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– “Classical masers”: OH, H2O, SiO
– *,�,56367

CH3OH, HCN, HCOH, recombination lines
• &.�(��,��,"

– radiative pumping,  collisional pumping
– �1�0-&.�(��%��)/8
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• ����1 	:&��1	 	'~109�

– ����; H, He, (Li)13
– ���!.1��
�

• C: ��"�(M*<1.8 Msun) 
• F, O, N, Ne, Mg: ��"�(1.8 Msun ≦ M*≦10 Msun)
• Si, Mn, Co, Fe, Au,…: ��"�(M*>10 Msun)

Harwig
ARA&A, 43, 435
(2005)

����
���2%����
.29:7:��2��.*/(

��)41

�"��
1��30
�),-(5



���#-0�/��)��
• �!�*&(>1000K)��9�/"�(Si, Fe����8
• �!�*�( (<10K)��9H2, He�8
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(habitable zone)

Wikipedia 23
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Harwig
ARA&A, 43, 435
(2005)

Suzuki et al. (1992)

Nomura (2008) (!"��)	)'�(�?
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– 1.6 GHz
– 6.0 GHz
– 13.4 GHz



Classical masers: H2O
• H2O0������

– J: total angular momentum
– K-, K+ : 

angular momentum projected on two molecular axes 
• ���/%'7 ��EΔJ=0, #1
• ���/%$+�&!95.$D�0���

– ortho-H2O (K-, K+)=(��,��C or (��,��C: �=?A�1
– para-H2O (K-, K+)=(��,��C or (��,��C: �=?A�0

• 	���463)*,"$;>@<B��/%'7��E
	���/4*+12,:-��(8.$ (J>40
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Deguchi (1977) 
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Classical masers: H2O
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Classical masers: SiO
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• ��$/�% (radiative pumping)
– ��.,$/�%-��4���*)5#��


– ��"1, �-(����(,5��#��

SiO(?), OH, CH3OH

• ��$/�% (collisional pumping)
– ��.,$/�%-(����(,5��#��

– ��"1, �-��4���*)5#��


SiO(?), H2O (continuous shock or C-shock)
• ��$/�% (chemical pumping)

– ���!&3'��,�	�+02$/�%

H2O (jumping shock or J-shock, X-ray)



Pump term
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Collisional pumping Radiative pumping



���!��(collisional pumping)
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��%2�&(radiative pumping)

�	���/��*6H2O/OH;<:<0�� 
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ν(H2O)≈2.2�1010Hz, ν(OH)≈1.6�109Hz
ν(p) ≈3x1013Hz(10μm for H2O), 1x1013Hz (30μm for OH)
L*~1000Lsun, Lp~ L*(Δνp/νp) ~L*(Δνm/νm) ≈ 10-6L*
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• Maser luminosity ]���^:

– �*EX[\Q�(B6ORWZT\%G��
– �(:POX[\G3>DP=8G��5

Y\U\��IC��:PO`

e.g. /!'� H2OY\U\G��_ ��"5�@
.RWZT\B;4�*EX[\5�(:PE2

⇨ )&�,BE8PHEME2
⇨ ��SV"G.RWZT\5D3K?A�0G��G
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• Maser luminosity @� �
A:
– ����.529<>:?���0���
-

�	&+=?;?��4�
'61(

– �����
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Δt<R/c: ����0���"�6
Δt~R/cs>>R/c: ����0���"�6
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• Maser morphology+velocity field 
(spatio-kinematics):

– gj^j_d`a,>0=X��m��P#�
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– .�kn(;��!!lgj^j6+P��2 [�SC<
– $(6+k"%��le`cLP:OZFU�/

ALMA (Atacama Large Millimeter and sub-millimeter Array)
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