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ABSTRACT

“The shift parameters for self-broadened lines in the ammonia inversion spectrum
have been calculated using the convergent approach of Cattani. A good agreement is found

between theory and experiment.

As pointed out in preceding pa,pers,l_3 considerable efforts have been devoted to
explain the width and shift parameters for the self-broadened lines in the ammonia
inversion spectrum. Many calculations, that have been performed using the current line
shape theories, were not able to give a good description of the experimental results. Only

recently Cattani and Yamamoto! >

were able to explain satisfactorily the line widths -
assuming that the NH; molecules is essentially a two—level system. In our Worlu:sl"3 no
attempt has been done to calculate the shifts. In this paper, using the convergent approach
developed by Catta.ni,4 we show how to describe satisfactorily the experimental shift
parameters.

According to the general impact theory of Ba.ranger5 and Kolb and G]:iem,6 the
half balf-width « and the shift d, for an isolated Lorentzian line, measured in rad/s,
are given by w = Re(H;;) and d = —Im{H,¢), where the indices i and f refer to the

initial and final states of the line, respectively,

Hy = <1-§;8t> =
[: 1

L]
=2WNJ‘ dvvF(v)f abb Y g, <nl [1—<i|S(b,v)[i><f|S+(b,v)|f>}[n> :
0 0 n

(L1)

N the density of perturbing particles, b the impact parameter, v the relative velocity,
F(v) the Maxwell-Boltzmann velocity distribution, p, the probability of finding the
perturbing molecule in the state |n>, § the scattering matrix between emitting and
perturbing molecules, {i> and [f> the initial and final states of the emitting molecule.
Adopting the many level convergent t:heory,4 and taking into account that only
diagonal scattering matrix elements contribute to the linewidths and shifts, one can easily

verify that w and d. are given by




s
w = 2N Y pﬂf dv v F(v) f db b {1 — 008 1o (b:¥)] €xpl= Ty (bv) /z]} (1.2)
n 0 0
_- and -
d = — ér N 2 Po f dv v F{v) f db b sin (g, (b,v)] exp[— Fi.fn(b,v)/2} (1'.3)
n 0 0
where: Fignlbv) = @5,(bv) — o6, (byV) (1.4)
and Tia(d¥) = Piglbiv) + Tpalbyy) - (1)

The funetions ,,(b,v) and Ty, (b,v), with k=1or{, are given by

bualb) = f 89 | i <n G fm >
o kn i f )
and
1 2
Tyaldv) = 3 2 | <kl <n| Gluj, A lm>18> 1,
né
where |m> and |£>  are the intermediate states of the emitting and perturbing

molecules, respectively, the symbol Av means an average over all possible values of the =z

cbmponent.s of the molecular angular momenta, w . the energy difference between the
+w
states |k>i{n> and |m>|{>, G(w) = f ds V(t) exp(iwt), and V(i) the interaction
—_—®

potential between emitting and perturbing molecules as a function of the time t .

~ Egs. (1.4) and (1.5) are written as

2. AMMONIA SELF-BROADENING

The ammonia states can be sﬁeciﬁéd by ‘their 'parities (¥} and by the quantum

numbers J, K and M if we ignore vibrationa.l and electronic degrees of freedom. Thus,

assuming that the widths and shifts of the ammonia inversion hnes are produced essentially

by the electric deole—dlpole interaction between the ammonia molecules we can show that
8—10

$ita(byv) = C Z D(J;K;, JIK ) - D(J,K . J3K3) hy(k;)
JLELJIKS
itiva2ta

~ Y DUKIKYDUKJKD bk | . (21)
JHKFI3ES

and

ipalbyv) = 2C D(J;K 1K) D(IK,,32K) fi(k;)

ULINLS

Y DUKLIY-DIK,IKY) (k) (22)
JIKFISKL

- . 2u2 )2 : .
where the indice 2 denotes the perturbing molecules, C.u = [Q'EEW] , 4 the ammonia

dipoie moment,

DEKIK) = [KIAIKY| =[5y 8y + oy +

the squared dipole matrix elements, that are zero between states of the same parity (the

J4+1)2-K?2.
b gt I%3+1}(I+Ij 813

]
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parities of the states |J KM¥> bave been omitted for simplicity), f(k) = (k*/4){K3(k)+
+4K2(k)+3K2(k)} h, ik} = (1rk‘*/4){[(2(k)12(k) - 4K, (k)1 (k)+3K0(k){0(k)} K,(k} and
(k) are modlﬁed Bessel functlons of mteger order, k= (b/A)[E(JK)+E(J,K,)—

—E(J K! )uE(Jsz)} E(JK) the energy of the states jJKt>

Let us indicate by hw(JK) the energy differences due to the inversion transitions,
where u(JK) is the i mversmn frequency between states of different parities as a function of
J and K (cf Townes and Schawlown) The energy differences due to rotational
iransitions will be indicated by By, = 2RRBUI(I+1)+Iy Iyt )—T(I 1) -T3(I41)]
remembering that K=K' and K,=K} for dipole transitions and that B = 298 x 10* Mhz
is the rotational constant of the émmdnia. moiecu]e. '

As in our preceding pape[,l the densities of the perturbing molecules in the states
(+) and (—) will be represented here by N + and N_, respectively. For (+) molecules
we verify that, ' o

N k(+) =h w(+)/bv = (h/bv) [w + wm] _

and

K9 = Dby = (a/by) [u w + wm]

where, w_=w(JK)+(JK,) and w_= w(),K)-«{J,K,), taking into account that

J=J=J; and K;=K;=K,. For (-) we see that

K2 = oy = (hfbv) [w_+wmt]
and :

K9 = hufT by = (/bv) [— w, + wm]

In- these conditions, the functions. @y,(b,v) and Tjp(byv), defined by Eqs. (2.1)

and (2.2), are written as

#0n =0, Y PUKIK)-DUKIKY [ -] @3
SRS

and

ey =20, ¥ DEKIKD-DEKIKY [0 + 665 (24)
1Ky

As the epergy differences h L_u(JK) are very small compared with hw_, we can

put :
hy(Ic) — byicE) 2 2 K(IK,) (Pg(k)/K)_,
and '

£(K3) + £(K7) 2 2 6(k0)

where k(I K;) =ho(J,K)/bv and k, =hwg/bv. With these approximations the
functions ¢yu(b,v) and Ty(b,v}, deficed by Eqs. (2.3) and (2.4), becoming independent of

the parities {+) and (-}, are writtea a3

fulby) = KOK)C, Y DUKIK)- D(JzKQ,J K3) [—3,(@1] (25)
‘ : SHINTORS k=keor
and
Py(by) = 4C, DI, K, JKD - DK JK) (o) - (2.6)
JIETILkS. S

Substituting Eqs. (2.5) and (2.6) into Eq. (1.3} we get




i1} <43

4,00 = ~2r%, ¥ p'(Jsz)f dv F(v)vf db b sin [$yy(b,v)] expf= Ty(bv)/2] -
oK, 0 0

(2.7)

Since N+ ¥ N ©N/2 we see that d+ ¥d_pdf2. Taking, in Eq. (2.7), sin[¢y(b,v)] =
~ ¢o(b,v) and performing the integrations over the relative velocities v and the impact

parameters b,1 the shift d(J,K;) = d,+d. is given, in good approximation, by

d(JlKi) = —QWNﬁW(J1Kt) Z P(J2K2) W KpJoKoQ) (2.8)
JoKy

where. 3 = (4/ 1r)3/ x , ¥ the mean relative velocity,

2y
pl/2 32

D(J1 Ky J (K1) - D(J;K 2 05K3) 6(Q)

w(JtKlanKer) =
| 3Tk

gQ) = f(; w%(ahl(z)/ tyexpl-y* QAT )], z2=Q/y and Q=fuw,. The

function g(Q) is calculated numerically and tabulated as a function of the parameter Q .
Our results for d(J,K,), per unit pressure P, are given in Table 1 and Fig. I,
where they are also compared with the more recent experimental results of Hewiti and
Parsons. '
{(INSERT TABLE 1 AND FIGURE 1)
From Table I and Fig. 1, we see that, in view of the experimental uncertainties

found in limeshift me.'aisurements,12 there is a good agreement between theory and

experiment.

It is important to note that, taking into account only the inversion tfansitions, the
lineshift predictions are equal to zero. On the other hand, considering ouly the rotational
transitions we verified that the predlcted shifts ate about ten tlmes Iarger8 9 than the
experimental results, Both inversion and totamona.l contributlons are 1mportant to the
lineshifts, as seen in Eq. (2.8), justlfymg for th&;e calcul&mons the use of a ma.ny level
approach. '

Finally, we must observe that the linewidths obtained with Eqs. (2.2} and {2.3) are
about 27% larger than the experimental results As poxnted out before,1_3 thjs dccuré
because the widths are essentlally generated by inversion tl‘aILSI[‘.IOHS ‘that can be

satisfactorily estimated only by using a two—tevel formalism.
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are compared with the




(5,9} {10,10) (11,11

Table 1. Theoretical and experimental results for lineshifts of the . NHj

Hewitt and Parsons

Theory

(8,8)

(+)
(@)

(5,5} (6,6) (77)

(4,4)

spectrum.  The shifts, per unit pressure P, d(J,K,)/P,  are given:in .
Mhz/mmHg .
Transition d(3,K,)/P - Experimental j«faluesm'.
(L.1) 0.48 -
(2,2) 0.34
(3,3) 0.3t S 0.31:20.04 ¢
(4,4) 0.30 030+ 0:08. 0 o
(5,5) 0.29: 0:2L:£0.07 . -
(6,6) 0.28 0.16  0.04
(7,1) 0.27 0.43 +.0:09: :
(8,8) 0.26. 0:20 £ 0.08
(9,9) 0.25
{10,10) 0.23
(11,11 0.22

(3,3)

d (J1K4)/P [Mhz/mm Hg]
(2,2}

(1,1)

0.6
0.5
0.4
0.3
0.2}
0.1~






