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Abstract How is it works ? For one of J=25 resonances

At present time, the fact of existence of the long-lived H, ions is experimentally proved
(see for ex. [3]). In spite of the fact that there are some discrepancies between the theory
and the experiment [2], nonlocal resonant model (NRM) calculations, based fully on ab e_ -+ H (0) — e_ + H (1)
initio data successfully explain stability of such ions by their rotation with large angular 2 2

momentum (J ~ 25). NRM calculations are used here to obtain the cross sections of
creation of such ions in H,+e and H+ H  collisions. The object of present study
could be formulated as follows: 4r
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To obtain the cross sections for creation of hydrogen long-lived negative ions H, in 3t
H,+e and H+H  collisions using NRM calculations of the cross sections for
the H) +e” — H) +e  and H)+e — H™ + H processes. V
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The formation of the intermediate metastable state /7, shows itself as narrow (~ 10° — 05 - : 5 5 . : 5 0.04 - - - - - e , , .
10°® eV) peak in the cross sections for the elastic scattering, vibrational excitation and Energy (eV) 99 04 041 Ener%';‘%ev) 043 044 045 0.438525 0'438555Energy V) 0.438585 0.438615
dissociative attachment. The behavior of the cross section curves close to the resonance

could be described with multi-channel Fano formula (see further). This formula reduces

description of a resonance to few parameters with defined physical meaning. When

these parameters are determined by fitting the background term could be removed to
obtain a cross section for H, creation process. It also gives data about resonance

lifetime (through the width I'). The plan for the analysis of the cross sections close to g
the resonance will be following: ‘ ' ' 13
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e to find resonance peak at the scattering cross section (it should present in all 921 E, =W,=-0.548 eV
opened channels)
e to fit available resonance with Fano formula and determine its lifetime and

amplitude v osl | "l '
e to use properties of S-matrix to obtain data about all other possible scattering 7 ol |
channels (for example we haven’t got data about associative detachment channel) 861 ] H. bound

e to extract the background and the sum through output channels to obtain the 0.43851 0.43855 04389 043863 SIENEE
desired anion-creation cross sections J25R3 A A
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This procedure is performed for 6 resonances (J=25, 26 and 27) with the largest | |
lifetimes (best objects for observation). 18}
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Multichanel scattering matrix S(E) close to the simple pole E=E,—iI/2 (which 0.10966 01097 010974 010978
corresponds to the resonance in complex plane) could be presented as (see [4])
A - (0) =
§=é— iC e +H2 —H+H €_+H2(1)—)H+H_
E—ER+Z'F/2' 16 ' ' o] 14 : r
Matrix B here represent background (second term goes to zero while E goes to infinity), ol
and C is a substitution matrix. Multichannel scattering amplitude is connected with S- Ll |
matrix through (the thirst index denotes input channel, the second - output) | n b e @ G o
£ = Sun 0w . E, =W, =-1.176 eV ‘I
“2idp.p, o}
where we use channel impulse concept p, =+2m,(E-W,), E — full energy and W,, - Dip - i
threshold energy of the channel a. Using new notation 4,, =i(,, -3,, ) it can be rewritten 2r
in the following form ’ . . . 0
0.438514 0.438544 0.438574 0.438604 15 0.1.097 0.1(.)973 0_1(.)976
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This quantity is related to the scattering cross section through the well known formula H g +e > H, H +H—>H,
from scattering theory (it 1s integrated through angular variables) Fitting 2 - - (J25|IQ3) ; ; ; (J2'5 R3)
.. =4n &\f, \2 ~ , Ll o =128214 |
a'o aa| . ' =0.1555¢e-6 G . =1.6946 4 T =0.00015 s . 7 =0.00015 ps
We also assume, that the matrix D could, in general, be imaginary d,, =d., +id,,, 0.2375e-8 | 0.3344e-8 | 1.9018e-8 i
while matrix C is supposed to be real in this work. The resulting formula reads C=10.3347e-8 | 0.4694¢-8 | 2.6667¢-8 e, i
? ? ? _n e
O (E-E,)*+T?%/4 Lr [=4.2533-10°eV i [=4.2533-10° eV
Calculating 06 |
o=@ Y+ @, ) + €2, ) +2E-E, )(dgaCfg)—T(diraCfu) \/ v, = 0.4873¢-4 ¢y =1.9014¢-8 ol
2m, E (E—E) +T7/4 ’ v,=0.6851e-4 Cpy =2.6733e-8 03T
Y, =0.3902¢-3 cpp =0.1523e-8
v +7v, +v, = 0.1593¢-6 ~T © =0.00015 ps _ : . . . _ : . _
0.438538 0.438558 0.438578 0.438598 0.020201 0.020221 0.020241 0.020261
where m, i1s a reduced mass in the initial channel.
Substitution matrix C is unitary and supposed to be non degenerate, i.e. it’s rang is
equal to 1. Together with time-inverse symmetry it leads to some important properties
(see ref. [4]):
Ca’a = ’Y(x"Ya
o =T
2 Results
The first one is called substitution factorization. T, =\ya\2 is called partial gamma of
resonance for channel a. Some valuable for further conclusions could be summarized: 0 — — — —
f, +e — H, H +H—>H,
e Fano formula predicts for each resonance that it will appear in all opened 160 | | | | ' 1.4 ' ' ' ' ' ' ' '
scattering channels V T=0.25913 us T=0.00015 us
e All this resonances will have the same width, but different amplitudes and Fano- 140 F - 1oL T =0.00037 us |
shapes '
e S-matrix and its substitutions matrix are symmetrical
120 8 T=0.00211 us
1 - —
<100 L ] o T=0.00322 us
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Conclusions

« we analysed the shapes of peaks in cross sections for vibrational excitation and dissociative attachment to rotationally excited
molecules,

- in particular we found partial decay widths for the metastable H, states to H+H and various H,+e” channels,
- and we determined the cross sections for the creation of the ions in both H+H and H,+e™ collisions,

 since the parameters for different processes are not independent, the analysis can also serve as the cross check among calcullations of
cross sections for various processes.
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