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Case	study:	SH+	

Discovery:	Benz	et	al	(2010)	

Abundances	

Forma4on	and	destruc4on	routes	
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MQDT:	molecular	data	

0 1 2 3 4 5 6
R (Å)

0
0.01
0.02
0.03
0.04
0.05
0.06

co
up

lin
g 

(a
.u

1/
2 ) R1-D1

R1-D2

R2-D1

R2-D2

R1-R2

1 2 3 4 5 6 7 8
R (Å)

-400.2

-400

-399.8

-399.6

-399.4

-399.2

-399

-398.8

E
ne

rg
y 

(a
.u

)

0 1 2 3 4 5 6
R (Å)

0.2

0.4

0.6

0.8

qu
an

tu
m

 d
ef

ec
t

R1

R2

C1: S
+
(
4
S

o
)+H(1s)

D2: S(
3
P)+H(1s)

C2: S
+
(
2
D)+H(1s)SH

+ 1
∆

SH
** 2

Π

D1: S(
1
D)+H(1s)

SH
+ 3

Σ
−

× 0.5

SH+	

SH**	
SH*	

GAMESS	+	Block	diagonaliza@on	method	(Kashinki,	Hickman,	Talbi)	



MQDT:	The	formalism	

0 1 2 3 4 5 6
R (Å)

0
0.01
0.02
0.03
0.04
0.05
0.06

co
up

lin
g 

(a
.u

1/
2 ) R1-D1

R1-D2

R2-D1

R2-D2

R1-R2

1 2 3 4 5 6 7 8
R (Å)

-400.2

-400

-399.8

-399.6

-399.4

-399.2

-399

-398.8

E
ne

rg
y 

(a
.u

)

0 1 2 3 4 5 6
R (Å)

0.2

0.4

0.6

0.8

qu
an

tu
m

 d
ef

ec
t

R1

R2

C1: S
+
(
4
S

o
)+H(1s)

D2: S(
3
P)+H(1s)

C2: S
+
(
2
D)+H(1s)SH

+ 1
∆

SH
** 2

Π

D1: S(
1
D)+H(1s)

SH
+ 3

Σ
−

× 0.5

SH+	

SH**	
SH*	

1.	



MQDT:	The	formalism	

0 1 2 3 4 5 6
R (Å)

0
0.01
0.02
0.03
0.04
0.05
0.06

co
up

lin
g 

(a
.u

1/
2 ) R1-D1

R1-D2

R2-D1

R2-D2

R1-R2

1 2 3 4 5 6 7 8
R (Å)

-400.2

-400

-399.8

-399.6

-399.4

-399.2

-399

-398.8

E
ne

rg
y 

(a
.u

)

0 1 2 3 4 5 6
R (Å)

0.2

0.4

0.6

0.8

qu
an

tu
m

 d
ef

ec
t

R1

R2

C1: S
+
(
4
S

o
)+H(1s)

D2: S(
3
P)+H(1s)

C2: S
+
(
2
D)+H(1s)SH

+ 1
∆

SH
** 2

Π

D1: S(
1
D)+H(1s)

SH
+ 3

Σ
−

× 0.5

SH+	

SH**	
SH*	

2.	

Lippman-Schwinger	
equa4on	



MQDT:	The	formalism	

0 1 2 3 4 5 6
R (Å)

0
0.01
0.02
0.03
0.04
0.05
0.06

co
up

lin
g 

(a
.u

1/
2 ) R1-D1

R1-D2

R2-D1

R2-D2

R1-R2

1 2 3 4 5 6 7 8
R (Å)

-400.2

-400

-399.8

-399.6

-399.4

-399.2

-399

-398.8

E
ne

rg
y 

(a
.u

)

0 1 2 3 4 5 6
R (Å)

0.2

0.4

0.6

0.8

qu
an

tu
m

 d
ef

ec
t

R1

R2

C1: S
+
(
4
S

o
)+H(1s)

D2: S(
3
P)+H(1s)

C2: S
+
(
2
D)+H(1s)SH

+ 1
∆

SH
** 2

Π

D1: S(
1
D)+H(1s)

SH
+ 3

Σ
−

× 0.5

SH+	

SH**	
SH*	

3.	The	reac4on	zone		
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“o”	:		open	channels		
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Results: The most abundent molecule 

H2 



2. Activités  de recherches 

ANR: Faure & Tennyson MNRAS (2001) 

Results: The most abundant molecule  
@ low temperatures 

Ø  Rotational excitation Ø  Dissociative recombination 

and	its	isotopoloques	
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Results: The most abundant molecule  
@ medium temperatures 
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Results: The most abundant molecule  
@ high temperatures 

in	progress	for	its	isotopoloques	
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Results:	Molecules	in	fusion	experiments	



Results: CH+  
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Results: CH+  
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Conclusions	

•  MQDT:	state-to-state	calcula@ons	
	
•  Temporary	captures	into	super-
excited	states:	HUGE	RESONANT	
EFFECTS		

	
•  Data	needs:	di-	and	poly-atomics	
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