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sIn this article we derive the lineshapes observed two-photon
photoassociation spectrocopy of molecules usingféective Hamiltonian
adapted from previous work in atomic physics. Theesghape is
decomposed in terms of sums and products of Bregré& and Fano
profiles which we associate to physical absorptma emission processes

10 and to quantum interferences between transitionliquges. We emphasize
the specific features linked to the dissociatiadtiv of the photoassociated
molecules in the electronic ground state which @t exist in the atomic
case.

1 Introduction

15s Fano profiles are universal lineshapes which argeoled in atomic and molecular
physics(réf). They usually appear when several paths, leadirtgeg same final state
lying in a continuum, interfere, one of them pagsihrough an intermediate discrete
state. The experimental study of such profiles gles information on the energy
and lifetime of these discrete states.

20 Fano profiles have been shown to appear in thestiapes of the so-called dark
resonances which can be observed in coherent pipuléarapping experiments
involving three-level atomic systems with two groustate sublevelg, andg, and
one excited subleved (réf). One laser with frequency, excites the transition
g1 — e and another one with frequenay, excites the transitiog, »e. If , w,

25 being fixed, one scans,, one observes in the variations wibth of the fluorescence
rate R emitted frome several resonances the following three featurestwhre
shown on the inset of Fig. 1:

(1) a broad resonance when, coincides with the frequency,, of the
g1 — e transition with a width on the order of the natunadth y, of the

30 excited state

(2) a very narrow dark resonancf( vanishes) when the resonance Raman

condition between the unperturbed stggesndg, is fulfilled :
h(w; — wy) = Eg, — Eg,

(3) a narrow peak associated with resonant Raman ppesedetween
perturbed (light shifted) states.

35

The widths of the narrow dip and of the narrow paad on the order of the width
of g, andg, and therefore much smaller thgn A Fano profile is observed in
the vicinity of the dark resonance and interpreted due to the interference
between the two paths shown in Fig(réf):

40

 The atom absorbs a photan from g,, reaches the statefrom which it
emits a fluorescence photon. Because of the laafigevofy, compared to
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the widths ofg, andg,, the statee can be considered as a continuum.

 The atom absorbs a photan from g,, reaches the state emits then a
photonw, in a stimulated way, reaches the statereabsorbs a photan,,
5 which allows it to reach again the statdrom which if finally emits the
fluorescence photon.

The first path goes directly to the continuemThe second path passes through the
discrete intermediate stagg. Their interference gives rise to a Fano profile.

10
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Figure 1: Processes leading to spontaneous emissioinan w photon for a an atom
with a A level scheme coupled to two laser&; and w,: (a) absorption of a

15 wqphoton, followed by spontaneous emission (b) stimated Raman process
bringing the atom from g; to g, (absorption of w,; followed by stimulated
absorption of w,) followed by a spontaneous Raman process bringindhé atom
from g, to g,. The inset shows the fluorescence rate as a furasti of the detuning of
the laser w4 from the g; — e transition. (c) The broad resonance (1), the narrow

20 dip (2) and the narrow peak (3) observed in the flarescence rateRy are detailed in
the text.

The general shape of a Fano resonafy¢e) is written as a function of a reduced
energye and a parameteras(ref):

(e + @)?

1+¢€2 @)

fale) =

25
The parameteq represents the ratio between the probabilitieseebnant scattering
(associated in Fig.1 with the indirect path (b)alving the state|g,)) and
background scattering (associated in Fig.1 withdhect path (a) in Fig. 1). In the
case where there is no background scattering, #ranpeterq is infinite, and the
s0 usual Breit-Wigner lineshape is recovered. Thergghig. 2 illustrates the shape of
a Fano resonandg(e) for g = 0, g = 2, andg = +oo.
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Figure 2: Shape of a Fano resonancg, (e) as a function of a reduced energy for

different q parameters.

Two-photon photoassociation processes involve tistate systems analogous to the
s previous one (Fig. 3jref): the stateg, is in the molecular case a colliding state
|E, g,) of a pair of atoms in a given electronically grdumolecular potentialg, )
with a scattering energy ; a lasew, drives the transition from this statg, g,) to a
vibrational statelv,,e) in an electronically excited molecular poten#al another
laser w, drives the transition from this staie,,e) to another vibrational state
10 |v,, g2) in an electronically ground state molecular pagdfyg,). Dark resonances
have been observed in these configuratio®$). They can be calculated using the
modified quantum defect theory (MQDT)éf). But this approach does not suggest
clearly the existence of Fano processes. We tryhia paper to extend to this
molecular problem the approach described in (Louerisal., 1992) to get some
15 physical insight into the physical mechanisms. \Wevs that it is possible to express
the experimental signal used to detect the two-gigthoto-association process in
terms of sums and products of Breit-Wigner and Faradiles. This decomposition
leads to physical interpretations in terms of quaninterferences analogous to the
one given in(réf) for the atomic case. Such analytical expressioesimraddition
20 very useful for fitting the experimental signalsdafor extracting from these fits
information on the energy ofg, and of the relaxation processes (dissociation,
ionization, collision) affecting this state.
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Figure 3: Level scheme for two-photon photoassociain lineshapes showing Fano
profiles. A molecular state |v,, e) of vibrational number v, in an electronically
excited potential is coupled by a photorwto a scattering state|E, g4) in a |g4)

s channel and by a photornw, to a molecular state of vibrational numberv, in a|g,)
channel.

There are important differences between the moécahd the atomic cases which
should be emphasized:

e The two colliding atoms can interact directly anddargo an elastic

10 collision without involving the coupling with theasers.

e« The three-level scheme in the molecular case ilosted: radiative decay
of a molecule from the electronically excited staté not in general lead
to the two other states (scattering and bound) wltiich it is coupled by
the lasers.

15 * The colliding stategy; is not a discrete state. It belongs to a continwunt
has an energy dispersion. This should broaden dhle ®esonance. But, the
experiments we have in mind are done with ultracatdms and this
broadening is in general negligible.

* In the atomic case, the stage is a ground state and cannot decay. More

20 precisely, the sum of the populations of the tHesels is conserved. This
is why R goes to zero at the center of the dark resondnade molecular
case, the statg, can decay because of dissociation processes anilive
see thatR; does not go to zero. This is why Breit-Wigner fples appear
in addition to Fano profiles.

2s We give in section 2 a brief outline of the caldida of the scattering of atoms in

the context of photoassociation, generalizing tlcudation developed for the

atomic case. The interested reader can find motaildan the reference (Portier,

2007) avalaible online. We identify the paths whasierference contributes to a

Fano resonance. A physical interpretation of thetpassociation lineshapes is be
s then given in section 3.
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2 Calculation of the scattering matrix

In this section, we first express the Hamiltoniamieth describes photoassociation as
a function of the relevant parameters. We then isgpdahe effect of the interaction
of the lasers from the effect of the interactionws®en the atoms. This allows us to

s express the scattering matrix for the photoassimeigiroblem as a function of the
wavefunctions which are solutions of the problemseghttering of two atoms in
absence of light, and which are supposed to be hknowe then gives the
interpretation of the different factors in the $eang amplitude.

2.1 Presentation of the problem

10 Photoassociation is described here as light &skistattering between atoms. We
use a basis of light dressed collisional channeiclwvhs a product of a basis for
collision channels and a basis for the light radmat(Simoni, et al., 2002). A
collision channel is characterized by the electrtastate of the two atoms, and their
relative rotational state (Mies, 1980). In this Iplem we consider three collision

1s channels notedy;, g, ande, the first two of which correspond to an electoni
ground state ¢; and g, can coincide), and the third one correspond to an
electronically excited state. We consider also taser modes characterized by their
polarizations and their frequenciesand w,, and their numbers of photohs and
N,. The laser fields 1 and 2 couple the dressed adanV; — 1, N,) to the dressed

20 channel|g,, N1, N,) and|g,, N; — 1, N, + 1) respectively.

The initial state of the experiment |B, g,, N;, N,), whereE denotes the scattering
energy of the two colliding atoms. We will calcidahere the scattering matrix
element S, ;. and the quantityl —|S, o |* which will be interpreted as the
probability per collision event that relaxation acs, and which is proportional to

25 the photoassociation rate. This relaxation mayespond to spontaneous emission
from ale,N; —1,N,) state or relaxation of &j,, N; —1,N, + 1) molecule due to
dissociation or atom-molecule collision. In the isas{lg;, N;,N,), le,N; —
1,N;), |92, N, — 1,N, + 1)} , the Hamiltonian describing light assisted cadiis is
written H = K + V, whereK is the radial kinetic energy aritldescribes the effects

30 Of interacting potentials and light couplings:

h? d?
K="z ©
Vgl (T) Vradl (T) 0 \
Ye(T)
V = | Vradl(r) Ve(r) -1 62 - A1 Vradz(r) |
Ve, /
0 Vrad2 (T‘) ng(r) -1 2 —A+ A4,

The potentialdj; , V;, andV, describe the radial interaction between the cailidi
atoms in theg,, g, ande states. The origin of the energy scale is suchif)&e) =
Vg, () =V, (e0) = 0. The quantitiesh; = w; — wdy, and A, = w, — wig, are the
detunings of the lasers 1 and 2 from the atomiqUiemcies between the asymptotic

s statese andg; atwgy,, ande andg, (see Fig. 2) awZ} . The couplings/,qq4; and
V.42 are the matrix elements of the electric-dipolesrattion, and depend on the
dipole of the molecule which varies with the interaic distancer. The widths
Ye(r) andyy, (r) account for the decay processes which limit tlietifne of the

atoms in thee state and in thgy, state. These widths depend on the interatomic
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distance owing to the interaction between the atomgr) tends for large
interatomic distance to a constant proportionaémoatomic radiative width, and is
modulated for shorter interatomic distance due lie electrostatic interaction
between the atoms. Depending on the consideredsattme widthy,, (r) can be
s associated for example to autoionization, or splaxation, and takes non vanishing
values for small interatomic distance where the atams interact.
As the HamiltonianH is not hermitian owing to the decay widthgr) andy,, (1),
the probability current is not conserved duringthie collision: if the atoms collide
initially in the g, channel, there is a non zero probability that thewergo
10 photoassociation in molecule in theor g, potential, followed by a decay to another
state different fromg,, g, or e. As a consequence, the scattering matrix is non
unitary. In order to estimate the photoassociatateK,, , we will calculate the loss
of unitarity of the scattering matrix, which is partional to the photoassociation
rate:
2
Kpa & 1— S, | (7

8181

15

2.2 Introduction of the elastic scattering unpertubed by the laser light

The couplingV is seperated a8 =V, + V3 . V, describes in an uncoupled way the
interaction between atoms in thig,, N;,N,) state in the one hand, and the

20 interaction between the atoms in the,N; —1,N, + 1) and|e,N; — 1,N,) states
perturbed by the second laser on the other hané. dduplingVy describes the
interaction with the lasap;.

/Vgl(r) 0 0 \
pol 0 o -iD oy, Vyaa ) |
\ Yg, () /
0 Viaaz (1) Vg, — 1 5 A+ A,
0 Vradl(r) 0
Vg = (vmdlcr) 0 0) )
0 0 0

2s We noteH, = K +V,, andQ andP the projectors onto the subspace spanned by the
statesle, N, — 1,N,) andlg,, N; — 1,N, + 1) on the one hand, and;, N;, N,) on the
other hand:

P = |91»N1»N2><91»N1»N2| (10)

Q: |e,N1—1,N2>(e,N1_1»N2|+ (11)

lgo, Ny — 1,N, + 1)(g,,N; — 1,N, + 1|

s0 Notice thatPH,P describes an elastic collision of an atom paithieg, state, whose
properties are supposed to be known. We rsé%l = e'Ms1 the scattering matrix
element which describes this elastic collision, artdch is expressed as a function
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of a phase shift,, ..
We calculate the scattering matrix elemept, which caracterizes the collision
perturbed by the lasers as a functiorﬂﬁ’f?ql. The two-potential scattering formula

gives a relation between the tranfer matrices eldmenhere the transfer matrix is
defined as a function of a scattering matrixsas 1 — 2zi T (Joachain, 1983):

T91g1 Tg(ﬁ;1 + <¢)g1 'gl'Nl'NllvBh/ng 'g1'N1'N2> (12)

Wherecpgl‘ () andyE*are the radials part of the scattering wavefunatidacribing

a stationary state of the Hamiltoni&#/,P with ingoing boundary condition, and a
stationary state of the HamiltoniaRHP with outgoing boundary condition
respectively.

The matrix element in the right hand of the equat{®2) can be expressed using
only only squtlongbg+ for the scattering decribed by ti®d{,P Hamiltonian which

are supposed to be known, and the resolvent opefat¢E) = lim,_,+(E — H +
ie)~L:

Tyg, = T.00 +{0E, g1, Ny, Ny [PV5QG* (E)QVPIGEY, g1, Ny, ;) (13)

Using (13), the definition of th& matrix as a function of th& matrix, and the the
expression oﬁé%l as a function of the phagg, , we get:

Sgrgs = 5;?;1 - < 'gltNl'N1|PVBQG+(E)QVBP|¢g1 :91'N1:N2) (14)

Expanding QG*(E)Q as a power series ofy and using projection operator
techniques to make a partial resummation of thistupleation series (see for
example(réf)), one can write (14) as

B Q
Sau0s = Syngy — 2TUB5T 91, N, N [PV 5 VP| 85, g0, o, Vo) (15)
WhereHg is an effective Hamiltonian defined by:
Hegr = QHoQ + QVsPGqg (E)PV,Q (16)

with G§ (E) = lim._+(E — Hy + ie)~1. The effective Hamiltoniaibl ¢ describes the
reduced evolution in the subspace (11). Note that calculated to he second order
in Vg, but S, ,in (15) contains all orderd iz since Her appears in the
denominator.

we get

We assume that the frequency of the lasers andetled scheme are such that the
only transitions that may be excited involve a bidbwtate in thee potential with a

! The scattering wavefunctioggF are written as a function of a wavefunctigf(r) as:
2p
nh2k

with £ (r - o) = sin (kr - l“’Tln + ngl)
wherek = ,/2uE/h? is the wavevector, is the angular momentum for the rotation of thevato
associated witly,, andn,, the phase shift of the wave function.

V5 =

etin fF (r)
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vibrational quantum numberb, and a binding energyEebedescribed by a
Wavefunction¢fe, and a bound state in tlgg potential with a vibrational quantum
numberb, and a binding energl%’: described by a wavefunctio;bﬁj. The projector

Q given by (11) can then be approximatedjby

5

Q~Q=le,N,— 1,Ny){e, Ny — 1, Ny | ® |p2e)(ople|
+ |g2, Nl 1 NZ + 1)<g2,N1 - 1,N2 + 1| (17)

® 1,7 )b, |

We thus have by using (17) and (15) the followixgression:

59191 = S;??Q - Zﬂl(d) |Vrad1|¢)e )
(d)e ’elNl - 1»N2|(E - Heff) 1|¢£e, e,Nl - 1,N2) (18)

b,
<¢e |Vrad1 |¢51+>

10 We have expressed the scattering mafpix, as a function of characteristics of the
elastic scattering unperturbed by light (the scatte matrix sl , and the
wavefunctions¢§li) on the one hand, and as a function of an operitgrwhich
contains all the physics associated with the lageraction on the other hand.

2.3 Expression of the effective Hamiltonian

15 In order to calculate the matrix element
(@22, e, Ny — 1, N,|(E — Heg) "2l pe, e, Ny — 1, N,) which appears in (18), we write

E — Hy in the basis spanned by, e N, —1,N,) and |¢§fz,g2,N1 —1,N, + 1>

using the definition (16) :
E — Hegr .
be obe , Y1 T _
_ E+A—E°—6,°+1i > Q (19)

—0 E+A1—A2—E522+i%

The quantities appearing in (19) are the following:
e+ the widthsy, = (¢;°ly.(r)I¢;*) andy, = (¢.?|y,,)|p.?) of the bound
states in the andg, potentials respectively,
e the Rabi frequency = (¢ee|Vrad2(r)|¢g2) for the coupling induced by the
second laser between the two bound states.
e the light induced shifﬁfe and broadenind of the excited bound staté) (

2 According to the definition off,¢ (16), the light induced shi&fe and broadening are given by
r
5e° — i = (" e, Ny = 1, N;|QVP G (E)PV5Qlebe*, e, Ny — 1, Ny)

Using the decomposition of the identity operatan the eigenstates &fH,P = K + V,;which
are noted;ﬁ;fl(bound state of vibrational numbjer; ) and¢>§1“r (scattering state of energy),

we obtain the explicit expression for the lighduiced shift and broadening within this model:

gre = 3 L0 |de1|¢>"““ @2 Veaas |05
Z de E—E'

Vg1
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due to its coupling with the laser,.

Introducing new detunings (see Fig.Bpt A,
1= E+4A—Ef -6,

Ny = A, + E;2 —EJ° —68,° (20)
We rewrite (19)
+T
A+ iylz —Q
E—Heff= Vo (21)
-Q Ny =By +iT
5
Y1+ T
kLLLLL@_Il?e,fs) ,
e vB1
ZiAt A, — A} ——I|bg,,92,N1 — 1,N, + 1)
Q I:I \\\‘F _A,1 —lbe!e!Nl - 1!N2>
! \ 0 —|E191!N1!N2>
¢ .
|Elgl>
f‘ﬁ |by,,92)
Y2

Figure 4: Equivalent level scheme (left: moleculastates, right: states including the
photon quantum numbers) for the two-photon photoassciation scheme depicted in
Fig. 3.

10 2.4 Calculation of the scattering matrix elemens, 4,

We noteD the determinant of (21). The central matrix eleman (18) can be
expressed as:
N — A, + i L2

(22, e,Ny — 1, N,|(E — Heg) 2 |p22, €, Ny — 1, N,) = 2 (22

Using the expression Qﬁgf given in footnote }) and the expression af given in
footnote ¢) one can show that :

2

2mi{ DL Vraas e Nebe® Vraas [ 6 ) = ile?iMon (23)
15 From (22), (23) and (18), we finally get the scettg matrix element:
1Al ﬂ
A — AL+

S = e2Mgy — iTe?iMg, = e2iNgs

9191 (24)

D
with 3 = 4(8; — Ay) — 02 = 28D 4 1[Gy, — 18] — 8%) +,41]
In the following section, we identif§, , as a sum of amplitudes associated with

distinct processes.

|2

= 27T|<¢:e|Vrad1|¢51+)
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2.5 Eigenvalues of the effective Hamiltonian. Physal interpretation.

If z; andz,; are the eigenvalues éf.¢, the determinand of (21) can be written:
D = (A} — z)(A7 — z1y) (25)

If the couplingQ induced by the lasew, is zero,z; andz;; are the complex energies
of the stategv,,e, N; — 1,N,) and|v,, g5, N; — 1, N, + 1). In the casé) # 0, z; and
s z;; include a light shift and a broadenind due to pleeturbation induced by the laser

w,. Inserting the following expression
’ ! . Y2 ! ’
A1_A2‘|‘17= 1 |z — 2+T_Z”—A2 (26)
D Z; —Zq1 A -z A} —zy

into (24) shows that, considered as a functiom’p{Abeing fixed), the scattering
matrix elementS, , is a sum of three amplitudes: the first one, iretefent ofA)
corresponds to direct scattering in the potengig); the second one is resonant when
10 the detuningd] coincides with the perturbed energyof |v,, e, N; — 1, N,) (resonant
excitation in a direct one photon absorption pregethe third one is resonant when
A coincides with the perturbed energy pf,, g,, N; —1,N,) (resonant Raman
process between the two perturbed ground sthieg;, N;,N,) and |v,, g,, N, —
1, N, + 1) by absorption of a photan; and stimulated emission of a photog).
15
It clearly appears that there are two paths leadinthe dissociation ofv,,e), one
passing directly through the “continuumy associated withv,, e), and one passing
indirectly through the stat¢v,,e). On the contrary, there is only one direct path
leading to the dissociation ¢, e).

20

Figure 4 : Paths leading to the decay products ohe |v,, e) molecule of widthy;. In
red solid line is represented the direct path: abgption of a wqphoton followed by
the decay of the|v,, e) molecule. In blue dashed line is represented thadirect

25 path: absorption of a w4, stimulated emission and absorbtion of aw, photon
followed by the decay of thgv,, e) molecule. Specific features of the lineshape are
due to the widthy, of the |v,, b,) molecule.

The two eigenvalueg; and z; can be calculated perturbatively wh@nis small
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i(T+y1-v2)

compared to the real and imaginary parts of théeddhceA’, + of the
diagonal elements of (21). One finds:
_sal — [(F ';]/1) s (T + V1 ¥2) 27)
Ziy = By + s — [”22 —(F tn ) (28)
wheres is a saturation parameter« 1 in tf;e perturbatlve limit), and given by
Q
ST 2, Ty —v))? (29)

s 3 Interpretation of the lineshapes
3.1 Photoassociation rate

The calculation of the photoassociation r&tg, which is proportional to the loss
rate per collision event gives:

Q%y,T
Kpyoc1— |5glg1|2 (A, — AD? + ] £ (30)

IDIZ[ DI

In the rate (30) we identify two contributions ne{s, .|* and|s,_,,|":

2 , )/
|Sg,el” = |D|2 [(A Y2 (31)

|2 szzr

|Sg192 (32)

10
The first contribution (31) is zero #;, = 0 and is attributed to the radiative decay of
the |¢fe,e, N; — 1,N,) state. The second contribution (32) is zero if thepling
induced by the second laser tends to zero. It isbated to the decay of the
|qb§f2,gz,N1 1,N, + 1) state. By construction, we havésglg2| + | g1e| +

15 | g1g1| =1 which corresponds to the fact that for a collisianthe initial channel

|g1, N1, N,), the final state can be either in tjyg, Ny, N,) channel (elastic collision),
or in a channel resulting from the decay of fa&vV; — 1,N,) or|g,,N; — 1, N, + 1)

3.2 Loss rate associated with the decay widthg
20 3.2.1 Case), # 0
Using the factorization oD and the expression (27) and (28) zpfand z; in the
perturbative limit, we get for the loss rdsg |
2 ]/11—'
|Sgle| =

X
o+ —s(T+y, - Vz))z (33)
4

(47 +s45)% +
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| (A} — AY)?

I ( 2

, , V2 + s +y1—72))
Y:
+ 4
2
2 2 4
which is noted:
2
|Sg,el” = A% (B +By) (34)

We interprete now the three factods B; and B, and illustrate their contribution in
Fig. 5.

1
1
1
U 1
1
1
1
1
: %
0 BN ’
1
+ =
v
1
1
! NI
0 Q+98; A

Figure 5: Decomposition of the loss rate}Sgle|2 induced by photoassociation and
associated with the decay of the moleculiw,, e) in the caseA’, # 0.

1. The factorA corresponds to the photoassociation of |tb§*,e, N; —1, Nz)
state and is a Breit-Wigner profile for which thesonance condition is
10 written A} = —sA’,. This is a one photon resonance condition betwben
state|E, g,) and the statév,, e) shifted by the second photon. Taking 0
in the factor A, this is to sayQ =0, we find the one-photon
photoassociation lineshape.

15 2. The factorB; can be expressed as a Fano profile (4) of paramedefined
by (11) and centered ok = (1 + s)A), close to the two-photon resonance
with |¢,2, g2, Ny — 1, N, + 1):

B, = (A7 — AY)? _(e+¢)?
1= 57 = 5
+s(I+y, — e“+1 35
(4, — 45 —s45)% + (2 +( 4”1 2)) (35)
With:
A — A, — sA)
€= 36
(2 + s +v1—v2)/2 (36)
sA) a7
q =
(v2 + s +y1 = 72))/2
20 The Fano lineshapes for differeqtparameters are drawn on figure. In the
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present case, the Fano lineshape is associated théhinterference
between two paths coupling the initial stifeg,, N;, N,) to the continuum
of decay products dfv,,e, N; — 1, N,): the first path is direct and onvolves
only the first laser. The second path is indirent @nvolves once the

5 couling induced by the first laser, and twice tlougling induced by the
second laser. The relevant paths are represente@igpd. Fore = —q,
this is to sayA] = A), there is a destructive interference between W t
amplitudes corresponding to the two paths, Bpe= 0. We notice that for
small intensities of laser 2 & 1), the denominator of the reduced energy

10 (36), and also the characteristic width of the neswe isy,. The analysis
of the loss associated with the decay of the statige) provides
information on the widtly, of the statdv,, g,) (réf).

3. Due to the factoB,, the inhibition of the loss ratksgle|2associated with
15 the decay widthy,; is never complete in the present case whatever the
detuning A} is. The factorB, is a Breit-Wigner profile for which the
resonance condition i\, —A] = —sA}. This is a Raman resonance
condition betwen the stal&, g;) and the statgy,, g,).

20 3.2.2 Case\;, = 0

We illustrate here loss rats, .|” in the case wherd, = 0 but still s « 1. The
factor B, in (35) is a specific case of a Fano lineshapd wiparameteq = 0 (see
equation (11) and Fig. 2). The lineshape shows ewere clearly than in tha’, # 0

s case the inhibition of photoassociation when themBma resonance condition
between the unperturbed stat®s= A, is fulfilled. However the inhibition is not
complete due to the contamination of the energyhef electronically excited state
|ve,e) by the widthy,. The study of such lineshape is very useful to snea the
energy of thgv,, g,) molecule(ref).

30 .
/ 87)
0 A

X + =

(B2)

0 A,
0 4
0 AL

Figure 7: Decomposition of the loss rate}Sgle|2 induced by photoassociation and
associated with the decay of the moleculgv,, e) in the caseA’, = 0.

2
[Sg.el

Y2

35 3.3 Loss rate associated with the decay widin,

Using the factorization oD and the expressions (27) and (28)zpfandz;; in the
perturbative limit § < 1), we get for the loss ra1§g1g2|2
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2
|Sg1g2|

.Qz]/zr

(rp+T7—sC+y, — Vz))z
)

)

(o + s +y, —1)°

(4] +s0%)? + 7

(&, — A, — sA)? +

The rate|Sg1g2|2is therefore the product of two lorentzians cerdeoe A} = —sA,
(resonance associated with the excitation of thée$t,,e, N — 1, N,) perturbed by
the second photon) amff = (1 + s)A}, (resonance associated with the excitation of
the statdv,, g,, N; — 1, N, + 1) perturbed by the second photon).

2
|'S.91.92| A

Y

—sA, 0 Ay (1 + s)A, A
Figure 5 : Loss rate|Sglgz|2 associated with the decay of thi,, g,) molecule.

We emphasized in section 2.5 that there is only maié leading to the dissociation
of the|v,, g,) molecule. This explains Wh|3$glg2|2 shows no Fano lineshape.

10

Conclusion
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