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Wh at? —> We performed ab initio calculations of the shapes of self-, Ar- and He-perturbed H, and D, rovibrational lines [1, 2].

We performed highly accurate ab initio calculations of the three dimensional H,-Ar potential energy surface (PES).

We calculated generalized cross sections for line broadening and shifting by solving the close-coupling (CC) equations.
We used a hard-sphere approximation of the H,-X potentials to describe velocity-changing collisions.

We simulated the shapes of H,/D, lines by solving the transport/relaxation equation for optical coherences [3,4].

Fundamental discrepancies between thermally averaged collisional broadening obtained

experimentally [5,6] and from ab initio close-coupling (CC) calculations were reported [7-9].
To understand the role of the velocity-changing collisions on the anomalous inhomogeneity in H,/D, line broadening.

The ab initio model of molecular line shape is essential to eliminate systematic errors in optical metrology based on molecular spectroscopy [10].

Validation of the ab inition quantum-chemical calculations of PESs [11].

Why? =p

The shapes of H, spectra are starting to be important for astrophysical studies, especially for the studies of the atmospheres of giant planets [12].

How? ¥
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We demonstrated that, to properly describe the velocity-changing collisions, the H,-H, '
and H,-Ar potentials can be approximated with the hard-sphere approximation [13].

Frequency of the velocity-
.| changing collisions for 1 amg:

VaifiHa—to = Vi, /D = 1/(113.45 ps)

VAiff, 1, —Ar

The first-order approximation
is given by

VO = (8/3)yA(a~" + 1)~V 2u,nad?

Mass ratio

\ | Most probable speed

Comparison between collision kernels obtained from ab initio
classical molecular dynamic simulations (Ha Tran et al.. [9,13,14])
and hard-sphere model, dots and lines respectively. As a
reference hard-collision kernel is presented as a gray line.

We demonstrated that for the H,-Ar system, due to a very strong
shift speed dependence, the final line width dramatically depends

on the description of the velocity-changing collisions [1]

- NHo— H
SVC — Své 2

Sve = 0.055027 12 4 0.95802 74 Vdiff = Vdif Hy—

HWHM (10 %cm™)
HWHM (10%cm™)

Shift (103ecm™)
Shift (103cm™)

Density (amagat) Density (amagat)

Red dots present experimental [6], while black lines our calculations
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= ”SIL)—AI-/JCD = 1/(71.44 ps)

Correction factor

Perturber
concentration

Adjusted line shift

ADb initio line shift
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Comparison of ab initio line shape
with experimetal spectra [6]
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Results for H,-Ar:
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Our approach explains fundamental discrepancies between simulated and measured broadening for H,
Q(1) line perturbed by Ar [1]. We also compare the shapes of experimental lines with ab initio calcualtions.
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The blue lines represent the speed-dependent Galatry
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We performed highly Speed-dependent billiard-ball profile [16]

accurate calculations of the'

T ——1H,-Ar potential energyl
;j'ZJ\ / _surface (PES) by employmgl
ook the RCCSD(T) methOd |n| ------------------------------------------------ N

combination with the large Transportlrelaxatlon equation

_jaug-cc-pCVQZ basis and the!
332211 midbond basis set (in - stationary version of a Liouville equation

S 2 : i
\ R (angstrom) considered). The result is}

the calculations the. : " _})h( ) th(w V)

stretching of the H, bond was ; -V

10 15

similar to the previous!

experimental H,-Ar PES [15]. .
P i [19] Doppler detuning optical coherences

Collisions (and other
relaxation processes)

---

Speed-dependent broadening and shift is obtained by averaging the
generalized spectroscopic cross sections over perturber velocity.

L'(v)/n

y(v)

Absorption ;) —
] Spectral profile

Maxwellian distribution

zA(fu)/n

A

d(v)

Speed-dependent
broadening Billiard-ball velocity-
and shifting changing operator We assume that the
velocity-changing
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\ i collisions are not

o of / correlated with the
= — — hase/state-changi

ST = —T'(v) —1A(v) + Sy phase/state-changing

collisions

COMPARISON WITH EXPERIMENTAL DATA
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| |
Res u Its fo r H 2-H e L] PB coefficients for the Q(1) line of D2 in He PS coefficients for the Q(1) line of D2 in He
T/K SK  BSP mMR BMP BSP' Exp. T/K SK  BSP mMR BMP Exp.
(all the data are in 10° cm”/amagat )
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:Comparlson Wlth experlmental Raman ' 100 0.26 0.22 0.13 0.16 [0.29 0.207 | 100 2.95 2.65 2.06 1.74 2.75"
1 ).26¢ 3.38¢
spectra [17-19]. We demonstarted that - i 3.38
: p [ ] I 150 0.43 0.37 0.22 0.27 150 4.40 3.95 2.98 2.90
:the PES by Bakr et al [11] leads to best: 20 o061 056 035 041 |06 068 200 5.66 | 510 | 3.79 394 | 499
. . 1 0.63¢ 6.05°
1
" agreement Wlth experlmental data' ': 298 1.18 1.06 0.74 0.79 1.21 1.20° 298 7T 7.04 5.14 5.74 6.50"
---------------------------------------- l'_):%([ T.gl’—]d
1.11° 1.0~
........................................ 8052 123 110 078 083 (126 1.26° 3052 791 | 717 | 523 587 | 6.98°
:'We show that the correct interpretation,. 1o~~~ e
1 1 400 1.89 1.73 1.33 1.31 400 9.60 8.75 6.32 7.37
»  of experimental data requires the I 600 358 333 282 255 600 1248 1148 817  10.03
1 i AR = q d ' r 192 & EA 19 °
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: to be taken into account. !
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PB coefficients for the Sy(1) line of Ha PSS coefficients for the So(1) line of Ha
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Results for D,-D.: :

: 0

T s = 1
: Our preliminary results for the 2-0 S(2) D, line (we | :
i measured the spectrum with the CRDS technique). E = I
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Ab initio line shape (red line) _— .. :

here only the line area was fitted esmmmssmmsms=E eSS———— :
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