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Planetary Nebulae

» Gaseous envelopes ejected by
low- and intermediate- mass
stars in their advanced
evolutionary stages

* Major sources of C, N and
$= process elements in the
Universe

* Idea laboratories to study
astrophysical plasmas
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Plasma edge/divertor region

HELI R IEAL

ITER: Furnace chamber:
@15m 6.8mhigh 53T 15MA 500 MW 38 min
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Atomic and molecular processes in edge/divertor
plasma regions

e Plasma compositions: (T ~ 0.5 -100 eV)

- e! p1 H! H21 H2+1 H3+’ H_l
- neutral and low-g atomic impurities (Be, C, B, N, W);

- molecular impurities and their singly charged ions (BeH,
BeH,, BH, BH,, CH ..... C;H8, N,)

*** Molecular species are vibrationally excited!!
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e + He— He ™ +3e

Coincident (e,2e) measurement
e+H-H*+e+e

H. Ehrhardt, Freiburg 1969

A. Duguet et al
Rev. Sci. Instrum. 69 (1998) 3524.
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reaction microscopes COLTRIMS

»
gas jet
ion detector
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J. Ullrich et al., Rep. Prog. Phys. 66, 1463 (2003).
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e+ He(1s®) > He*(1s) +e+e
e+ He(ls®) > He™ +e+e+e

(a)

Phys. Rev. Lett. 96, 243202 (2006)
Nature 422, 48 (2003)
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X. Ren, T. Pfluger, S. Xu, et al., Phys. Rev. Lett. 109, 123202 (2012).
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e+H(@0s) > H +e+e  FEL—fkn#

Bray and Stelbovics

Phys. Rev. Lett. 70, 746 (1993)
Phys. Rev. Lett. 70, 746 (1993)

Convergent Close-Coupling

Rescigno and McCurdy
Science 286, 2474 (1999)

Exterior complex scaling (ECS)
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J. Chem. Phys. 134, 174304 (2011)
i M3DW, MBBK, MDW
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Non-perturbative methods

converge close-coupling (CCC) method

time-dependent close-coupling (TDCC) method
exterior complex scaling (ECS) method

B-spline R-matrix approach

Perturbative methods

molecular three-body distorted-wave (M3DW) method

+ orientation averaged molecular orbital (OAMO) approximation
+ a proper average over all molecular orientations

Brauner, Briggs, and Klar (BBK) model

complex Kohn treatment

Generalized Sturmian functions approach
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Multicenter distorted-wave (MCDW)
Multicenter distorted-wave Born Approximation (MC-DWBA)

Song Bin Zhang et al. , Phys. Rev. A 89.052711(2014).
Xingyu Li et al. , Phys. Rev. A 95, 012703 (2017).
Maomao Gong et al., Phys. Rev. A 96, 042703 (2017).

Maomao Gong et al., J. Phys. B (2018) online.
Xiaojie Xu et al., J. Chem. Phys. (2018) in press.

Dr. SongBin Zhang
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formic acid (HCOOH)
Xingyu Li et al. , Phys. Rev. A 95, 012703 (2017).

B3LYP/TZVP
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42, 235207 (2009).
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Tetrahydrofuran (THF) Xiaojie Xu et al., J. Chem. Phys. (2018) in press

Tetrahydrofuran
0
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(unpublished)

(b) OAMO
. / b) Expt.

1b, + 3a, of H,O

XG Ren et al, Phys. Rev. A 95, 022701 (2017)
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