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In the perspective of the outstanding developments of high-precision measurements of fundamental constants using polar molecules related to ultimate checks of fundamental theories, we investigate the possibly counterproductive role of the black body radiation on a series of diatomic molecules which would be trapped and observed for long durations. We show that the absorption of the black body radiation at room temperature may indeed limit the lifetime of trapped molecules prepared in a well-defined quantum state. Several examples are treated, corrresponding to pure rotational absorption, pure vibrational absorption or both. We also investigate the role of the black body radiation induced energy shift on molecular levels and how it could affect high-precision frequency measurements.

Introduction

Over the last decades more and more efforts have been put on searching experimentally for "new physics" breaking the fundamental C,P ,T symmetries. High-energy experiments have initiated this quest for physics beyond the Standard Model more than fourty years ago with the discovery of the CP -violation [1]. Since then not only high-energy experiments have been searching for parity violations, but also low-energy experiments based on high-precision measurements, as initially proposed in atomic systems [2]. For instance, recent results on the P parity violation have been obtained probing the highly dipole-forbidden 6S-7S transition in cesium [3,4].

This kind of precision measurement is especially eager to take advantage of the most sensitive tools to gain in precision and to reduce systematic errors. In that respect, cold atoms have brought huge improvements in several high-precision investigations, and nowadays cold molecules hold even greater promise. In such experiments, interferometers and quantum beats with atoms and molecules are often used and very long interrogation times (up to a few seconds) are needed to let the phase being accumulated in the interferometer. The search for time dependence of the fundamental constants needs particularly highprecision measurements since it is looking for small relative drifts. In the search for a time dependence of the fine structure constant, which would imply the violation of both Lorentz invariance and CPT symmetry, the best measurement to date has been achieved through comparisons of atomic frequency standards [5]. The recent high-resolution spectroscopy of cold OH radicals in a Stark-decelerated beam combined with astrophysical measurements of OH megamasers gives hope to yield an even better determination of the time variation of the fine structure constant [6]. The time dependence of the proton-electron mass ratio is planned to be investigated by measuring extremely precisely the inversion splitting in the ammonia molecule in a molecular fountain [7]. A tremendously exciting search for a possible permanent electric dipole moment (EDM) of atoms, nucleons and elementary particles like electron and muon is being carried out [8][9][START_REF] Baker | Improved experimental limit on the electric dipole moment of the neutron[END_REF][START_REF] Regan | New limit on the electron electric dipole moment[END_REF][START_REF] Farley | New method of measuring electric dipole moments in storage rings[END_REF], as its existence would reveal a violation of the time-reversal invariance. To date, the lowest limit on the value of a possible electron EDM has been established using the thallium atom [START_REF] Regan | New limit on the electron electric dipole moment[END_REF]. Molecules are expected to open the way to even more precise measurements and many efforts are put nowadays to set N. Vanhaecke and O. Dulieu Figure 1. Spectral energy density of the BBR at room temperature (300 K). On the right side are schematically depicted the typical energy ranges for vibrational and rotational transitions in heavy and light molecules.

up experiments with cold beams of heavy polar molecules such as YbF, PbO or PbF [START_REF] Hudson | Measurement of the electron electric dipole moment using YbF molecules[END_REF]14]. Cold slowed or trapped molecules offer even better prospects, allowing very long interrogation times on the order of several seconds.

The accuracy of such high-precision measurements has become so amazingly high, that every possible little disturbance has to be considered very carefully. So has to be the black body radiation (BBR), always present in an experimental environment. Atoms in the ground state are normally immune to the absorption of black body photons at room temperature, since such photons do not carry enough energy to induce a dipole-allowed transition. This is not the case in Rydberg species, as it is known for a long time [START_REF] Gallagher | Interactions of blackbody radiation with atoms[END_REF]. A distribution of molecular ions has also shown to evolve toward a thermal equilibrium at the environment temperature through exchange of black body photons [START_REF] Hechtfischer | Near-threshold photodissociation of cold CH + in a storage ring[END_REF]. It has been proposed to use BBR to cool down internal states of molecular ions [START_REF] Vogelius | Blackbody-radiation assisted laser cooling of molecular ions[END_REF] and very recently laser-trapping of radium took advantage of the BBR as repumping light [9]. Recently BBR absorption rates have been experimentally measured in trapped clouds of cold OH and OD radicals [START_REF] Hoekstra | Optical pumping of trapped neutral molecules by blackbody radiation[END_REF]. The presence of the BBR induces also a shift of the atomic resonances, which is a well-known effect on frequency measurements in atomic clocks. Such a light shift is now one of the biggest uncertainties in high-precision measurements of frequencies [START_REF] Angstmann | Frequency shift of the cesium clock transition due to blackbody radiation[END_REF][20][START_REF] Porsev | Multipolar theory of blackbody radiation shift of atomic energy levels and its implications for optical lattice clocks[END_REF]. So far it has not been observed in molecular systems.

In this paper we investigate the possible limitations induced by the BBR on experiments aiming at interrogating molecular systems over long time intervals. Such experiments often require heavy molecules with large permanent dipole moments which make them very sensitive to the presence of any external electric field, like the BBR electric field. We first recall in section 2 the different transitions which can be induced by BBR in molecules, emphasizing through a simple model the crucial role of both the magnitude and the variation of the permanent electric dipole moment of the molecule with the internuclear distance. Then we explore several classes of molecules of relevance for running, planned or possible high-precision measurements: heavy fluoride radicals (section 3), strongly polar alkali dimers, alkali hydrides as well as sulfur oxide (section 4). We investigate in section 5 the role of the BBR-induced energy shift in two molecular systems of relevance now in the context of high-precision measurements: the YbF radical and the ammonia molecule.

Absorption of black body radiation by diatomic molecules

The spectral energy density of the BBR at a frequency ν and a temperature T is given the Planck radiation law:

ρ(ν) = 8πhν 3 c 3 1 e hν/kBT -1 . (1) 
Figure 1 shows the BBR spectral energy density at room temperature. The BBR absorption rate of a quantum system in the initial state i reads:

Γ BBR abs i = f µ 2 f i 6 0 2 ρ(ν f i ) ≡ 8π 2 3 0 c 3 f ν 3 f i µ 2 f i e hνfi/kBT -1 , (2) 
where the summation is performed over all final states f accessible from the initial state i via an electric dipole transition at frequency ν f i . The details of the rovibronic structure of the quantum system are involved through the matrix elements µ f i = f µ i of the dipole moment operator µ between the initial state i and the final state f . We restrict ourselves to the study of heteronuclear (i.e. polar) diatomic molecules, assuming that both i and f states can properly be described within the Born-Oppenheimer (BO) approximation with total wave functions Ψ BO i and Ψ BO f . The BO wave functions are written as products of electronic (ψ), vibrational (χ), and rotational wave functions (Θ):

Ψ BO i,f = ψ αi,f (R; { r})χ vi,f (R)Θ Ji,f (Ω). (3) 
In eq.( 3), the α i,f , v i,f and J i,f labels refer respectively to the electronic, vibrational, and rotational quantum numbers of the initial and final states. The electronic part depends on all electronic coordinates { r}, and the rotational part on the angular coordinates Ω of the molecular axis in the space-fixed frame. We assumed that there is no coupling between vibrational and rotational degrees of freedom. The transition dipole moment µ f i can be reformulated as the integral over the interatomic separation R:

µ f i = χ vf (R)Θ Jf (Ω) µ BO f i ( R) • χ vi (R)Θ Ji (Ω)dRdΩ, (4) 
which accounts for the orientation of the instantaneous dipole moment for all electrons relative to the polarization of the black body photon. The R-dependent transition dipole moment function µ BO f i ( R) is obtained after integration of the product ψ αf µψ αi on the electronic coordinates.

The energy distribution of the BBR spectrum peaks around 600 cm -1 at room temperature, which is not sufficient to induce any electronic transition starting from the ground state or from a low metastable state in diatomic molecules. Therefore we can safely ignore them, and restrict our attention to transitions between rotational or vibrational levels of a single electronic state α. The transition dipole moment function now reduces to the permanent dipole moment function µ α (R) of the state α so that eq.( 4) becomes

µ v J vJ ∝ ∞ 0 χ v (R)µ α (R)χ v (R)dR ≡ µ v v , (5) 
where v and v (resp. J and J ) are the initial and final vibrational (resp. rotational) levels of the transition within the state α. The proportionality factor in eq.( 5) is the Hönl-London factor between the initial and the final state, which accounts for the initial and final rotational levels J and J and for the relative orientation of the molecular axis and of the polarization of the BBR electric field. We will see from eq.( 5) that depending on the type of transition, the magnitude of µ v J vJ is determined either by the magnitude or by the R-dependence of the dipole moment function. The knowledge of molecular dipole moment functions generally require quantum chemistry calculations which are available over a wide Rrange only for a few molecules of interest here. The value of this function at the equilibrium distance R e of the molecule and its first derivative around R e are also sometimes given in the literature. This information is actually sufficient to evaluate the BBR absorption rate, as in all cases considered here the vibrational ground state wave function -which peaks at R e -is of relevance. Indeed, the function µ α (R) can be expanded to the first order around R e and reads

µ α (R) = µ α (R e ) + dµ α dR R=Re (R -R e ) , (6) 
where dµα dR R=Re

is the first derivative of the electric dipole moment function evaluated at R e . The scheme displayed in Fig. 1 illustrates the various situations treated here. For light molecules, with a mass smaller than ten atomic mass units say, the typical energy for vibrational transitions often exceeds the peak of the BBR energy distribution, so that pure rotational transitions are dominant, the molecule remaining in its lowest vibrational level (v = 0). The constant term µ α (R e ) in eq.( 6), i.e. the magnitude of the dipole moment, brings the main contribution to µ vJ vJ and the integral in eq.( 5) almost reduces to µ α (R e ). In contrast, for heavier molecules the energy of rotational transitions corresponds to the low energy part of the BBR distribution, so that vibrational transitions are favoured. Therefore µ v J vJ (with v = v) mainly depends on the slope of the dipole moment function, and no more on its magnitude, due to the mutual orthogonality of vibrational wave functions. A further simplification can be made if the vibrational (harmonic) constant ω e of the relevant potential curve is known. The radial integral between two adjacent vibrational levels in eq.( 5) can be analytically evaluated for a harmonic potential:

µ v+1,v = v + 1 2 mω e dµ dR R=Re , (7) 
where m is the reduced mass of the molecule. These approximations break down if the potential well is strongly anharmonic, if the dipole moment function is notably nonlinear or too flat around R e , or if couplings such as rovibrational couplings are not negligeable.

3 BBR absorption rate for fluoride radicals: BaF, YbF, HgF and PbF

In heavy paramagnetic molecules such as BaF, YbF, HgF and PbF -of relevance for the search of the electron EDM -the vibrational wave function of low-lying vibrational levels extends typically over a small fraction of an atomic unit (1 a.u.≡ a 0 = 0.0529177 nm), so that the dipole moment function of the electronic ground state can safely be considered linear over this extension. Therefore, the strength of the electric dipole transition between two consecutive vibrational states can be estimated following eq.( 7) as soon as the derivative of the electric dipole moment function at the equilibrium distance is known.

Diatomic lanthanide compounds possess partially filled 4f and 5d shells and involve strong inter-shell couplings, which generate very complicated spectra. Their study is therefore challenging for both theoretical and experimental investigations. Among the molecules mentioned above, YbF [START_REF] Dolg | Ab initio pseudopotential study of YbH and YbF[END_REF][START_REF] Liu | Fully relativistic density functional calculations of the ground and excited states of Yb, YbH, YbF, and YbO[END_REF] and PbF [START_REF] Das | Ab initio spin-orbit CI calculations of the potential curves and radiative lifetimes of low-lying states of lead monofluoride[END_REF] have been studied from ab initio theory and dipole moment function of YbF and its value and first derivative for PbF at the equilibrium internuclear distance have been derived.

Extensive quantum chemistry studies on alkaline earth monohalides are available mainly for the lighter ones (involving Be, Mg, Ca, Sr linked with F or Cl), providing all necessary quantities for the present purpose, including the derivative of the permanent dipole moment [START_REF] Langhoff | Theoretical study of the dipole moments of selected alkalineearth halides[END_REF]. Quantum chemistry calculations have also been devoted to BaF [START_REF] Arif | Binding energy and dipole moment of alkali halide molecules[END_REF] and HgF [START_REF] Dmitriev | Calculation of the spin-rotational Hamiltonian including P-and P,T-odd weak interaction terms for HgF and PbF molecules[END_REF] molecules, providing the main properties of the electronic ground state except the R-variation of its permanent dipole moment function. Fortunately, alkaline earth monohalides (hereafter labelled as Me-Hal) have been extensively studied in the past, since their theoretical description is underlined by a simple picture: such molecules are ionic-bond molecules, in which the lone electron evolves in the field of two atomic ions, namely the closed-shell doubly-charged metal cation Me ++ and the halogen anion Hal -. The ligand approach [START_REF] Rice | The electronic structure of the calcium monohalides. A ligand field approach[END_REF][START_REF] Allouche | A ligand-field approach for the low-lying states of Ca, Sr and Ba monohalides[END_REF] assumes that the electronic structure of the system can be described with orbitals centered on the free Me ++ ion while the electrostatic field of the ligand Hal -ion is treated as a perturbation. The electrostatic model proposed by Rittner [START_REF] Rittner | Binding energy and dipole moment of alkali halide molecules[END_REF] accounts for the mutual polarization of the Me + and Hal -ions through induced dipole moments which reduce the primary permanent dipole moment of the molecule. However, due to the large polarizability of the Me + ion, higher order effects break this approximation down. The more elaborated electrostatic model of Törring et al [START_REF] Törring | Dipole moments and potential energies of the alkaline earth monohalides from an ionic model[END_REF] accounts for the strong hybridization of the external electron of the Me + ion induced by Hal -, which acts as a radial shift of the center of charge of the electron wave function. The induced dipole moments are modified accordingly in the expression of the net dipole moment of the molecule, whose derivative can also be derived. Finally, as pointed out in refs. [START_REF] Arif | Binding energy and dipole moment of alkali halide molecules[END_REF][START_REF] Törring | Dipole moments and potential energies of the alkaline earth monohalides from an ionic model[END_REF] an effective polarizability of the Hal - ion should be introduced in such ionic molecules which accounts for the influence of the Me + ion on the somewhat floppy negative ion. The effective value of 4.7 a.u. is recommended in refs. [START_REF] Arif | Binding energy and dipole moment of alkali halide molecules[END_REF][START_REF] Törring | Dipole moments and potential energies of the alkaline earth monohalides from an ionic model[END_REF] for F -within the CaF and BaF molecules, indeed much smaller than the free ion polarizability (about 16 a.u. [START_REF] Diercksen | Electric properties of negative ions. Dipole hyperpolarizability of the fluoride ion[END_REF][START_REF] Kucharski | Dipole polarizability of the fluoride ion with many-body methods[END_REF]).

Using the value 81 a.u. of ref. [START_REF] Törring | Dipole moments and potential energies of the alkaline earth monohalides from an ionic model[END_REF] for the Ba + polarizability, the ionic model yields for BaF at the equilibrium distance (R e = 4.09 a.u.) of its X 2 Σ + electronic ground state µ(R e ) = 1.38 a.u. (close to the experimental value 1.24 a.u. [START_REF] Enrst | Hyperfine structure and electric dipole moment of BaF X 2 Σ +[END_REF]) and dµ dR R=Re = 1.78 a.u.. For HgF in its X 2 Σ + electronic ground state (R e = 3.87 a.u.) the same model leads to µ(R e ) = 2.85 a.u. and dµ dR R=Re = 1.63 a.u., taking the Hg + polarizability 19 a.u. from ref. [START_REF] Angstmann | Frequency shift of hyperfine transitions due to the blackbody radiation[END_REF].

The structure parameters used for the BBR absorption rate calculations are collected in Table 1. We found rates slightly smaller than 1 s -1 (see Table 2), suggesting that the lifetime of a molecular sample in a well-defined initial state could be limited by BBR. In the near future, molecular interferometry for precision measurements will be performed in traps, which offer the opportunity to keep the molecules for sconds and hence in an interferometry experiment to let the phase being built for much longer times than in a beam experiment. Traps are therefore a very promising tool for measuring very small level energy differences with a molecular interferometer, as planned for instance with YbF and PbF. If seconds are needed to let the phase build up, cycles of absorption-emission are then induced by the BBR and limit the constrast of the interferometer by breaking its coherence.

As a check of such predictions, we also calculated the BBR absorption rate for YbF and PbF using the ionic model and found a good agreement with the calculation using the derivatives of the dipole moment function from refs. [START_REF] Dolg | Ab initio pseudopotential study of YbH and YbF[END_REF][START_REF] Liu | Fully relativistic density functional calculations of the ground and excited states of Yb, YbH, YbF, and YbO[END_REF]. Moreover, the influence of the inaccuracy on the static polarizability of the ions, which determines the molecular dipole moment, is exemplified with HgF and BaF. Indeed, the F -effective polarizability depends a priori on the accompanying positive ion. In particular, the dipole moment of HgF (2.85 a.u.) presently obtained using the Hg + polarizability from ref. [START_REF] Angstmann | Frequency shift of hyperfine transitions due to the blackbody radiation[END_REF] (19 a.u.) is about 70% larger than the one given in ref. [START_REF] Dmitriev | Calculation of the spin-rotational Hamiltonian including P-and P,T-odd weak interaction terms for HgF and PbF molecules[END_REF]. If we use the ionic model to adjust the dipole moment of HgF to the experimental value, the F -effective polarizability becomes close (14 a.u.) to the one of the free ion. The derivative of the HgF dipole moment around R e increases with the F -effective polarizabilty, increasing the BBR absorption rate only from 0.47 s -1 to 0.86 s -1 . Note also that Angstmann et al [START_REF] Angstmann | Frequency shift of hyperfine transitions due to the blackbody radiation[END_REF] computed a value of 122 a.u. for the Ba + polarizability, significantly higher than in ref. [START_REF] Törring | Dipole moments and potential energies of the alkaline earth monohalides from an ionic model[END_REF]. Introducing this value in the ionic model then yields a F -effective polarizability of 1.3 a.u. to recover the experimental dipole moment from [START_REF] Enrst | Hyperfine structure and electric dipole moment of BaF X 2 Σ +[END_REF]. We clearly reach here the limits of the validity of the ionic model but this does not significantly change the conclusions of our analysis.

BBR absorption rates for alkali dimers, alkali hydrides and sulfur oxide

Polar molecules are expected to exhibit long-range dipole-dipole interactions. One expects to be able to characterize the dipole-dipole interactions by studying collisions in a cold sample of polar molecules, just like were investigated the details of interactions between cold atoms in the late 90' [START_REF] Weiner | Advances in ultracold collisions: experimentation and theory[END_REF]. Cold (half-)collisions could also be studied by controlling the orientation of the molecules with external electric fields. Polar molecules are also promising candidates for quantum computing [START_REF] Baranov | Superfluid pairing in a polarized dipolar fermi gas[END_REF][START_REF] Demille | Quantum computation with trapped polar molecules[END_REF].

Great experimental efforts are put on the production of ultracold heteronuclear alkali dimers, which possess rather large dipole moments [START_REF] Aymar | Calculation of accurate permanent dipole moments of the lowest 1,3 Σ + states of heteronuclear alkali dimers using extended basis sets[END_REF]. They are formed experimentally from trapped ultracold atoms and are therefore obtained at very low temperatures, much lower than in experiments starting from a molecular beam. The disadvantage of this technique is that it has so far adressed only alkali dimers. Up to now densities of ultracold polar alkali dimers are still low, but several group head toward accumulating and trapping these dimers in order to start investigating molecule-molecule collisions [START_REF] Sage | Optical production of ultracold polar molecules[END_REF][START_REF] Mudrich | Hyperfine-changing collisions in an optically trapped gas of ultracold cesium and lithium[END_REF][START_REF] Mancini | Observation of ultracold ground-state heteronuclear molecules[END_REF].

Many efforts are done nowadays on cold intense beams of alkali hydrides [START_REF] Tokunaga | A supersonic beam of cold lithium hydride molecules[END_REF]. The lightest of them, LiH, could be stopped with a Stark decelerator in order to perform further sympathetic or evaporative cooling in a trap. However, in the samples of trapped molecules obtained up to now [START_REF] Van De Meerakker | Deceleration and trapping of OH radicals[END_REF], densities are still too low, and temperature still too high to observe cold collisions.

Due to their large dipole moment, these molecules can undergo vibrational and rotational BBR induced electric dipole transitions within their electronic ground state. Nevertheless, for all alkali dimers, rotational constants are on the order of a fraction of a wavenumber, where the spectral energy density of the BBR is very small (see Figure 1). Only vibrational transitions are therefore of relevance. The vibrational matrix elements of the dipole moment were evaluated using the Fourier grid Hamiltonian method [48] taking as input data electronic ground state potentials and dipole moment functions provided by ref. [START_REF] Aymar | Calculation of accurate permanent dipole moments of the lowest 1,3 Σ + states of heteronuclear alkali dimers using extended basis sets[END_REF]. We performed the calculations for several alkali dimers (see Table 2). For most of them, the absorption of black body photons cannot be noticeable at room temperature even for extremely long trapping times of several minutes which are reachable if special care is taken to reduce the background gas pressure. A noticeable exception to this is the case of LiCs. The black body limited lifetime of LiCs in its ground state at room temperature is only on the order of one minute, which constitutes a limitation in the investigation of collisions in a trapped cloud of LiCs and further evaporative cooling [START_REF] Mudrich | Hyperfine-changing collisions in an optically trapped gas of ultracold cesium and lithium[END_REF].

The lowest level in which LiH is foreseen to be efficiently manipulated in an electrostatic deceleration and trapping process is the v=0, J=1 rovibrational level of its X 1 Σ + electronic ground state. The pumping rate at room temperature due to vibrational transitions is rather small (0.06 s -1 ) since the vibrational constant is quite high (≈ 1400 cm -1 ). However, the black body photons are quite efficient at pumping the v=0, J=1 level to the v=0, J=2 level at a rate of 1.26 s -1 and at depumping it down to the v=0, J=0 level at a rate of 0.163 s -1 . Moreover, the spontaneous emission depletes the v=0, J=1 level which decays to the v=0, J=0 level with a rate of 0.036 s -1 . Finally this leads to an overall lifetime of LiH in the v=0, J=1 level of about 650 ms at room temperature. This harms long trapping of LiH in this state and therefore all cooling processes that could follow like evaporative, sympathetic or cavity-assisted cooling. Even at 77 K the lifetime increases only to about 3 s, still limited by the black body assisted rotational transitions. RbCs) are in agreement with previous calculations of ref. [START_REF] Kotochigova | Ab initio calculation of the KRb dipole moments[END_REF] (resp. [51]).

Species Initial state

Γrot (s -1 ) Γ vib (s -1 ) Lifetime (s) YbF X 2 Σ + - 0.26 3.8 BaF X 2 Σ + - 0.60 1.7 HgF X 2 Σ + - 0.47 2.1 PbF X 2 Σ + - 0.29 3.4 LiRb X 1 Σ + , J=0 - 8.0 10 -3 125 LiCs X 1 Σ + , J=0 - 1.7 10 -2 59 NaRb X 1 Σ + , J=0 - 7.3 10 -4 1.4 10 3 NaCs X 1 Σ + , J=0 - 1.7 10 -3 600 KRb X 1 Σ + , J=0 - 7.5 10 -6 1.3 10 5 KCs X 1 Σ + , J=0 - 8.2 10 -5 1.2 10 4 RbCs X 1 Σ + , J=0 - 1.5 10 -5 6.7 10 4 LiH X 1 Σ + , J=1 1.52 6.0 10 -2 0.63 CsH X 1 Σ + , J=1 1.55 1.2 0.36 SO X 3 Σ -, N =0, J=1 - 8.3 10 -3 120
In order to investigate dipole-dipole interactions, the best alkali hydride is CsH (with a dipole moment of 8. 3 D), for which one can expect strong interactions between CsH molecules through the dipole-dipole interaction. However its dipole moment to mass ratio is not encourageous in the perspective of a Stark deceleration. Nevertheless, under the same conditions as for LiH above, we found that the contribution of the vibrational transition to v=1 levels amounts to 1.17 s -1 , since the vibrational frequency (891 cm -1 ) is quite close to the peak of the black body spectrum. The rotational transitions contribute to the depletion of the v=0, J=1 level with the following rates: 0.56 s -1 for J=2 ← J=1 and 0.071 s -1 for J=0 ← J=1, while the spontaneous emission rate is negligibly small (0.0056 s -1 ). In total, at room temperature the v=0, J=1 level is depleted at a rate of 1.80 s -1 . At 77 K this rate drops down to 0.16 s -1 , essentially given by the J=2 ← J=1 black body assisted transition.

Cold chemistry involving free radicals is a blooming field and is expected to bring new insight on reactive collision and dissociation. As an experiment aims at producing cold SO radicals and O atoms produced from near-threshold dissociation of trapped SO 2 [START_REF] Jung | Cold atoms and molecules from fragmentation of decelerated SO 2[END_REF], it is worth calculating also the BBR absorption rate of the SO radical in its ground state. The lowest electronic states have been studied and potential energy curves and dipole moments have been computed [START_REF] Borin | The lowest triplet and singlet electronic states of the molecule SO[END_REF]. We estimate that the BBR absorption rate, solely due the first vibrational transition (1120 cm -1 ), is 8.3 10 -3 s -1 , in agreement with [START_REF] Hoekstra | Optical pumping of trapped neutral molecules by blackbody radiation[END_REF]. This should not affect the trapping time of SO radicals in an electrostatic or in a magnetic trap.

The black body radiation induced shift in molecules

According to quantum electrodynamics theory, light can not only be absorbed by a massive particle, but it also shifts the level energies of the particle [START_REF] Cohen-Tannoudji | Processus d'interaction entre photons et atomes[END_REF]. The BBR is known for a long time to be responsible for a shift of the atomic hyperfine splittings [START_REF] Itanov | Shift of 2 S 1/2 hyperfine splittings due to blackbody radiation[END_REF], which is of extreme relevance for atomic clocks [START_REF] Angstmann | Frequency shift of the cesium clock transition due to blackbody radiation[END_REF][20][START_REF] Porsev | Multipolar theory of blackbody radiation shift of atomic energy levels and its implications for optical lattice clocks[END_REF]. For atoms in their ground state, all electric dipole allowed transitions require photons with much more energy than available in the BBR spectrum at room temperature. Therefore the BBR electric field acts on the atom through its static polarizability, exactly like a dc electric field does, and only the amplitude of the black body electric field is then of importance. As shown in the previous sections, a molecule likely absorbs resonantly a black body photon through an electric dipole transition. Therefore the BBR does not act on the molecule simply like a dc electric field but the entire BBR spectrum has to be considered.

The black body is a very incoherent source of photons, with a coherence time of about h/4k B T ≈ 40 fs at room temperature [START_REF] Donges | The coherence length of black-body radiation[END_REF], which is much smaller than the typical absorption time of a black body photon by the molecule (see rates of Table 2 and ref. [START_REF] Hoekstra | Optical pumping of trapped neutral molecules by blackbody radiation[END_REF]). Therefore, according to ref. [START_REF] Cohen-Tannoudji | Processus d'interaction entre photons et atomes[END_REF], the BBR-induced 

∆ i = 4π 3 0 hc 3 f states P dν ν 3 e hν/kBT -1 µ 2 f i ν -ν f i , (8) 
with the same notations as in section 2, and where the symbol P holds for the Cauchy principal part integral.

Molecular interferometers constitute excellent tools to quantify very small energy differences or measure very accurately transition frequencies. First, the experiments carried out on YbF in order to detect the electron EDM ultimately need to measure frequencies down to a precision of tens of µHz [START_REF] Hudson | Measurement of the electron electric dipole moment using YbF molecules[END_REF]. In that reference, the effect of the BBR is not explicitely discussed. We found that the BBR-induced shift due to rotational electric dipole allowed transitions (N =1←N =0) is on the order of tens of mHz, while the contribution to the shift of vibrational transitions is on the order of a few mHz, much larger than the above needed precision. However, a careful analysis of the paper by Hudson et al [START_REF] Hudson | Measurement of the electron electric dipole moment using YbF molecules[END_REF] shows that the ratio of the differences of phases measured under various external field conditions is insensitive to the first order to the induced light shifts. Indeed, each individual phase measured in the YbF interferometer depends on the difference between light shifts induced on two Zeeman sublevels, which is proportional (with an extremely small factor of about 10 -13 ) to their energy difference. This ensures that a BBR-induced correction to the electron EDM could be at maximum 10 13 times smaller than its actual value, hence totally undetectable.

The discussion above suggests that a BBR induced light shift could play a significant role if a frequency measurement aimed at a relative accuracy of 10 -13 , which is typical of what is needed to investigate possible time variation of fundamental constants. For instance, a very sensitive probe for a possible time variation of the proton-electron mass ratio is the inversion frequency in ammonia. A new experiment is currently being set up, which aims at performing very high resolution spectroscopy in a Ramsey type interferometry experiment in an ammonia molecular fountain [7]. An accuracy of 10 -13 -10 -14 is expected on the measurement of the inversion frequency (of about 23.8 GHz) in the state J=1, K=1. Note that the hyperfine structure of 15 ND 3 molecules has been recently measured with an accuracy of a few 10 -9 in spectroscopy experiments using cold decelerated ammonia molecules [START_REF] Van Veldhoven | Decelerated molecular beams for highresolution spectroscopy[END_REF]. The use of a molecular interferometer is expected to increase further the accuracy by several orders of magnitude. Therefore we evaluated the BBR-induced energy shift on both inversion levels involved in this experiment, which might be of importance since the levels considered are of different symmetries, i.e., are coupled to different sets of levels by the electric dipole interaction.

Microwave transitions, which have led to the ammonia maser [START_REF] Gordon | The maser new type of microwave amplifier, frequency standard, and spectrometer[END_REF], have been studied for decades in NH 3 [START_REF] Good | Microwave absorption frequencies of 14 NH 3 and 15 NH 3[END_REF][START_REF] Costain | An empirical formula for the microwave spectrum of ammonia[END_REF], as well as its rotation-inversion structure. We denote the lowest level involved in the inversion transition by 0 -, J=1, K=1, the upper one being 0 + , J=1, K=1, with the opposite parity. Both levels are coupled by electric dipole allowed transitions to all other rovibrational levels. Let us examine first the rotational radiative coupling: each of these levels is coupled to an inversion level of the J=2, K=1 rotation manifold via an electric dipole allowed transition. Because of the inversion-rotation structure (see for instance [START_REF] Townes | Microwave spectroscopy[END_REF]), these two allowed transitions, around 39.7 cm -1 , differ in frequency by the sum of the inversion splittings of the J=1, K=1 and J=2, K=1 states, i.e., by about 46.8 GHz. This implies that the levels 0 -, J=1, K=1 and 0 + , J=1, K=1 experience different BBR-induced shifts, given by eq.( 8). Both BBR-induced shifts, on the order of 80 mHz at room temperature, differ by about 5 mHz, which represents 2 10 -13 times the inversion frequency between the 0 -, J=1, K=1 and 0 + , J=1, K=1 levels. Although not negligible in the absorption rate of BBR photons, the coupling to higher vibrational states via BBR photons only gives rise to light shifts lower than 10 -14 times the inversion frequency (see for instance [START_REF] Yurchenko | Dipole moment and rovibrational intensities in the electronic ground state of NH 3 : Bridging the gap between ab initio theory and spectroscopic experiment[END_REF]61] for electric dipole moment matrix elements). Note that the dipole moment matrix elements we used give an absorption rate compatible with the one calculated in ref. [START_REF] Hoekstra | Optical pumping of trapped neutral molecules by blackbody radiation[END_REF].

In conclusion, at room temperature the measured inversion frequency between the 0 -, J=1, K=1 and 0 + , J=1, K=1 levels is lowered by about 2 10 -13 by BBR-induced energy shifts. We have also calculated that a room temperature variation of 5 • C changes relatively the measured frequency by about 10 -14 . We did the same type of calculation on 15 ND 3 and we draw the same conclusion, i.e., that the inversion frequency is lowered by about 2 10 -13 by BBR-induced shifts. This should be considered carefully in a high-precision interferometry experiment aiming at measuring the inversion frequency of ammonia at an accuracy of 10 -13 -10 -14 and more generally in high-precision frequency measurements involving molecules.

Conclusion
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Table 1 .

 1 Equilibrium distances, vibrational and rotational frequencies, values of the dipole moment function and of its first derivative at the equilibrium distance for the dimers discussed throughout the paper. The state considered here is always the rovibrational ground state, unless otherwwise stated.

	Species	Initial state	Re (a 0 )	ωe (cm -1 )	Be (cm -1 )	µe (D)	µ e (D a -1 0 )	Ref
	YbF	X 2 Σ +	3.80	502	0.24	3.55 3.09	[22]
	BaF	X 2 Σ +	4.09	469	0.21	3.51 4.52	[36]
	HgF	X 2 Σ +	3.87	489		7.24 4.14	
	PbF	X 2 Σ +	3.94	530		4.32 3.38	[24]
	LiRb	X 1 Σ +	6.50	185		4.15 0.14	[37]
	LiCs	X 1 Σ +	6.82	164		5.44 0.45	[37]
	NaRb	X 1 Σ +	6.84	107		3.30 0.20	[37]
	NaCs	X 1 Σ +	7.20	98.0		4.61 0.34	[37]
	KRb	X 1 Σ +	7.64	75.5		0.61 0.03	[37]
	KCs	X 1 Σ +	8.01	66.2		1.90 0.11	[37]
	RbCs	X 1 Σ +	8.28	49.4		1.23 0.07	[37]
	LiH	X 1 Σ + , J=1	2.98	1405	7.5	5.88 0.96	[38]
	CsH	X 1 Σ + , J=1	4.50	891	2.7	8.30 2.10	[38]
	SO	X 3 Σ -, N =0, J=1	2.80	1150	0.72	1.51 0.94	[39]

Table 2 .

 2 BBR absorption rate at 300 K for selected heavy diamagnetic polar molecules used in various precision measurement experiments, for selected alkali dimers and for LiH, CsH and SO. For all calculated rates and lifetimes the initial state is the vibrational ground state (v=0). Values for KRb (resp.
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			AGMCORE_producing_seps not and /TransferFunction load	} bind
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				}ifelse MappedCSA 0 get /DeviceCMYK eq and AGMCORE_imbuf readstring pop
			}{	}ifelse Name inRip_spot_has_ink not and
			}{	exec	Name (All) ne and {
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	l y [{1 exch sub /sep_tint AGMCORE_gget mul} /exec cvx MappedCSA sep_proc_name cvx exch pop {pop pop pop 1 exch sub} /exec cvx] cvx modify_halftone_xfer }def l /indexed_imageormask_lev1 y {
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URL: http://mc.manuscriptcentral.com/tandf/tmph

Page 45 of 135 URL: http://mc.manuscriptcentral.com/tandf/tmph

  

			Molecular Physics Molecular Physics	Page 46 of 135
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			MappedCSA 0 get /DeviceCMYK eq { exch 4 mul 4 getinterval {} forall
			currentcolortransfer AGMCORE_get_ink_data 255 div 1 exch sub
			} /exec cvx	{4 mul HiVal mul round cvi 3 add Lookup exch get
	HiVal div 1 exch sub} exch addprocs 4 1 roll ] cvx put
			setcolorspace	{4 mul HiVal mul round cvi 2 add Lookup exch get
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		O n systemdict /findcolorrendering known{ } forall pop not{ Intent findcolorrendering pop O n /SkipImageProc {false} def currentdict end dup begin }if /push_ctm { stack length size le{ stack dup length 2 mul array O dup /stack exch def n copy pop
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	82.2271 180.905 mov (1) sh restore_ctm F 0.5 lw o 1 lc
	1 lj	r
	4 ml	
	[] 0 dsh true sadj 29.9673 173.437 mo 29.9673 170.168 ln s 43.314 171.813 mo 43.314 170.168 ln s	P e e r
	56.6597 173.437 mo 56.6597 170.168 ln s 70.0054 171.813 mo 70.0054 170.168 ln s 83.3521 173.437 mo 83.3521 170.168 ln s 96.6978 171.813 mo 96.6978 170.168 ln s	R e v i e w
	110.043 173.437 mo 110.043 170.168 ln s 123.39 171.813 mo 123.39 170.168 ln	O n
	s 136.736 173.437 mo 136.736 170.168 ln	l y
	s	
	11.8428 170.168 mo
	136.736 170.168 ln
	s	
	save_ctm	
	%ADOBeginSubsetFont: Helvetica AddGlyphs
	systemdict begin	
	/Helvetica	
	findfont dup	
	/Private get begin
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	/CharStrings get begin	
	/zero	
	<10bf317040c2af124ea0a49a7bf41805b177f7c4208c932584e43c9a0bae
	7a5e09aeeba03bdb3baaad65f0cfeefbf4dfea480c85f107e431a3019391
	4313291eb8234a5c6b4c6242500b667415> ND	
	end end	
	end	
	/Helvetica findfont /Encoding get	
	dup 48 /zero put	
	pop	
	%ADOEndSubsetFont	
	/Helvetica*2 [ 48{/.notdef}repeat /zero 207{/.notdef}repeat F ] /Helvetica nfnt o /Helvetica*2 findfont [6.25 0 0 -6.25 0 0 ]mfnt sfnt
	r BuildWidthShowArray	
	134.873 180.905 mov	
	(0) sh restore_ctm save_ctm %ADOBeginSubsetFont: Helvetica AddGlyphs P e systemdict begin e /Helvetica r findfont dup	
	/Private get begin /CharStrings get begin /five <10bf31703a9b9e75bb2e0c70578b80ef68b77db429dab9d081841e1cae7e R e 43a7ad1edd665660b80f010c71f0d41d1d4f59f9c78880d1ab7224aece9b 55b74a84b8d91e5db90111cd94a72bf01c561d00ea7f03613531aae2ceeb v 7dd3c092ee8ac48d> ND i end end end e /Helvetica findfont /Encoding get dup 53 /five put w pop
	%ADOEndSubsetFont /Helvetica*3 [ 53{/.notdef}repeat /five 202{/.notdef}repeat ] /Helvetica nfnt	O n
	/Helvetica*3 findfont [6.25 0 0 -6.25 0 0 ]mfnt sfnt BuildWidthShowArray 142.524 134.208 mov	l y
	(5) sh	
	/Helvetica*2 findfont [6.25 0 0 -6.25 0 0 ]mfnt sfnt
	BuildWidthShowArray	
	145.999 134.208 mov	
	(00) sh	
	restore_ctm	
	save_ctm	
	/Helvetica*1 findfont [6.25 0 0 -6.25 0 0 ]mfnt sfnt
	BuildWidthShowArray	
	142.524 96.4355 mov	
	(1) sh	
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	/Helvetica*2 findfont [6.25 0 0 -6.25 0 0 ]mfnt sfnt
	BuildWidthShowArray
	145.999 96.4355 mov
	(000) sh	
	restore_ctm	
	140.37 170.168 mo
	137.475 170.168 ln
	s	
	136.98 151.293 mo
	136.98 151.293 ln
	s	
	140.253 132.418 mo 136.98 132.418 ln s F 136.98 113.521 mo o 136.98 113.521 ln
	s	r
	140.253 94.6465 mo
	136.98 94.6465 ln s 136.98 75.7715 mo 136.98 75.7715 ln s 140.253 56.897 mo 136.98 56.897 ln s	P e e r
	136.98 37.9985 mo 136.98 37.9985 ln s 136.98 0.25 mo 136.98 0.25 ln s 136.98 170.168 mo 136.98 16.583 ln s 1 lw 136.736 170.096 mo 136.722 169.952 ln	R e v i e w
	136.694 169.785 ln 136.653 169.643 ln 136.583 169.499 ln 136.512 169.332 ln 136.429 169.188 ln	O n
	136.332 169.046 ln 136.219 168.879 ln 136.094 168.735 ln	l y
	135.955 168.593 ln
	135.816 168.426 ln
	135.648 168.282 ln
	135.466 168.139 ln
	135.286 167.972 ln
	135.09 167.829 ln
	134.867 167.686 ln
	134.658 167.519 ln
	134.42 167.376 ln
	134.169 167.232 ln
	133.919 167.065 ln
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	133.654 166.922 ln	
	133.375 166.779 ln	
	133.083 166.612 ln	
	132.789 166.469 ln	
	132.482 166.326 ln	
	132.162 166.159 ln	
	131.84 166.016 ln	
	131.506 165.872 ln	
	131.158 165.705 ln	
	130.794 165.563 ln	
	130.432 165.419 ln	
	130.07 165.252 ln 129.679 165.109 ln 129.29 164.965 ln F 128.899 164.798 ln o 128.494 164.655 ln
	r 128.076 164.513 ln
	127.657 164.346 ln	
	127.224 164.202 ln 126.792 164.059 ln 126.346 163.892 ln 125.9 163.748 ln 125.44 163.605 ln 124.965 163.438 ln 124.505 163.296 ln 124.017 163.152 ln	P e e r
	123.543 162.984 ln 123.041 162.842 ln 122.553 162.698 ln 122.05 162.531 ln 121.535 162.389 ln 121.019 162.245 ln 120.503 162.078 ln 119.973 161.935 ln 119.444 161.792 ln 118.913 161.625 ln 118.37 161.481 ln 117.825 161.339 ln	R e v i e w
	117.282 161.172 ln 116.724 161.028 ln 116.166 160.885 ln 115.608 160.718 ln 115.037 160.575 ln	O n
	114.464 160.432 ln 113.892 160.265 ln 113.307 160.122 ln	l y
	112.736 159.979 ln	
	112.149 159.812 ln	
	111.549 159.668 ln	
	110.964 159.525 ln	
	110.365 159.358 ln	
	109.765 159.215 ln	
	109.166 159.072 ln	
	108.566 158.905 ln	
	107.953 158.762 ln	
	107.352 158.618 ln	
	106.739 158.451 ln	
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	106.125 158.309 ln	
	105.511 158.165 ln	
	104.883 157.998 ln	
	104.27 157.855 ln	
	103.642 157.711 ln	
	103.029 157.544 ln	
	102.402 157.401 ln	
	101.774 157.259 ln	
	101.146 157.092 ln	
	100.519 156.948 ln	
	99.8774 156.805 ln	
	99.2495 156.638 ln 98.6226 156.494 ln 97.981 156.352 ln F 97.353 156.185 ln o 96.7114 156.042 ln
	r 96.0835 155.898 ln
	95.4429 155.755 ln	
	94.8003 155.588 ln 94.1733 155.445 ln 93.5317 155.302 ln 92.8901 155.135 ln 92.2485 154.991 ln 91.6216 154.848 ln 90.98 154.681 ln 90.3384 154.538 ln	P e e r
	89.6968 154.396 ln 89.0698 154.228 ln 88.4282 154.085 ln 87.7866 153.941 ln 87.1587 153.774 ln 86.5171 153.631 ln 85.8901 153.488 ln 85.2485 153.321 ln 84.6206 153.179 ln 83.979 153.034 ln 83.3521 152.868 ln 82.7241 152.725 ln	R e v i e w
	82.0972 152.581 ln 81.4692 152.414 ln 80.8413 152.271 ln 80.2144 152.128 ln 79.5864 151.961 ln	O n
	78.9731 151.817 ln 78.3452 151.675 ln 77.7319 151.508 ln	l y
	77.1177 151.364 ln	
	76.5044 151.222 ln	
	75.8901 151.055 ln	
	75.2778 150.911 ln	
	74.6636 150.768 ln	
	74.0493 150.601 ln	
	73.4497 150.458 ln	
	72.8501 150.314 ln	
	72.2368 150.147 ln	
	71.6372 150.005 ln	
	71.0522 149.861 ln	
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	70.4517 149.694 ln	
	69.8657 149.551 ln	
	69.2661 149.408 ln	
	68.6812 149.241 ln	
	68.0952 149.098 ln	
	67.5093 148.955 ln	
	66.937 148.788 ln	
	66.3521 148.645 ln	
	65.7798 148.501 ln	
	65.2085 148.334 ln	
	64.6362 148.191 ln	
	64.0786 148.048 ln 63.52 147.881 ln 62.9487 147.738 ln F 62.3911 147.594 ln o 61.8472 147.427 ln
	r 61.2896 147.284 ln
	60.7456 147.142 ln	
	60.2017 146.975 ln 59.6577 146.831 ln 59.1138 146.688 ln 58.5835 146.521 ln 58.0542 146.377 ln 57.5239 146.234 ln 56.9946 146.067 ln 56.478 145.925 ln	P e e r
	55.9614 145.78 ln 55.4458 145.613 ln 54.9302 145.471 ln 54.4282 145.327 ln 53.9116 145.16 ln 53.4106 145.018 ln 52.9224 144.874 ln 52.4194 144.707 ln 51.9321 144.563 ln 51.4438 144.421 ln 50.9692 144.254 ln 50.4819 144.11 ln	R e v i e w
	50.0073 143.968 ln 49.5327 143.801 ln 49.0728 143.657 ln 48.6128 143.514 ln 48.1528 143.347 ln	O n
	47.6929 143.204 ln 47.2319 143.061 ln 46.7866 142.894 ln	l y
	46.3394 142.751 ln	
	45.9067 142.607 ln	
	45.4614 142.44 ln	
	45.0288 142.297 ln	
	44.5972 142.154 ln	
	44.1782 141.987 ln	
	43.7603 141.844 ln	
	43.3413 141.701 ln	
	42.9233 141.558 ln	
	42.519 141.391 ln	
	42.1147 141.247 ln	
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	41.7095 141.104 ln	
	41.3198 140.938 ln	
	40.9282 140.794 ln	
	40.5376 140.651 ln	
	40.1479 140.484 ln	
	39.771 140.34 ln	
	39.395 140.197 ln	
	39.0181 140.03 ln	
	38.6558 139.888 ln	
	38.2935 139.744 ln	
	37.9312 139.577 ln	
	37.5679 139.434 ln 37.2192 139.29 ln 36.8706 139.123 ln F 36.5356 138.98 ln o 36.187 138.838 ln
	r 35.853 138.671 ln
	35.5317 138.526 ln	
	35.1978 138.384 ln 34.8765 138.217 ln 34.5562 138.073 ln 34.2485 137.931 ln 33.9419 137.764 ln 33.6353 137.62 ln 33.3286 137.477 ln 33.0356 137.31 ln	P e e r
	32.7427 137.167 ln 32.4497 137.023 ln 32.1704 136.856 ln 31.8921 136.714 ln 31.6128 136.57 ln 31.3345 136.403 ln 31.0693 136.26 ln 30.8042 136.117 ln 30.5532 135.95 ln 30.2881 135.807 ln 30.0371 135.663 ln 29.8003 135.497 ln	R e v i e w
	29.5493 135.354 ln 29.312 135.21 ln 29.0752 135.043 ln 28.8521 134.9 ln 28.6289 134.757 ln	O n
	28.4058 134.59 ln 28.1826 134.447 ln 27.9731 134.304 ln	l y
	27.7642 134.137 ln	
	27.5547 133.993 ln	
	27.3599 133.851 ln	
	27.1646 133.684 ln	
	26.9692 133.54 ln	
	26.7739 133.396 ln	
	26.5928 133.23 ln	
	26.4116 133.086 ln	
	26.23 132.943 ln	
	26.0625 132.776 ln	
	25.8955 132.634 ln	
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	28.8936 115.263 ln	
	29.0752 115.119 ln	
	29.2563 114.952 ln	
	29.4375 114.809 ln	
	29.6191 114.666 ln	
	29.8003 114.498 ln	
	29.9814 114.355 ln	
	30.1768 114.213 ln	
	30.3579 114.046 ln	
	30.5532 113.901 ln	
	30.7485 113.759 ln	
	F o F o 30.9434 113.592 ln 31.1387 113.448 ln 31.3345 113.306 ln F 31.5435 113.162 ln o 31.7388 112.995 ln
	r r r 31.9478 112.852 ln
	32.1431 112.709 ln	
	32.3521 112.542 ln 32.561 112.398 ln 32.77 112.256 ln 32.98 112.089 ln 33.189 111.945 ln 33.3979 111.802 ln 33.6206 111.635 ln 33.8296 111.492 ln	P e e r P e e r P e e r
	34.0532 111.349 ln 34.2622 111.182 ln 34.4858 111.038 ln 34.7085 110.896 ln 34.9321 110.729 ln 35.1558 110.585 ln 35.3784 110.442 ln 35.6021 110.275 ln 35.8384 110.132 ln 36.061 109.988 ln 36.2993 109.822 ln 36.522 109.679 ln	R e v i e w R e v i e w R e v i e w
	36.7593 109.535 ln 36.9956 109.368 ln 37.2192 109.226 ln 37.4565 109.082 ln 37.6938 108.915 ln	O n O n O n
	37.9312 108.771 ln 38.1675 108.629 ln 38.4048 108.461 ln	l y l y l y
	38.6558 108.318 ln	
	38.8921 108.176 ln	
	39.1304 108.009 ln	
	39.3813 107.865 ln	
	39.6177 107.722 ln	
	39.8696 107.555 ln	
	40.1196 107.412 ln	
	40.3569 107.269 ln	
	40.6079 107.102 ln	
	40.8589 106.959 ln	
	41.1108 106.814 ln	
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	41.3618 106.647 ln	
	41.6118 106.505 ln	
	41.8628 106.362 ln	
	42.1147 106.195 ln	
	42.3657 106.052 ln	
	42.6157 105.908 ln	
	42.8667 105.741 ln	
	43.1323 105.598 ln	
	43.3833 105.455 ln	
	43.6479 105.288 ln	
	43.8989 105.146 ln	
	44.1646 105.002 ln 44.4155 104.834 ln 44.6802 104.691 ln F 44.9312 104.548 ln o 45.1958 104.381 ln
	r 45.4614 104.238 ln
	45.7261 104.095 ln	
	45.9771 103.928 ln 46.2417 103.784 ln 46.5073 103.642 ln 46.772 103.475 ln 47.0366 103.331 ln 47.3022 103.188 ln 47.5669 103.021 ln 47.8315 102.878 ln	P e e r
	48.0972 102.734 ln 48.3618 102.567 ln 48.6274 102.425 ln 48.9058 102.281 ln 49.1704 102.114 ln 49.436 101.972 ln 49.7007 101.828 ln 49.9653 101.661 ln 50.2446 101.518 ln 50.5093 101.375 ln 50.7739 101.208 ln 51.0532 101.064 ln	R e v i e w
	51.3188 100.922 ln 51.5972 100.755 ln 51.8618 100.611 ln 52.1274 100.468 ln 52.4067 100.301 ln	O n
	52.6704 100.158 ln 52.9497 100.015 ln 53.2153 99.8477 ln	l y
	53.4937 99.7051 ln	
	53.7583 99.5615 ln	
	54.0376 99.3936 ln	
	54.3032 99.251 ln	
	54.5815 99.1084 ln	
	54.8608 98.9648 ln	
	55.1255 98.7979 ln	
	55.4038 98.6543 ln	
	55.6694 98.5107 ln	
	55.9487 98.3438 ln	
	56.2134 98.2012 ln	
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	56.4917 98.0586 ln	
	56.771 97.8916 ln	
	57.0366 97.748 ln	
	57.3149 97.6045 ln	
	57.5796 97.4375 ln	
	57.8589 97.2939 ln	
	58.1372 97.1514 ln	
	58.4028 96.9844 ln	
	58.6821 96.8418 ln	
	58.9468 96.6973 ln	
	59.2251 96.5303 ln	
	59.5044 96.3877 ln 59.77 96.2441 ln 60.0483 96.0771 ln F 60.314 95.9346 ln o 60.5923 95.791 ln
	r 60.8706 95.624 ln
	61.1362 95.4805 ln	
	61.4155 95.3379 ln 61.6802 95.1709 ln 61.9585 95.0273 ln 62.2241 94.8848 ln 62.5034 94.7178 ln 62.7681 94.5742 ln 63.0464 94.4307 ln 63.311 94.2637 ln	P e e r
	63.5903 94.1211 ln 63.856 93.9775 ln 64.1343 93.8105 ln 64.3989 93.668 ln 64.6646 93.5244 ln 64.9438 93.3574 ln 65.2085 93.2139 ln 65.4731 93.0713 ln 65.7524 92.9043 ln 66.0171 92.7607 ln 66.2817 92.6177 ln 66.561 92.4507 ln	R e v i e w
	66.8257 92.3076 ln 67.0903 92.1641 ln 67.356 91.9971 ln 67.6353 91.854 ln 67.8999 91.7109 ln	O n
	68.1655 91.5439 ln 68.4292 91.4004 ln 68.6948 91.2573 ln	l y
	68.9595 91.0903 ln	
	69.2241 90.9473 ln	
	69.4897 90.8042 ln	
	69.7544 90.6372 ln	
	70.02 90.4941 ln	
	70.2847 90.3506 ln	
	70.5493 90.1836 ln	
	70.8149 90.0405 ln	
	71.0796 89.8975 ln	
	71.3442 89.7305 ln	
	71.5952 89.5874 ln	
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	71.8608 89.4438 ln	
	72.1245 89.2769 ln	
	72.3901 89.1338 ln	
	72.6411 88.9907 ln	
	72.9067 88.8237 ln	
	73.1714 88.6807 ln	
	73.4224 88.5371 ln	
	73.687 88.3701 ln	
	73.938 88.2271 ln	
	74.2026 88.084 ln	
	74.4536 87.917 ln	
	74.7192 87.7739 ln 74.9702 87.6304 ln 75.2358 87.4634 ln F 75.4868 87.3203 ln o 75.7368 87.1772 ln
	r 75.9878 87.0103 ln
	76.2534 86.8672 ln	
	76.5044 86.7236 ln 76.7554 86.5566 ln 77.0063 86.4136 ln 77.2573 86.2705 ln 77.5083 86.1035 ln 77.7593 85.9604 ln 78.0112 85.8169 ln 78.2612 85.6499 ln	P e e r
	78.5122 85.5068 ln 78.7632 85.3638 ln 79.0142 85.2207 ln 79.2651 85.0537 ln 79.5024 84.9102 ln 79.7534 84.7671 ln 80.0044 84.6001 ln 80.2417 84.457 ln 80.4927 84.314 ln 80.729 84.147 ln 80.981 84.0034 ln 81.2183 83.8604 ln	R e v i e w
	81.4692 83.6934 ln 81.7065 83.5503 ln 81.9429 83.4072 ln 82.1938 83.2402 ln 82.4312 83.0967 ln	O n
	82.6685 82.9536 ln 82.9058 82.7866 ln 83.1421 82.6436 ln	l y
	83.394 82.5005 ln	
	83.6313 82.3335 ln	
	83.8677 82.1899 ln	
	84.105 82.0469 ln	
	84.3276 81.8799 ln	
	84.5649 81.7368 ln	
	84.8022 81.5938 ln	
	85.0396 81.4268 ln	
	85.2769 81.2832 ln	
	85.4985 81.1401 ln	
	85.7368 80.9731 ln	
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	85.9595 80.8301 ln	
	86.1958 80.687 ln	
	86.4331 80.52 ln	
	86.6567 80.3765 ln	
	86.8804 80.2334 ln	
	87.1167 80.0664 ln	
	87.3403 79.9233 ln	
	87.563 79.7803 ln	
	87.8003 79.6133 ln	
	88.0239 79.4697 ln	
	88.2466 79.3267 ln	
	88.4692 79.1597 ln 88.6929 79.0166 ln 88.9155 78.8735 ln F 89.1392 78.7065 ln o 89.3618 78.563 ln
	r 89.5854 78.4199 ln
	89.7944 78.2529 ln	
	90.0171 78.1099 ln 90.2407 77.9668 ln 90.4644 77.7998 ln 90.6733 77.6563 ln 90.896 77.5132 ln 91.106 77.3462 ln 91.3286 77.2031 ln 91.5376 77.0601 ln	P e e r
	91.7476 76.8931 ln 91.9702 76.7495 ln 92.1792 76.6064 ln 92.3882 76.4395 ln 92.5981 76.2964 ln 92.8208 76.1533 ln 93.0298 75.9863 ln 93.2397 75.8433 ln 93.4487 75.6997 ln 93.6577 75.5327 ln 93.853 75.3896 ln 94.062 75.2466 ln	R e v i e w
	94.271 75.0796 ln 94.48 74.936 ln 94.6899 74.793 ln 94.8853 74.626 ln 95.0942 74.4829 ln	O n
	95.2896 74.3398 ln 95.4985 74.1729 ln 95.6938 74.0293 ln	l y
	95.9028 73.8862 ln	
	96.0981 73.7192 ln	
	96.2935 73.5762 ln	
	96.4878 73.4331 ln	
	96.6978 73.2661 ln	
	96.8921 73.123 ln	
	97.0884 72.9795 ln	
	97.2827 72.8125 ln	
	97.478 72.6694 ln	
	97.6743 72.5264 ln	
	97.8696 72.3594 ln	
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	98.0649 72.2158 ln	
	98.2456 72.0728 ln	
	98.4409 71.9058 ln	
	98.6362 71.7627 ln	
	98.8179 71.6196 ln	
	99.0122 71.4526 ln	
	99.2075 71.3096 ln	
	99.3892 71.166 ln	
	99.5845 71.0229 ln	
	99.7651 70.856 ln	
	99.9468 70.7129 ln	
	100.142 70.5698 ln 100.324 70.4023 ln 100.505 70.2593 ln F 100.686 70.1162 ln o 100.867 69.9492 ln
	r 101.049 69.8062 ln
	101.23 69.6626 ln	
	101.412 69.4956 ln 101.592 69.3525 ln 101.774 69.2095 ln 101.955 69.0425 ln 102.136 68.8994 ln 102.303 68.7563 ln 102.486 68.5894 ln 102.667 68.4458 ln	P e e r
	102.833 68.3027 ln 103.015 68.1357 ln 103.182 67.9927 ln 103.364 67.8496 ln 103.532 67.6821 ln 103.699 67.5391 ln 103.866 67.396 ln 104.046 67.229 ln 104.214 67.0859 ln 104.382 66.9424 ln 104.549 66.7754 ln 104.716 66.6323 ln	R e v i e w
	104.883 66.4893 ln 105.05 66.3223 ln 105.219 66.1792 ln 105.386 66.0361 ln 105.54 65.8691 ln	O n
	105.707 65.7256 ln 105.874 65.5825 ln 106.041 65.4155 ln	l y
	106.195 65.2725 ln	
	106.362 65.1294 ln	
	106.515 64.9619 ln	
	106.682 64.8188 ln	
	106.836 64.6758 ln	
	106.99 64.5088 ln	
	s	
	106.99 64.5088 mo	
	107.157 64.3657 ln	
	107.31 64.2227 ln	
	107.464 64.0557 ln	
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	121.437 46.6846 ln	
	121.521 46.541 ln	
	121.619 46.3979 ln	
	121.703 46.231 ln	
	121.799 46.0879 ln	
	121.883 45.9443 ln	
	121.967 45.7773 ln	
	122.065 45.6343 ln	
	122.149 45.4912 ln	
	122.232 45.3242 ln	
	122.316 45.1812 ln	
	F o F o 122.4 45.0376 ln 122.498 44.8706 ln 122.582 44.7275 ln F 122.665 44.5845 ln o 122.749 44.4175 ln
	r r r 122.833 44.2744 ln
	122.916 44.1313 ln	
	122.999 43.9639 ln 123.069 43.8208 ln 123.153 43.6777 ln 123.237 43.5107 ln 123.32 43.3677 ln 123.404 43.2241 ln 123.487 43.0571 ln 123.557 42.9141 ln	P e e r P e e r P e e r
	123.64 42.771 ln 123.724 42.6279 ln 123.794 42.4609 ln 123.878 42.3174 ln 123.948 42.1743 ln 124.032 42.0073 ln 124.101 41.8643 ln 124.185 41.7212 ln 124.254 41.5542 ln 124.337 41.4111 ln 124.408 41.2676 ln 124.478 41.1006 ln	R e v i e w R e v i e w R e v i e w
	124.561 40.9575 ln 124.631 40.8145 ln 124.701 40.6475 ln 124.785 40.5039 ln 124.854 40.3608 ln	O n O n O n
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