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Introduction

• Supermassive black holes are ubiquitous in massive galaxies 


• Multiple episodes of gas accretion - every 10-100 Myr


• Sgr A* in the Milky Way


• Underwent accretion only 6 Myr ago


• Highly energetic radiation


• Penetrate the dusty galactic disk efficiently


• Chemical impacts
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Introduction

• AGN induced chemistry in 
molecular clouds


• X-ray ionization


• Rapid electrons ejection


• Secondary ionization


• Synthesis of organic 
molecules 

• Evolution of life?
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Methods
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Hypothetical AGN Galatic absorbtion

Photoionization
(Latif et al. 2015)

KROME
(Grassi et al. 2014)

X-ray flux distribution

Molecular cloud model

New Network 

Grain processes
(Hasegawa et al. 1992)
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Fiducial Model
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• Eddington accretion rate


• Galactic distance: 


• Column density:


• Three molecules


• Two phases


• Gas / grain

H2O, CH3OH, H2CO

<latexit sha1_base64="FJdw5kKqxrLXnpPV1cAUglbDKz0=">AAACKHicbZBbSwJBFMdn7WZ22+qxlyEJegjZNaPeknzxTYO8gIrMjqMOzl6YORvJsh+nl75KLxFF+NonadQFSzsw8ON3zjBz/k4guALLmhiptfWNza30dmZnd2//wDw8qis/lJTVqC982XSIYoJ7rAYcBGsGkhHXEazhjErTfuORScV97wHGAeu4ZODxPqcEtOqat21gTxCV425+TpX4oo3nWNL2MrHlhV7Mlipx18xaOWtWeBXsBLIoqWrXfG/3fBq6zAMqiFIt2wqgExEJnAoWZ9qhYgGhIzJgLY0ecZnqRLNFY3ymTQ/3famPB3hmf9+IiKvU2HX0pEtgqJZ7U/lfrxVC/6YTcS8IgXl0/lA/FBh8PE0N97hkFMRYA6GS679iOiSSUNDZZnQI9vLKq1DP5+xC7uq+kC3eJXGk0Qk6RefIRteoiMqoimqIomf0ij7Qp/FivBlfxmQ+mjKSO8foTxnfP0YUp1Y=</latexit>

1022.5 cm�2

<latexit sha1_base64="M87jSndm+Vhf85QNfni3YzAO6d4=">AAACAXicbVDLSgNBEJyNrxhfUS+Cl8EgeDHsLgl6DHrxGME8IC9mJ5NkyOzsMtMrhmW9+CtePCji1b/w5t84SfagiQUNRVU33V1eKLgG2/62Miura+sb2c3c1vbO7l5+/6Cug0hRVqOBCFTTI5oJLlkNOAjWDBUjvidYwxtfT/3GPVOaB/IOJiHr+GQo+YBTAkbq5Y8cuxu7brGctIE9QIypn3Tjczfp5Qt20Z4BLxMnJQWUotrLf7X7AY18JoEKonXLsUPoxEQBp4IluXakWUjomAxZy1BJfKY78eyDBJ8apY8HgTIlAc/U3xMx8bWe+J7p9AmM9KI3Ff/zWhEMLjsxl2EETNL5okEkMAR4Ggfuc8UoiIkhhCpubsV0RBShYELLmRCcxZeXSd0tOqVi+bZUqFylcWTRMTpBZ8hBF6iCblAV1RBFj+gZvaI368l6sd6tj3lrxkpnDtEfWJ8/0quV3w==</latexit>

4 kpc

<latexit sha1_base64="EKQnpHE1agsNQFQ7F75A9XCjNbI=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ac0oWy223bpJll2J2IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZeqKQw6LrfTmFtfWNzq7hd2tnd2z8oHx61TJJqxpsskYnuhNRwKWLeRIGSd5TmNAolb4fj25nffuTaiCR+wIniQUSHsRgIRtFKfs1H/oQZGSs27ZUrbtWdg6wSLycVyNHolb/8fsLSiMfIJDWm67kKg4xqFEzyaclPDVeUjemQdy2NacRNkM1vnpIzq/TJING2YiRz9fdERiNjJlFoOyOKI7PszcT/vG6Kg+sgE7FKkcdssWiQSoIJmQVA+kJzhnJiCWVa2FsJG1FNGdqYSjYEb/nlVdK6qHq16uV9rVK/yeMowgmcwjl4cAV1uIMGNIGBgmd4hTcndV6cd+dj0Vpw8plj+APn8wf1SpGl</latexit>
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Fiducial Model: H2O

Galactic distance:  
Column density: 1022.5 cm�2

<latexit sha1_base64="OhtSQb3bMxPkfmAqI1KIbXQupJU=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEIXhxmQoI5Brx4jGAWyEZPpydp0j0zdNeIYRgv/ooXD4p49S+8+Td2loMmPih4vFdFVT0vElyD43xbmbX1jc2t7HZuZ3dv/yB/eNTQYawoq9NQhKrlEc0ED1gdOAjWihQj0hOs6Y2vp37zninNw+AOJhHrSjIMuM8pASP18yeu00uKRbucdoA9QIKpTHvJZTHt5wuO7cyAV4m7IAW0QK2f/+oMQhpLFgAVROu260TQTYgCTgVLc51Ys4jQMRmytqEBkUx3k9kHKT43ygD7oTIVAJ6pvycSIrWeSM90SgIjvexNxf+8dgx+pZvwIIqBBXS+yI8FhhBP48ADrhgFMTGEUMXNrZiOiCIUTGg5E4K7/PIqaRRtt2SXb0uFamURRxadojN0gVx0haroBtVQHVH0iJ7RK3qznqwX6936mLdmrMXMMfoD6/MHz6mV1Q==</latexit>

4 kpc

<latexit sha1_base64="RPHWJmok+daguxxRxWb87LdkNbI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkYo8FLx4r2A9oQtlsp+3STbLsTsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8UElh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmyTVHFo8kYnuhsyAFDG0UKCErtLAolBCJ5zczv3OI2gjkvgBpwqCiI1iMRScoZX8mo/whBmdKD7rlytu1V2ArhMvJxWSo9kvf/mDhKcRxMglM6bnuQqDjGkUXMKs5KcGFOMTNoKepTGLwATZ4uYZvbDKgA4TbStGulB/T2QsMmYahbYzYjg2q95c/M/rpTisB5mIVYoQ8+WiYSopJnQeAB0IDRzl1BLGtbC3Uj5mmnG0MZVsCN7qy+ukfVX1atXr+1qlUc/jKJIzck4uiUduSIPckSZpEU4UeSav5M1JnRfn3flYthacfOaU/IHz+QPySJGb</latexit>
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Fiducial Model: CH3OH & H2CO

Galactic distance:  
Column density: 1022.5 cm�2

<latexit sha1_base64="OhtSQb3bMxPkfmAqI1KIbXQupJU=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEIXhxmQoI5Brx4jGAWyEZPpydp0j0zdNeIYRgv/ooXD4p49S+8+Td2loMmPih4vFdFVT0vElyD43xbmbX1jc2t7HZuZ3dv/yB/eNTQYawoq9NQhKrlEc0ED1gdOAjWihQj0hOs6Y2vp37zninNw+AOJhHrSjIMuM8pASP18yeu00uKRbucdoA9QIKpTHvJZTHt5wuO7cyAV4m7IAW0QK2f/+oMQhpLFgAVROu260TQTYgCTgVLc51Ys4jQMRmytqEBkUx3k9kHKT43ygD7oTIVAJ6pvycSIrWeSM90SgIjvexNxf+8dgx+pZvwIIqBBXS+yI8FhhBP48ADrhgFMTGEUMXNrZiOiCIUTGg5E4K7/PIqaRRtt2SXb0uFamURRxadojN0gVx0haroBtVQHVH0iJ7RK3qznqwX6936mLdmrMXMMfoD6/MHz6mV1Q==</latexit>

4 kpc

<latexit sha1_base64="RPHWJmok+daguxxRxWb87LdkNbI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkYo8FLx4r2A9oQtlsp+3STbLsTsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8UElh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmyTVHFo8kYnuhsyAFDG0UKCErtLAolBCJ5zczv3OI2gjkvgBpwqCiI1iMRScoZX8mo/whBmdKD7rlytu1V2ArhMvJxWSo9kvf/mDhKcRxMglM6bnuQqDjGkUXMKs5KcGFOMTNoKepTGLwATZ4uYZvbDKgA4TbStGulB/T2QsMmYahbYzYjg2q95c/M/rpTisB5mIVYoQ8+WiYSopJnQeAB0IDRzl1BLGtbC3Uj5mmnG0MZVsCN7qy+ukfVX1atXr+1qlUc/jKJIzck4uiUduSIPckSZpEU4UeSav5M1JnRfn3flYthacfOaU/IHz+QPySJGb</latexit>
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Galactic 
Distance

Galactic distance:  

Column density: 

1022.5 cm�2

<latexit sha1_base64="OhtSQb3bMxPkfmAqI1KIbXQupJU=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEIXhxmQoI5Brx4jGAWyEZPpydp0j0zdNeIYRgv/ooXD4p49S+8+Td2loMmPih4vFdFVT0vElyD43xbmbX1jc2t7HZuZ3dv/yB/eNTQYawoq9NQhKrlEc0ED1gdOAjWihQj0hOs6Y2vp37zninNw+AOJhHrSjIMuM8pASP18yeu00uKRbucdoA9QIKpTHvJZTHt5wuO7cyAV4m7IAW0QK2f/+oMQhpLFgAVROu260TQTYgCTgVLc51Ys4jQMRmytqEBkUx3k9kHKT43ygD7oTIVAJ6pvycSIrWeSM90SgIjvexNxf+8dgx+pZvwIIqBBXS+yI8FhhBP48ADrhgFMTGEUMXNrZiOiCIUTGg5E4K7/PIqaRRtt2SXb0uFamURRxadojN0gVx0haroBtVQHVH0iJ7RK3qznqwX6936mLdmrMXMMfoD6/MHz6mV1Q==</latexit>

1� 8 kpc

<latexit sha1_base64="4KXq4fXhRf3fv2yBkBeT+xaiOEU=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBC8GHYlYo4BLx4jmAcka5iddJIhs7PLTK8alvyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6nvrNB9BGROoOxzH4IRso0RecoZXuvfNKB+EJUzqK+aRbKLoldwa6TLyMFEmGWrfw1elFPAlBIZfMmLbnxuinTKPgEib5TmIgZnzEBtC2VLEQjJ/Orp7QU6v0aD/SthTSmfp7ImWhMeMwsJ0hw6FZ9Kbif147wX7FT4WKEwTF54v6iaQY0WkEtCc0cJRjSxjXwt5K+ZBpxtEGlbcheIsvL5PGRckrly5vy8VqJYsjR47JCTkjHrkiVXJDaqROONHkmbySN+fReXHenY9564qTzRyRP3A+fwDVmpIR</latexit>
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Inside 
Clouds
Galactic distance:  

Column density: 

4 kpc

<latexit sha1_base64="RPHWJmok+daguxxRxWb87LdkNbI=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkYo8FLx4r2A9oQtlsp+3STbLsTsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8UElh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmyTVHFo8kYnuhsyAFDG0UKCErtLAolBCJ5zczv3OI2gjkvgBpwqCiI1iMRScoZX8mo/whBmdKD7rlytu1V2ArhMvJxWSo9kvf/mDhKcRxMglM6bnuQqDjGkUXMKs5KcGFOMTNoKepTGLwATZ4uYZvbDKgA4TbStGulB/T2QsMmYahbYzYjg2q95c/M/rpTisB5mIVYoQ8+WiYSopJnQeAB0IDRzl1BLGtbC3Uj5mmnG0MZVsCN7qy+ukfVX1atXr+1qlUc/jKJIzck4uiUduSIPckSZpEU4UeSav5M1JnRfn3flYthacfOaU/IHz+QPySJGb</latexit>

1022�23 cm�2

<latexit sha1_base64="jZdEz0fHQG3mVbVwGaV3psvAAHc=">AAACAnicbVDLSgNBEJz1GeNr1ZN4GQyCl4TdNWKOAS8eI5gHJJswO5kkQ2YfzPSKYVm8+CtePCji1a/w5t84SfagiQUNRVU33V1eJLgCy/o2VlbX1jc2c1v57Z3dvX3z4LChwlhSVqehCGXLI4oJHrA6cBCsFUlGfE+wpje+nvrNeyYVD4M7mETM9ckw4ANOCWipZx7bVjdxnKJzkXaAPUCCqZ92k6KT9syCVbJmwMvEzkgBZaj1zK9OP6SxzwKggijVtq0I3IRI4FSwNN+JFYsIHZMha2saEJ8pN5m9kOIzrfTxIJS6AsAz9fdEQnylJr6nO30CI7XoTcX/vHYMg4qb8CCKgQV0vmgQCwwhnuaB+1wyCmKiCaGS61sxHRFJKOjU8joEe/HlZdJwSna5dHlbLlQrWRw5dIJO0Tmy0RWqohtUQ3VE0SN6Rq/ozXgyXox342PeumJkM0foD4zPH0ERlg4=</latexit>
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Age 
Of  

Clouds

10 Myr older



Diagnostics
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Conclusions

• X-ray in an ancient accretion event could leave observable 
signs of abundance promotion for H2O, CH3OH and H2CO


• For molecular clouds closer to the galactic center (< 2 
kpc), gaseous abundances of H2O and H2CO in dense 
cores could exceed similar clouds farther away


• Evolved clouds do not show similar properties


• With submillimeter telescopes such as ALMA, we can 
conduct more archaeological studies of our galaxy in 
search of complex molecules
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