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Plan for today

Physics of Swarms definitions
Swarm experiments,
Hydrogen problem

Kinetic theory and Monte Carlo
simulations

Cross section and transport data sets
And where does the Quantemol enter
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SWalms
Ensemble of charged (perhaps also neutral)
particles

In gas under the influence of collisions with
gas molecules and the external field,

No collisions with the remnants of previous
collisions

No mutual interaction (Coulomb or collisions)
No effect on the field by shielding

Properties of the gas unaffected by the
swarm

l.e. the low current (space charge) limit of ionize  d gases
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G (b Erpaniment amel procealire

-spatial scans of the absolutely

determined smission;

-glass cylinder to allow operation  _jow currents (1mA): uniform
to the left of the Paschen minimum; fje|d

-very high values of E/N | -normalization at the anodel!
-emission coefficients- quenching  _single photon counting



Pulse-Townsend apparatus‘i
for measuring drift velocities:
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Two sets of experimental drift velocities and
the cross sections that were derived for He
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An example chosen to show the problem
of non-uniqueness
(model cross section is similar to
parahydrogen)
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Electron energy distribution
functions (EEDF)
In parahydrogen at 77 K

Electron energy distribution
functions for electrons in NO
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<he hydrogen problem
< he nitrogen problem

-vibrational excitation cross
section

-neural network analysis;
Huxley formula; .....

-NITROGEN PROBLEM
BENCHMARK CROSS

-beam; theory
-swarm data: pure hydrogen;

mixtures with He and Nel!!





















Completeness:cross sections
for electrons In Ar
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W. P. Allis, |Gaseoeus electronics
1956 positronics

Atmospheric Multi-wire lon chemiist Swarm
physics, chemistry drift tubes ry experiments
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Kinetic theory

(or Monte Carlo)
M. Charlton

J.W. Humberston
T. Makabe,

Z. Petrovi

Cross sectionsy(r)

Kumar, Skullerud, Robspd980

Petrovi et al PSST
16, S1-12 (2007)

R.E. Robson

1

g TNf + qE®+c’ B] 5

m qic

3(f) @
I, 1= [F(renf,(e)- f(r.c.f,(c)gs ik ge)dg d,

+ f(I’,C,t) ij (Co)gsR(j;g)dCo
j
 Physically meaningful quantities are velocity “monents” <f ;> = dc f(r,c,t)f; (c)

» Solution procedure valid for particles ofany mass m,any cross sectionsany E, B

Kinetic equation valid for any m, m, (ions, electrons, positrons, muons,

)

* E.A. Mason et al (Ann. Phys. 1975,1978, J. ChemyPRh1979); K. Kumar, Aust. J. Phys. (1967)




CCPP: models and experiments

N. Nakano, N.Shimura, Z.Lj.Petrovi

and T.MakabePhys. Rev. E. 49 (1994) 4455
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The cross section of CF,

L.G. Christophorou, J.K. Olthoffand MV V S Rao

J.Phys. Chem. Ref. Data 25 (1996) 1341

M. Kurihara, Z.Lj. Petrovi and T. Makabe
J.Phys. D: 33 (2000) 2146
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Momentum transfer Q,,
Vibrational excitation Q,;
Vibrational excitation Q, 5
Vibrational excitation Q,,
Electronic excitation Q,,
Electron attachment Q,
Dissociative ionizaton Q;;
Dissociative ionizaton Q,,
Dissociative ionization Q;5

(10) Dissociative ionization Q,,
(11) Dissociative ionization Qg
(12) Dissociative lonization Qg
(13) Dissociative ionization Qj,
(14) Neutral dissociation Q4
(15) Neutral dissociation Q,
(16) Neutral dissociation Q4
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ELECTRON TRANSPORT PARAMETERS IN
DC ELECTRIC FIELD
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Transverse diffusion coefficient

Electron drift velocity as a function of E/N. reduced to mobility as a function of E/N.
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Cross sections for electrons in NO

Yousfi, 1991

10 NO
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Fig.1l complete set of cross sections for

electrons in NO.

eleV]
Fig.2 vibrational excitation of NO by
electrons.



Fitting of characteristic energy

O experiment Ref. [9]
104 O experiment Ref. [4] S
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Fig.5. fit of D{/m by using two term code supplemented by
Isotropic MCS.



Cross sections for electrons in NO

10 NO v1

Trevisan
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Fig.1v=1 NO
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Fig.2 v=2 NO



MC isotropic and TTT electron energy
distribution functions (EEDF’s)

comparasion at the end of 10-100Td range of the largest
divergence between TTT results and experimental data of D/m

(see Fig.2)
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electrons in NO
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Fig. 1. Electron impact cross sections for scatgean CF (1- el. mom. to Anemie Bogaerts]

transfer, 2- vib. exc. v=1, 3-vib.exc. v=3, 4 - eatibn v=4, 5-electron
excitation, dissociation to products (B) , CF, (7), CF(8), 9-diss.el.at.(F
10-diss.el.at (CF),11-CK* + F + 2e (ionization), 12-17 other ionization by
products
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