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(Qi et al. 2013) 

Anti-correlation of CO and N2H+	

CO + N2H+ à HCO+ + N2	

CO snow line	

★But, the sublimation temperature of N2 and CO are similar. 
à Why is N2H+ abundant outside CO (N2) snow line？	

TW Hya	

è N2H+ ring as a probe of CO snow line	

N2H+ ring	



This Work	

1. Numerical calculation of disk chemistry 
 
2. Derive analytical formulae of  N2H+, HCO+, H3

+ abundances 
   à Good agreement with numerical calculation 
 
3. Dependence on ionization rate 



Numerical calculation of disk chemistry	
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◆ T	  Tauri	  Disk	  model	  	  
	  	  	  	  (Nomura	  et	  al.	  2005;	  2007)	  
	  	  	  	  	  	  	  	  	  -‐	  Mdisk=0.017Msun	  
	  	  	  	  	  	  	  	  	  -‐	  T*=4000	  K	  
	  	  	  	  	  	  	  	  	  -‐	  LX=1030	  erg	  s-‐1	  
	  	  	  	  	  	  	  	  	  -‐	  LUV=1031	  erg	  s-‐1	  

◆ Chemical	  model	  	  (Furuya	  &YA	  2014	  )	  
	  	  	  	  	  	  -‐	  	  Gas	  +	  Grain-‐surface	  reac^ons	  
	  	  	  	  	  	  -‐	  	  shielding	  of	  H2,	  HD,	  CO	  and	  N2	  
	  	  	  	  	  	  -‐	  	  Ioniza^on	  	  	  	  	  X-‐ray	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  cosmic-‐ray	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  radio-‐ac^ve	  
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Numerical calculation of disk chemistry	
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Numerical calculation of disk chemistry	

R	  [AU]	

CO	  is	  depleted	  at	  T	  >	  Tsub	  
∵conversion	  to	  less	  vola^le	  species	  
	  (Aikawa	  et	  al	  1997;	  Favre	  et	  al	  2013；Furuya	  ＆Aikawa	  2014)	  

⇒ N2H+	  is	  the	  major	  ion	

CO	  is	  sublimated	  to	  destroy	  	  N2H+	

Co
lu
m
n	  
De

ns
ity

	  [c
m

-‐2
]	

CO	  ×10-‐7	

N2H+	  ring!	

N2H+	

1e+10	

1e+15	

1e+14	

1e+13	

1e+12	

1e+11	

0	 300	100	 200	
R	  [AU]	

CO  snow  line

CO  snow  line



R	  [AU]	

CO  sn
ow  sur

face

CO	

Z/
R	

N2H+	

N2  snow  su
rface

Z/
R	

Numerical calculation of disk chemistry	

R	  [AU]	

CO	  is	  sublimated	  to	  destroy	  	  N2H+	

#	  N2H+	  is	  abundant	  outside	  the	  CO	  snow	  line	  
	  	  	  due	  to	  chem	  conv	  of	  CO	  
	  
#	  BUT,	  chem	  conv	  depends	  on	  	  
	  	  	  	  	  	  	  ioniza^on	  rate	  
	  	  	  	  	  	  	  rates	  of	  grain	  surface	  reac^ons	  
	  	  	  	  	  	  	  turbulence	  
	  
#	  No	  N2H+	  ring	  w/o	  chem	  conv	  of	  CO?	  
#	  need	  more	  simple	  &	  robust	  calcula^on	  
	  	  	  	  	  to	  evaluate	  N2H+	  distribu^on?	

CO  snow  line

CO	  is	  depleted	  at	  T	  >	  Tsub	  
∵conversion	  to	  less	  vola^le	  species	  
	  (Aikawa	  et	  al	  1997;	  Favre	  et	  al	  2013；Furuya	  ＆Aikawa	  2014)	  

⇒ N2H+	  is	  the	  major	  ion	



Analy^cal	  Formulas	
Density, Temperature, ionization rate, CO&N2 abundances 
 ⇒ N2H+, HCO+, H3

+, e abundances	
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Analy^cal	  Formulas	
Density, Temperature, ionization rate, CO&N2 abundances 
 ⇒ N2H+, HCO+, H3

+, e abundances	

ex	

Analytical formulas agree well with the  full network results. 

R	  [AU]	

full	  chemical	  network	  	 analy=cal	  formula	  	
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Analy^cal	  Model	
If CO and N2 abundances (gas + ice) are constant	

N2H+ abundance is maximized when x(CO)/x(e)~ 3000	

Adsorp^on	  onto	  grains	
Desorp^on	

CO	

N2	

N2H+	

electron	

n(
i)	  
/n

H	

Temperature	  [K]	

Edes(CO)=Edes(N2)	  
nH=108cm-‐3	

)CO(
)N(

)CO(
)N()H(

)CO()e(
)N()H()HN(

2
2

3

231

32

231
2

x
x

xk
xxk

xkxk
xxkx

∝≈

+
=

+

+
+
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Analy^cal	  Model	
If CO and N2 abundances (gas + ice) are constant	
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Dependence on ionization rate	

Ionization source in disk: 
   X-ray 
   Cosmic Ray 
   radioactive nuclei	

Cosmic  ray  is  the  dominant  ionization
source  in  the  midplane,  but  could  be  
scattered  by  stellar  winds.
(Glassgold  et  al.  1997;  Aikawa  et  al.  1999;  Cleevs  et  al.  2014)

cf  TW Hya (Qi et al. 2013)	
N2H+ column at the ring inner edge 
~ 4x1012 – 2x1015 cm-2 
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Without cosmic-ray, N2H+ column 
declines by  ~100 



Summary	

1.  Numerical calculation of disk chemistry 
           - Outside the CO snow line, N2H+ is abundant 
             in layers with CO conversion to less volatile species  
 
2. Derive analytical formulae of  N2H+, HCO+, H3

+ abundances 
           - Good agreement with numerical calculation 
           - N2H+ abundance is maximized when CO/e ~3000 
 
3. Dependence on ionization rate 
           - N2H+ column density declines by ~100 w/o cosmic-ray 


