The SMBHs both sink and 
   grow at the center hidden by huge amounts of dust, suggesting that the link between SMBH and galaxy properties is being buily up 
   right at the very moment.
* To study the properties of SMBHs and their host galaxies for local ULIRGs and LIRGs,  we propose spectroscopic observation with 
   high spatial resolution by TMT with high spectral resolution by SPICA.

Positive correlation between 
luminosities of AGN and nuclear SB 
(< a few 100 pc)  (Oi et al, 2010, PASJ, 62, 
1509)
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* For a few nearest AGNs, their dusty tori can be spatially resolved by 
   TMT/MICHI with MIRAO.
* PAH 11.0µm/PAH 11.2µm or PAH 7.7µm/PAH 11.2µm ratios can be 
   indicators of radiation intensity (U) and electron density (ne)
   (Branch et al. 2005, ApJ, 621, 831, Sakon et al. 2006, EPS, 15, 2).
* When we measure the ratio of 7.7, 11.0 and 11.2µm PAH feature 
   according to the location of a dusty torus (along the radius from the   
   center of source), we can investigate the nature of dusty tori. 

* It has been found that some ULIRGs host AGNs deeply hidden by   
   dust without any sign in optical wavelength (Imanishi et al, 2009, ApJ, 649, 
    751; 2010, ApJ, 721,1233)
* The fraction of LIRGs hosting AGN is considered to be 50% or less. 
* However, it is possible that there is an AGN hidden by dust of LIRGs.
* To detect the obscured sign, a diagnostic technique using emission 
   lines in MIR bands is useful.

Goal : Identify the energy sources hidden by the dust of LIRGs and
           estimate a ratio of star-formation compared to AGN 
           contributions
Method : Measure the [OIV]/[OIII] emission line ratio and/or PAH
           equivalent width (EW)

Goal: estimate the nuclear SB activity in dusty tori and study the 
          relationship with AGN activities
Method: measure the 7.7, 11.0, and/or 11.2µm PAH EWs of nuclear 
          region (<a few 10pc) with high spatial resolution

index AGN100% AGN50%
(SB50%)

AGN0%
(SB100%)

[OIV]25.9µm/
[OIII]52µm 1.3 0.4 0.08

PAH 11.2µm 
EW 0.1-0.2µm 0.5µm 0.8-1.0µm

Using the [OIII]/[NIII] line ratio, 
the metallicity can be estimated 
with error of 0.3 dex (Nagao et al. 
2011, A&A 526, A149)

* Using optical emission lines, metallicity of ULIRG in the local 
   universe is lower than that of normal galaxies.
* Is it real because of low-metallicity inflow? or do we only 
   see the foot of the metallicity gradient due to strong dust 
   extinction?

Goal : Estimation the metallicity of host galaxies 
Method : Measure the [OIII]/[NIII] emission line ratio

Identification of energy sources

Metallicity estimation

* If there is AGN feedback, there should be a connection between 
    AGN and star-formation activities.
* Nuclear SB (within a few 100pc) luminosity is more strongly 
   correlated with the AGN luminosity than is circumnuclear SF (a  
   few 100pc - a few kpc) luminosity (Watabe et al, 2008, ApJ, 677, 895).
* Since torus sizes are considered a few 10 pc or smaller, the nuclear
   SB luminosity is highly contaminated by SF in host galaxies.
* To study the correlation between nuclear SB in the dusty torus and 
   AGN activities, high spatial resolution observations are needed.

AGN and starburst in dusty torus correlation

SB distribution and nature of dusty torus

Goal : Investigate the radiation intensity and electron density
Method : Measure the PAH7.7µm, PAH11.0µm, and PAH11.2µm features  

PAH feature ratios are 
indices of  the ratio of 
UV field and electron 
density (Branch et al. 
2005, ApJ, 621, 831, 
Sakon et al. 2006, EPS, 
15, 2)102                                103
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* There is a clear connection between the SMBH and galaxy properties, as shown through the famous MBH vs. Mbulge and MBH-σ 
   relationships, demonstrating that the galaxy’s bulge mass (Mbulge) and the stellar velocity dispersion (σ) are tightly correlated with the 
   SMBH (MBH), despite being widely different on spatial scales. 
* The observed correlation between the MBH and their host galactic bulges have suggested a link between their growth, but the precise 
   nature of this relationship remains uncertain.
* Infrared luminous galaxies are known to be powered by bursts in star formation activity that are often triggered by the merger of two 
   (or more) gas-rich galaxies. Each of the merging galaxies are expected to have contained at least one SMBH. The SMBHs both sink and 
   grow at the center hidden by huge amounts of dust, suggesting that the link between SMBH and galaxy properties is being buily up 
   right at the very moment.
* To study the properties of SMBHs and their host galaxies for local ULIRGs and LIRGs,  we propose spectroscopic observation with 
   high spatial resolution by TMT with high spectral resolution by SPICA.

Positive correlation between 
luminosities of AGN and nuclear SB 
(< a few 100 pc)  (Oi et al, 2010, PASJ, 62, 
1509)
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* For a few nearest AGNs, their dusty tori can be spatially resolved by 
   TMT/MICHI with MIRAO.
* PAH 11.0µm/PAH 11.2µm or PAH 7.7µm/PAH 11.2µm ratios can be 
   indicators of radiation intensity (U) and electron density (ne)
   (Branch et al. 2005, ApJ, 621, 831, Sakon et al. 2006, EPS, 15, 2).
* When we measure the ratio of 7.7, 11.0 and 11.2µm PAH feature 
   according to the location of a dusty torus (along the radius from the   
   center of source), we can investigate the nature of dusty tori. 

* It has been found that some ULIRGs host AGNs deeply hidden by   
   dust without any sign in optical wavelength (Imanishi et al, 2009, ApJ, 649, 
    751; 2010, ApJ, 721,1233)
* The fraction of LIRGs hosting AGN is considered to be 50% or less. 
* However, it is possible that there is an AGN hidden by dust of LIRGs.
* To detect the obscured sign, a diagnostic technique using emission 
   lines in MIR bands is useful.

Goal : Identify the energy sources hidden by the dust of LIRGs and
           estimate a ratio of star-formation compared to AGN 
           contributions
Method : Measure the [OIV]/[OIII] emission line ratio and/or PAH
           equivalent width (EW)

Goal: estimate the nuclear SB activity in dusty tori and study the 
          relationship with AGN activities
Method: measure the 7.7, 11.0, and/or 11.2µm PAH EWs of nuclear 
          region (<a few 10pc) with high spatial resolution

index AGN100% AGN50%
(SB50%)

AGN0%
(SB100%)

[OIV]25.9µm/
[OIII]52µm 1.3 0.4 0.08

PAH 11.2µm 
EW 0.1-0.2µm 0.5µm 0.8-1.0µm

Using the [OIII]/[NIII] line ratio, 
the metallicity can be estimated 
with error of 0.3 dex (Nagao et al. 
2011, A&A 526, A149)

* Using optical emission lines, metallicity of ULIRG in the local 
   universe is lower than that of normal galaxies.
* Is it real because of low-metallicity inflow? or do we only 
   see the foot of the metallicity gradient due to strong dust 
   extinction?

Goal : Estimation the metallicity of host galaxies 
Method : Measure the [OIII]/[NIII] emission line ratio

Identification of energy sources

Metallicity estimation

* If there is AGN feedback, there should be a connection between 
    AGN and star-formation activities.
* Nuclear SB (within a few 100pc) luminosity is more strongly 
   correlated with the AGN luminosity than is circumnuclear SF (a  
   few 100pc - a few kpc) luminosity (Watabe et al, 2008, ApJ, 677, 895).
* Since torus sizes are considered a few 10 pc or smaller, the nuclear
   SB luminosity is highly contaminated by SF in host galaxies.
* To study the correlation between nuclear SB in the dusty torus and 
   AGN activities, high spatial resolution observations are needed.

AGN and starburst in dusty torus correlation

SB distribution and nature of dusty torus

Goal : Investigate the radiation intensity and electron density
Method : Measure the PAH7.7µm, PAH11.0µm, and PAH11.2µm features  

PAH feature ratios are 
indices of  the ratio of 
UV field and electron 
density (Branch et al. 
2005, ApJ, 621, 831, 
Sakon et al. 2006, EPS, 
15, 2)102                                103
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* There is a clear connection between the SMBH and galaxy properties, as shown through the famous MBH vs. Mbulge and MBH-σ 
   relationships, demonstrating that the galaxy’s bulge mass (Mbulge) and the stellar velocity dispersion (σ) are tightly correlated with the 
   SMBH (MBH), despite being widely different on spatial scales. 
* The observed correlation between the MBH and their host galactic bulges have suggested a link between their growth, but the precise 
   nature of this relationship remains uncertain.
* Infrared luminous galaxies are known to be powered by bursts in star formation activity that are often triggered by the merger of two 
   (or more) gas-rich galaxies. Each of the merging galaxies are expected to have contained at least one SMBH. The SMBHs both sink and 
   grow at the center hidden by huge amounts of dust, suggesting that the link between SMBH and galaxy properties is being buily up 
   right at the very moment.
* To study the properties of SMBHs and their host galaxies for local ULIRGs and LIRGs,  we propose spectroscopic observation with 
   high spatial resolution by TMT with high spectral resolution by SPICA.

Positive correlation between 
luminosities of AGN and nuclear SB 
(< a few 100 pc)  (Oi et al, 2010, PASJ, 62, 
1509)
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* For a few nearest AGNs, their dusty tori can be spatially resolved by 
   TMT/MICHI with MIRAO.
* PAH 11.0µm/PAH 11.2µm or PAH 7.7µm/PAH 11.2µm ratios can be 
   indicators of radiation intensity (U) and electron density (ne)
   (Branch et al. 2005, ApJ, 621, 831, Sakon et al. 2006, EPS, 15, 2).
* When we measure the ratio of 7.7, 11.0 and 11.2µm PAH feature 
   according to the location of a dusty torus (along the radius from the   
   center of source), we can investigate the nature of dusty tori. 

* It has been found that some ULIRGs host AGNs deeply hidden by   
   dust without any sign in optical wavelength (Imanishi et al, 2009, ApJ, 649, 
    751; 2010, ApJ, 721,1233)
* The fraction of LIRGs hosting AGN is considered to be 50% or less. 
* However, it is possible that there is an AGN hidden by dust of LIRGs.
* To detect the obscured sign, a diagnostic technique using emission 
   lines in MIR bands is useful.

Goal : Identify the energy sources hidden by the dust of LIRGs and
           estimate a ratio of star-formation compared to AGN 
           contributions
Method : Measure the [OIV]/[OIII] emission line ratio and/or PAH
           equivalent width (EW)

Goal: estimate the nuclear SB activity in dusty tori and study the 
          relationship with AGN activities
Method: measure the 7.7, 11.0, and/or 11.2µm PAH EWs of nuclear 
          region (<a few 10pc) with high spatial resolution

index AGN100% AGN50%
(SB50%)

AGN0%
(SB100%)

[OIV]25.9µm/
[OIII]52µm 1.3 0.4 0.08

PAH 11.2µm 
EW 0.1-0.2µm 0.5µm 0.8-1.0µm

Using the [OIII]/[NIII] line ratio, 
the metallicity can be estimated 
with error of 0.3 dex (Nagao et al. 
2011, A&A 526, A149)

* Using optical emission lines, metallicity of ULIRG in the local 
   universe is lower than that of normal galaxies.
* Is it real because of low-metallicity inflow? or do we only 
   see the foot of the metallicity gradient due to strong dust 
   extinction?

Goal : Estimation the metallicity of host galaxies 
Method : Measure the [OIII]/[NIII] emission line ratio

Identification of energy sources

Metallicity estimation

* If there is AGN feedback, there should be a connection between 
    AGN and star-formation activities.
* Nuclear SB (within a few 100pc) luminosity is more strongly 
   correlated with the AGN luminosity than is circumnuclear SF (a  
   few 100pc - a few kpc) luminosity (Watabe et al, 2008, ApJ, 677, 895).
* Since torus sizes are considered a few 10 pc or smaller, the nuclear
   SB luminosity is highly contaminated by SF in host galaxies.
* To study the correlation between nuclear SB in the dusty torus and 
   AGN activities, high spatial resolution observations are needed.

AGN and starburst in dusty torus correlation

SB distribution and nature of dusty torus

Goal : Investigate the radiation intensity and electron density
Method : Measure the PAH7.7µm, PAH11.0µm, and PAH11.2µm features  

PAH feature ratios are 
indices of  the ratio of 
UV field and electron 
density (Branch et al. 
2005, ApJ, 621, 831, 
Sakon et al. 2006, EPS, 
15, 2)102                                103
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* There is a clear connection between the SMBH and galaxy properties, as shown through the famous MBH vs. Mbulge and MBH-σ 
   relationships, demonstrating that the galaxy’s bulge mass (Mbulge) and the stellar velocity dispersion (σ) are tightly correlated with the 
   SMBH (MBH), despite being widely different on spatial scales. 
* The observed correlation between the MBH and their host galactic bulges have suggested a link between their growth, but the precise 
   nature of this relationship remains uncertain.
* Infrared luminous galaxies are known to be powered by bursts in star formation activity that are often triggered by the merger of two 
   (or more) gas-rich galaxies. Each of the merging galaxies are expected to have contained at least one SMBH. The SMBHs both sink and 
   grow at the center hidden by huge amounts of dust, suggesting that the link between SMBH and galaxy properties is being buily up 
   right at the very moment.
* To study the properties of SMBHs and their host galaxies for local ULIRGs and LIRGs,  we propose spectroscopic observation with 
   high spatial resolution by TMT with high spectral resolution by SPICA.

Positive correlation between 
luminosities of AGN and nuclear SB 
(< a few 100 pc)  (Oi et al, 2010, PASJ, 62, 
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* For a few nearest AGNs, their dusty tori can be spatially resolved by 
   TMT/MICHI with MIRAO.
* PAH 11.0µm/PAH 11.2µm or PAH 7.7µm/PAH 11.2µm ratios can be 
   indicators of radiation intensity (U) and electron density (ne)
   (Branch et al. 2005, ApJ, 621, 831, Sakon et al. 2006, EPS, 15, 2).
* When we measure the ratio of 7.7, 11.0 and 11.2µm PAH feature 
   according to the location of a dusty torus (along the radius from the   
   center of source), we can investigate the nature of dusty tori. 

* It has been found that some ULIRGs host AGNs deeply hidden by   
   dust without any sign in optical wavelength (Imanishi et al, 2009, ApJ, 649, 
    751; 2010, ApJ, 721,1233)
* The fraction of LIRGs hosting AGN is considered to be 50% or less. 
* However, it is possible that there is an AGN hidden by dust of LIRGs.
* To detect the obscured sign, a diagnostic technique using emission 
   lines in MIR bands is useful.

Goal : Identify the energy sources hidden by the dust of LIRGs and
           estimate a ratio of star-formation compared to AGN 
           contributions
Method : Measure the [OIV]/[OIII] emission line ratio and/or PAH
           equivalent width (EW)

Goal: estimate the nuclear SB activity in dusty tori and study the 
          relationship with AGN activities
Method: measure the 7.7, 11.0, and/or 11.2µm PAH EWs of nuclear 
          region (<a few 10pc) with high spatial resolution

index AGN100% AGN50%
(SB50%)

AGN0%
(SB100%)

[OIV]25.9µm/
[OIII]52µm 1.3 0.4 0.08

PAH 11.2µm 
EW 0.1-0.2µm 0.5µm 0.8-1.0µm

Using the [OIII]/[NIII] line ratio, 
the metallicity can be estimated 
with error of 0.3 dex (Nagao et al. 
2011, A&A 526, A149)

* Using optical emission lines, metallicity of ULIRG in the local 
   universe is lower than that of normal galaxies.
* Is it real because of low-metallicity inflow? or do we only 
   see the foot of the metallicity gradient due to strong dust 
   extinction?

Goal : Estimation the metallicity of host galaxies 
Method : Measure the [OIII]/[NIII] emission line ratio

Identification of energy sources

Metallicity estimation

* If there is AGN feedback, there should be a connection between 
    AGN and star-formation activities.
* Nuclear SB (within a few 100pc) luminosity is more strongly 
   correlated with the AGN luminosity than is circumnuclear SF (a  
   few 100pc - a few kpc) luminosity (Watabe et al, 2008, ApJ, 677, 895).
* Since torus sizes are considered a few 10 pc or smaller, the nuclear
   SB luminosity is highly contaminated by SF in host galaxies.
* To study the correlation between nuclear SB in the dusty torus and 
   AGN activities, high spatial resolution observations are needed.

AGN and starburst in dusty torus correlation

SB distribution and nature of dusty torus

Goal : Investigate the radiation intensity and electron density
Method : Measure the PAH7.7µm, PAH11.0µm, and PAH11.2µm features  

PAH feature ratios are 
indices of  the ratio of 
UV field and electron 
density (Branch et al. 
2005, ApJ, 621, 831, 
Sakon et al. 2006, EPS, 
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