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1. In the interstellar medium (ISM), 1n cool stellar and in various
planetary atmospheres, astronomers extensively observe and identity
different atoms and molecules.

2. These molecules are detected through emission and adsorption of
electromagnetic radiation.

3. The radiation and its interpretation provide astronomers with valuable
information about astronomical objects.
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1. In order to obtain correct interpretation of different physical and chemical
processes 1n the areas of interest in ISM 1t 1s important to know: cross
sections and thermal rate coefficients of all microscopical processes 1n
the population of emitting and adsorbing atoms and molecules.

Aup(T') = ny,(H2)nj,(HD) X k;

J1J2—7175

(T) X hl/szé

o = Aup(T) — Aup(Tom), T < 100 K
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Few - Body Atomic Collisions

1.H+ H,(v,j) - H,(v,j)+ H
2.H+ HD(v,j) - HD(v',j) + H PES for H.,.

3. He + H,(v,j) = H,(v,j) + He
4. He + HD(v, j) —» HD(v/, j)) + He PES for He + H,.

5) H2(V19j1) 1 HZ(V29j2) — HZ(Via.]i) 1 HZ(Véa.]é)
6) H,(v,,j;) + HD(v,,j,) = H,(v;,j;) + HD(v5,j5) PES for H, — H, or H,.

7. Water: H,0O + H,; H,O + HD; HDO + H, at 2K - 1000K.
8. 3-Body Recombination: H-+ H+ H — H, + H.
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Fig. 1. 4-body coordinates for the Ho —Ha system used 1 this work.

V(719 729 F)) — V(rla 919 1"2, 929 Ra ¢2) — V(Hla 929 R9 ¢2)
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A Pure Quantum-Mechanical Approach:
rigid rotor model

(Hy + V (71,7, R) — EYU(1,7, R) = 0

P ﬁ L»f-l L'?f; ? y [ = B - % -y
N/ + . 9 + 9 9 + "/ (_7’1, ‘7‘2’ R) — E \Il(rl\ r‘z‘ R) — O
2Mi2  2u 1Ty 2H2T)

Mo = 2mp(mp + mq) /(3mu, + ma)

[y = my /21y = mymg/(my + my)
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(% = % +k ) UM (R) = 2M; Z / < o2 (7, 7y, R)

Vi{ry, |wm (71, T, R) > UC{,M('R)(l'fld'ﬁng

o = (J1Ja)nl)
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COST) =

SIn 7 =

RY+ R; —x

2R5R3

Ré SIn 91
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1 = arccos(cos 01 cosn + sin 61 sinn),
, = arccos(cos 03 cosn + sin fs sin 7 cos P»),
cot 01 sinn
SN @2 ) |

(Do = ArCCOS (cot Pa cOs M +
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RESULTS

HD + ortho-H, , HD + para-H, , H, + H,
Original H,-H, PESs: DJ (2000), BMKP (2002), R. Hinde (2008).
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RECENT RESULTS: HD + Ho, H2 + Ho
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HD (j=1) + para - H2 (J2=0): (10) - (00)
with BMKP PES (CPL 436 (2007) 19-24).

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

100 —

(10)-(00)

0 1000 2000 3000 4000 5000 6000
v [m/s]

RAS, EFB25, Mainz, German y



12}
o N°3 ROTATIONAL INTEGRAL CROSS SECTIONS 1121
ot
Egji Tty T T T T T T T
. 0 l
! — 100¢
Vo I .
E I
o -
ek -
(S m 10
¢
o 1 1,0- 0,0 o -
- ‘ & — & =
(&)
L 1 —:::L
n -
q
un .
m -
O A
- A ‘/d‘o T::’-
~ 3 —— =
— : 1
3 + -
— +
00 =
@ =
- T
- N
— + -
0,2- 2,0
001 X 4
g by b b peees boga g Jorapenaa by
1000 2000 3000 4000 5000 6000
v (m/s)

FIGURE 6. Calculated de-excitation cross sections of HD-H2 for transitions from jyp, jijp = 1, 0and 0,2 The extra points on the curves
are test results obtained from extended basis sets as explained in the text.
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HD + HD Collision

Cross Section o,; / 1071 (cm?)

 Johnson et al. [34] (experiment)
X § . 102 ] . Johnson et al. [34] (theory)
(2) | ]2 D) | s Thiis work, BMKP
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X ( 3) 10 103
D ‘ Collision Velocity v (m/'s)
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HT+HT and DT + DT Collisions
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Elastic / Inelastic Scattering
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DT + DT Elastic / Inelastic Scattering
(calculations in progress...so far)
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Thank You for Your Time & Attention!

e PLEASE LET ME KNOW IF YOU HAVE QUESTIONS!
* Thank you very much!

e EMAIL #1: rsultanov@odessa.edu
e EMAIL #2: r.sultanov2@yahoo.com
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