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MCCC method Scattering on the ground electronic state

e MCCC database: mccc-db.org

The Molecular Convergent Close-Coupling (MCCC) method is an ab-initio MCCC calculations have been performed for scattering on all bound vibrational levels of the
method for calculations of electron- and positron-scattering on molecules. X 13 state of Hy, Dy, T,, HD, HT, and DT. We have considered excitation of all bound vibrational
At present the method has been applied to the H,*and H, molecules, with levels and dissociative excitation of the B15,}, EF 'S, C I, , B' 15}, GK 1S, 1M, J 1A,
t?:n%zr;egglliﬁg?qr;;? ;rtlfjl’rc;ary quasi one- and two-electron diatomics H 1Zg+, b35t, a 3Zg+, 31, e35F, h 3Zg+, d31L,, g 3Zg+, g 3Zg+, i 3Hg, and j 3Ag states,
P ' representing all states with n = 2—3 in the atomic limit. The number of transitions is in excess of
convergence studies to verify the accuracy of the calculated cross
sections. i T T T T T T T T T gy Lo ] Cross sections are available as numerical

| | | | o \ AN | values or analytic fits from:
At a fixed internuclear distance, the total scattering wave function is | 010 | ;77w -
expanded in terms of the asymptotic channels of the scattering Hamiltonian: S IR |« Atom. Data Nucl. Data Tables [6-7]
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where {®Y}_ is a set of target (pseudo)states. The projectile wave function _.

IS expanded in partial waves up to a maximum angular momentum L., and
the scattering-system Schrodinger equation is transformed into a set of
coupled Lippmann-Schwinger equations for the partial-wave T matrix:
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« HCDB database: db-amdis.org/hcdb
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Once partial-wave scattering amplitudes are obtained from the T matrix over - Vi=0 —— . vi=1 —— . Vi=2 —— h a3z and c 311, states of H, for electrons scattering
. . . . . — - - - Ve= - - - - Ve= _—_— - athare
a range of internuclear distances R, and vibrational wave functions Vn,, are ‘i f f others on the bound levels of the X 1z state.
calculated, vibrationally-resolved cross sections are obtained using the 010 ——————F 77— 00—
adiabatic-nuclei approximation: | S e
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In all MCCC calculations, convergence is verified with respect to the S : :
number of target states N and size of the partial-wave expansion L,,. The 0 _ _
partial-wave convergence is accelerated with the use of the Analytical Born 4 004 o\ 0.04 1
Completion (ABC) method, which is important for dipole-allowed o
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transitions, particularly those will small excitation thresholds. S oopl  ie ) 002 |
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The MCCC method has been developed in prolate spheroidal coordinates = / o
which allows accurate structure calculations to be performed at all 0.00 bo—eali e 2 = ] (.00 i T e T
0 20 40 60 80 100 0 20 40 60 80 100

internuclear separations relevant to the scattering calculations.
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10l vibrational wave functions in the ground - - -
| Scattering on excited electronic states
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X Convergence studies for scattering on the n = 2 states (c °I1,, a°%;, B'X,f, C ‘I, and EF 'X )
-1.2 ' ' ' ' ' ' ' have been performed at the fixed internuclear separation R = 2.0 a,. Adiabatic-nuclel
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calculations have been performed for scattering on the v;= 0 level of each state, including
elastic, superelastic, excitation, ionisation, and grand-total cross sections [8].

A0 [ e e e e
o : c3Hu(v=0)ee32j:_— MCCCAN —— || ¢
ISOtOpIC effeCts Convergence was established for all transitions ol |} [UKAMok =20 —— |

- with N = 210 target states, however the partial- ; 1l 6

40 77T o — e wave convergence was found to be much slower 20 ]| .
i 1 1 - . : : |
| B ZJ ) x‘zg’*(v= 0) » b3s}|] than for scattering on the ground electronic [

3.0 [ ’ b = ‘ state. Even with Analytic Born Completion many 10 1f: 2

i ] 15| dipole-allowed transitions required L., = 20. ;

o : : 0 °
& 2.0 | - | | | P - 20
“— i ] ; Below and Right: Cross sections for scattering on the ¢ 3I1,,(v; = 0) s 14r
8 - . 1.0 F— state of H,. Comparison is made with the recent UKRMol+ calculations 2 12 F |
= 1.0 B ] [8], Schwinger Multichannel (SMC) calculations [9], and Impact- E] ok 110
=} I ] Parameter (IP) calculations [10]. In addition to the adiabatic-nuclei S i
- - . 05 i results, fixed-nuclei (R = 2.0) MCCC cross sections are presented usinga § 8 1 10
._g 0.0 4 | | | | N R - smaller partial-wave expansion (L, ., = 6) and without the Analytic Born ; 6 [ ]

8 ' _: — | —_ | —_ | — :_ Completion method for comparison with the UKRMol+ calculations. o i
(7)) - BI 12 + - | 8 4 [ 5
4 03 [~ Do T 8108 [THeGE A3 [ ey 52
g - - 8 12 16 20 510 3 T Tmax e T ¢, (v=0)—-Cc'm,] a0 £ ot 0
S I | Incident energy (eV) 2 F FBA — I B R ————.—~
% 0.2 B ] Above: Small isotopic effects for scattering on 510% E _ UKRMol\|/I+CgS g‘g i 25 [ MCCC R=2.0 Ly =6 ------ _
S - - the ground (electronic and vibrational) state to S L : . L o3 (v=0) o3 [ 1 20
2 i i the dissociative b 3%,/ state are seen only at S, o f ] 20 %, urte “Ar :
= 01 _ near-threshold energies. $10° F N :
. A 20 5| _
I ] 3 3 ' : 5 1 20
i ] Left: Cross sections for total excitation (summed o100 E ok
- . over final vibrational levels) and dissociative k5 : 1 10 [ .
0.0 b . T excitation of the B 1>} and B’ 13} states of each © 3 ] 5 ) 1 10
0 1 5 3 4 5 isotopologues as a function of the initial & 3 I }
vibrational state energy (relative to the ground- £ 0 01' "'1 — 10 ' "'1"000 oL | R RN
Initial vibrational state energy (eV) state equilibrium energy) at 40 eV. ' Incident energy (eV) 1 1 10 100 1000

Incident energy (eV)



https://mccc-db.org/
https://db-amdis.org/hcdb/

