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Table I: Primary species

— H',He",He™, Li", Li"", Be”" dominant boundary species
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—  NeH"(v), ArH*(v), HeNe*(v)
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KINETIC MODEL: CHEMICAL NETWORK
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State-to-state chemistry HD (400 rovibrational levels)

HD(v, ) +
HD(v, ) +

o I

H* +
HD(v, j) +
HD(v, j) +

HD(v, j) +
HD(v, ) +

HD + H°

HD(v', ) +
HD(V', J') +

HD(V", J')
HD(V, |) (63)

£- (67)
e- (68)

hv (116)
hv (115)
(58)

H
He

H*+ HD - H2D+ + e-
(117) THE DEUTERIUM CHEMISTRY OF THE EARLY UNIVERSE
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Electron-cold molecular 1on reaction: Dissociative Recombination

HD" + e = H(n) + D(n’) + KER

HD" (2po )

Indirect process Direct process
\ }\Interference
- _-__1 Rydberg state
7+ (22+)
9
Kinetic
Energy
Release
H(1s)+D(21)
____________________________ D(1s)+H(21)
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H,"  HD* + e-

2019/06/06-Vienna—-IAEA-CM

18



The relevant
POTENTIAL ENERGY CURVES
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ATOMIC DATA AND NUCLEAR DATA TABLES 64, 253-277 (1996)
ARTICLE NO. 0023

RESONANCE PARAMETERS AND QUANTUM DEFECTS
FOR SUPEREXCITED H,

JONATHAN TENNYSON*

Institute for Theoretical Atomic and Molecular Physics
Harvard—Smithsonian Center for Astrophysics
60 Garden Street, Cambridge, Massachusetts 02138

The results of R-matrix calculations on electron collisions with H; are presented. These calculations
include the three lowest states of Hy (°Z;, X, and °I1,). Positions and widths of the Feshbach
resonances converging to both the *X,; and *IT, states are given, as are autoionization branching ratios
for resonances lying above the *X; state. Complex quantum defects, calculated by performing scattering
calculations above threshold, are presented for all three states considered. Results are tabulated for 12
symmetries ('Y, 'Zr, 'TL,, 'T1,, 'A,, 'A,, °2), 2y °I0,, °TL,, *A,, *A,) and 13 internuclear separa-
tions from 1 to 4 ay. © 1996 Academic Press, Inc.
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Electron/molecular cation reactive collisions

Quantum Interferences

CHANNEL interactions

r o

DIRECT re ‘
B

Dissociative state % : Dissociative excitation
do e o

o AB N AB*, |
|
¢ + AB* I A"+B r
\ . } lonisation |
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Zone de | R
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MULTICHANNEL QUANTUM DEFECT
THEORY (MQDT):
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“Very” Low Energy:
ROTATION and Vibration,
DISCRETE ro-vibrational spectrum,
“Fano”resonances,
maximum ACCURACY

2019/06/06-Vienna-IAEA_CM



\\\\\\
||||||||
[

FEEHTTTT

xxxxxxx
.....

~

N

e

\
1
|
1

[

—%
|

—

— o
(AQ) A310Ug

o\
—
I

|
[\
I

10 12 14 16 18 20
R (a.u)

8



|
/.
,,,,, v\
N A
\\ .
v .
! // ﬂf
e G
st N
| |
) <t —_—

(AQ) A310Ug

10 12 14 16 18 20
R (a.u)

8



PHYSICAL REVIEW A 90, 012706 (2014)

Rotational transitions induced by collisions of HD* ions with low-energy electrons

O. Motapon,'* N. Pop,? F. Argoubi,* J. Zs Mezei,>>® M. D. Epee Epee,' A. Faure,” M. Telmini,*
J. Tennyson,® and I. F. Schneider?>
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Figure 3. DR cross sections of HD* initially in one of its lowest rotational level N* (vibrational
ground state).
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How important is the
target excitation ?
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FIG. 9. (Color online) Maxwell isotropic rate coefficients for the
dissociative recombination HD* (X 22*) with v = ( as a function
of initial rotational level, N;" = 0 to 10,
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How important are the
RESONANCES ?

How important are the
ROTATIONAL effects ?
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Focus on ISOTOPIC effects
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“Moderately” Low Energy:
“NO rotation”,
DISCRETE vibrational spectrum,
“Fano” RESONANCES
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High Energy:

“NO rotation”,
DISCRETE & CONTINUUM
vibrational spectrum,
NO “Fano” RESONANCES
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High Energy:
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ABSTRACT

The competition between dissociative recombination, vibrational excitation, and dissociative exci-
tation of Hj molecular cations in electron-impact collisions is discussed within the formalism of the

Multichannel Quantum Defect Theory...
. ____________________________________________________________________________________________________________________________________________________________|]
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Energy levels of HD+ rescaled to the lowest
* The energy in (cm-1) is measured against the ion dISSOCIa on limit

Crt. No.

CQoOoO~NOOO S WN P

[N -
HE O WNFOODODODYNOOLESE WN = O o

[

-
WNPFPFODODWDODN~NOOFFOM

v+

NN NN PO OFFOFFFPOFFPEPPFPOOODODODODODODOO

*energy(cm-1)

-21515.56

-21471.7
-21384.27
-21253.75
-21080.96
-20866.86
-20612.67
-20319.79
-19989.82
-19624.47
-19602.72
-19560.89
-19477.44

-19352.9
-19225.58
-19188.01
-18983.74
-18795.07
-18741.23
-18461.87
-18334.99
-18147.15
-17847.37
-17798.76
-17786.24
-17746.31
-17666.78
-17548.03

* @ LOW energy

** The energy in (eV) is measured against the fundamental level (N+ = 0, v+ = 0) F |acob & N Pop

** energy (eV)

0.00E+00
5.44E-03
1.63E-02
3.25E-02
5.39E-02
8.04E-02
1.12E-01
148E-01
1.89E-01
2.34E-01
2.37E-01
242E-01
2.53E-01
2.68E-01
2.84E-01
2.89E-01
3.14E-01
3.37E-01
3.44E-01
3.79E-01
3.94E-01
4.18E-01
4.55E-01
461E-01
4.62E-01
467E-01
4.77E-01
4.92E-01

cm-1to eV
0.000123985
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Cross section (cm?)
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Need of NEW molecular structure data

? Jonathan

? M. Telmini, Ch. Jungen, Zsolt
PhD @ Tunis & Le Havre, 2019-...
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Branching Ratios
NOT very precise with MQDT
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And ...
the “experimental “
FUTURE
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