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MOTIVATION

T,o: AND T,;, REQUIRED FOR PLASMA MODELLING

@ Rotational temperature is a proxy for gas temperature

o Large sensitivity to vibrational excitation:

Resonant electron attachment: e+H)(X,v) -H +H
Dissociative excitation: e+Hy(X,v) »e+H(1)+H(n)
Dissociative recombination: e+HS (v) — H(1)+H(n)
Charge exchange: Hy(X,v)+H" — H+H (w)
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MOLECULAR HYDROGEN FULCHER BAND

SPECTRAL MODEL

The Fulcher band is the band originating from the 4°IT, — a32; transitions.
A vibro-rotational corona model has been developed.

@ FElectron impact excitation of

the d state from the ground e+ Hy(X,v,J) ‘f”"; e+ Hs(d,w,K)
state; e
v]‘wK
@ Spontaneous radiative decay Hy(d,v,J) —— Ha(a,w,K)+hv
from the d state towards a; vd

Ky
@ Predissociation of the d state. Hy(d,v,J) = 2H
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SELECTION RULES

A-doubling is not resolved for d levels;
In excitation, AJ is odd for d* and even for d—;

In emission, d* produces P and R lines whereas d~ produces Q lines;

d™" levels above the H(1s) + H(2[) dissociation limit are completely
predissociated;

d~ levels above the H(1s) + H(2/) dissociation limit have finite
predissociation lifetimes and are completely predissociated for v > 9.
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EXCITATION CROSS SECTIONS: X'X1 (v,J) — d°ITE (w, K)
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L.H. Scarlett et al., Complete collision data set for electrons scattering on molecular hydrogen and its isotopologues: I. Fully vibrationally-resolved
electronic excitation of Hy (X] ):;r ), Atomic Data and Nuclear Data Tables 137 (2021) 101361. doi:10.1016/j.adt.2020.101361.

X. Liu, et al., Spectra, Emission Yields, Cross Sections, and Kinetic Energy Distributions of Hydrogen Atoms from HZXl Zgi —d? 11, Excitation by
Electron Impact, The Astrophysical Journal 818 (2) (2016) 120. doi:10.3847/0004-637X/818/2/120.
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PROPERTIES OF THE EXCITATION FUNCTION

MULTIPOLAR TRANSITIONS VIBRATIONAL EXCITATION
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EMISSION: d°TI; (v,J) — a’Lf (w,K) 4 hv

AJ=0,=%1,

Pline: &’} (v,J) = @®Lf (w,J +1) +hv
Qline: &I, (v,J) = &L (w,J) +hv
Rline: &I} (v,J+1) = @’ Zf (w,J) +hv

X. Liu, et al., Spectra, Emission Yields, Cross Sections, and Kinetic Energy Distributions of
Hydrogen Atoms from Hy X l):; — d>T1,, Excitation by Electron Impact, The Astrophysical
Journal 818 (2) (2016) 120. doi:10.3847/0004-637X/818/2/120.
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PREDISSOCIATION: d°TTF (v,J) — 2H
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Calculated Kiyoshima & Sato (1993)
v J 4, d°m, d I, d 11,
0 1 36.4 36.4 408 + 1.4 38.6 +£ 2.0
2 36.4 36.4 41.8 £ 3.0° 36.0 + 2.1
3 36.4 36.4 340+25
4 36.5 36.4
1 1 36.8 36.8 377413 346+ 1.9
2 36.8 36.8 40.7 £ 1.9° 277+ 15
3 36.8 36.8 16.9 £ 2.0
4 36.8 368
2 1 373 373 37.7+12 382+ 12
2 373 373 39.0£29° 317+ 14
3 373 373 36.4 + 1.7
4 373 373 351+ 1.6
3 1 37.7 37.7 383+13 36.6 £ 1.8
2 37.7 317 402 +34° 395+ 15
3 37.7 317

Electron impact excitation (e = 18 — 50 eV) of cold gas and delayed coincidence detection.
T. Kiyoshima et al., Perturbation effects on lifetimes of d 3 I1, states in Hp and Dy, Physical Review A 48 (6) (1993) 4771.

T. Kiyoshima et al., Competition between predissociative and radiative decays in the e ~

(1999) 4494,
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ROTATIONAL AND VIBRATIONAL TEMPERATURES

LEVEL ENERGY

Ev = EvO + (EVJ - EVO)

LEVEL POPULATIONS

_Ey-Ey _Ey-Eyp

1 _En
Xy = B QI+ 12— (=1)) e a4+ B Fn
q

(2 — (—1)’): Nuclear spin degeneracy
Eyj- —Ey

—log B, ~ KT
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EXPERIMENTAL DATA

EXPERIMENTAL SETUP

@ 320 mm focal length, 1760 gr/mm grating, 13.5 um pixel CCD

@ 35 nm range with 0.6 A resolution

ACQUIRED DATA

@ Power scan: 20-55 kW/driver
@ Pressure scan: 0.2-0.6 Pa

@ Driver & expansion regions
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RESULTS: Q & R LINES

3 3 3
s E .
2z 2
3 ]
g L H [ . ]
g o1 £ o1 .
° °
2 H

001 £ 0.01 ¢ . \ 3

. .
. . . . . . . . . . . . .
138 139 14 141 142 143 144 145 146 147 14.1 142 143 144 145 146
E, eV E eV

@]}

D. BRUNO , B. ZANIOL , I. MARIO FULCHER



MOLECULAR HYDROGEN FULCHER BAND
RESULTS
CONCLUSIONS

RESULTS: SPECTRA

@ Gaussian broadening: 7 = T}
@ Gaussian Instrument Function: HWHM=0.42 A
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RESULTS: POWER SCAN

4 RF GENERATORS, P=0.3 PA
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RESULTS: PRESSURE SCAN
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1 RF GENERATOR, RF=100
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FEATURES

@ (v,J) corona model

@ Excitation cross section: multipolar & high v transitions

RESULTS
@ Qlines & 2T distributions
@ SPIDER characterization: power & pressure scans

@ SPIDER characterization: driver & expansion regions

JUNGINZN'E]

@ Threshold behaviour of excitation cross sections
@ Rotational dependence for excitation from higher vibrational levels

@ Predissociation probabilities of higher rotational levels
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