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The PECs of the 6 Λ-S states have been calculated.

2. The PECs of the 11 Ω states arising from 6 Λ-S states have been calculated.

3. TDM of spin forbidden transition from different multiplicity were investigated.

4.

Interference of the intermediate aʹ 3 Σ + on direct laser cooling has been studied.

Introduction

Heavy metal hydrides are multipotent species which can act as important chemical intermediates in catalytic process [1][2][3], vital energy materials in fuel cell [START_REF]Intermetallics for hydrogen storage[END_REF], and their spectra are of significant interest in astrophysics, since they are evidently observed in cool stars and brown dwarfs [START_REF] Le Roy | [END_REF]. AgH is one of the typical heavy metal hydrides, and thus, it serves as a good example for studying the relativistic effects on the electronic structure [6].

AgH has been the vigorous subject of spectroscopic investigations from its first observation in 1925 [7]. Subsequently, Hulthén and Zumstein analyzed its rotationally resolved UV/visible spectra [8]. In 1931 Bengtsson and Olsson recorded an emission lines of AgH and observed 27 bands of A 1 Σ-X 1 Σ + system [9]. Later, Hulthen and Knave observed the transition of the A-X system of the AgH isotope AgD in 1935 [START_REF] Hulthén | The Hague[END_REF], but they only reported the rotational constants of the energy levels. Then the A-X system for AgH was analyzed in detail by Gerö and Schmid in 1943 [START_REF] Gerö | [END_REF]. They recorded and observed 60 bands of AgH, revealing a distinct anomalous A 1 Σ + state. Based on the irregular behaviors, they proposed that it was mainly caused by the perturbation from the nearby B 1 Σ + state. Two decades later, R. C. M. Learner put forward different opinions on Gerö and Schmid's explanation of the anomalous behavior of A 1 Σ + state [12], and he proposed that the anomalous shape of A 1 Σ + state was the result of the avoidance of crossover. Finally, the first high resolution spectroscopy experiment was a considerable improvement in accuracy by Birk and Jones in 1989 [13]. They measured the infrared spectra of two isotopologues, namely 107 AgH and 109 AgH, by using a tunable diode laser spectrometer.

For heavy metal hydride molecules, relativistic effects must be considered during ab initio calculations of equilibrium bond lengths, dissociation energies, and dipole moments. In the 1970s, AgH was taken as the prototype for studying relativistic effects in diatomic species [14,15]. However, most similar studies focused on the ground state of AgH [16][17][18][19][20][21]. Witek et al. [22] studied the ground state X 1 Σ + and the first few excited states of AgH. The potential energy curve (PEC) of the A 1 Σ + state of AgH was calculated by using relativistic all-electron multi-reference perturbation, but the results are not perfectly consistent with those of Learner [12]. It was shown that there is a change in the curve at the bond length around 3 Å. Witek et al. [23] utilized the second-order multistate multireference perturbation theoretical calculations, including spin-orbit coupling (SOC) effect and relativistic effects, to explain that the peculiar shape of the A 1 Σ + due to the two avoided crossings. Li et al. [24] used the relativistic effective nuclear potential of Ag to evaluate the elements of the SO interaction matrix between 1 Σ + and 3  states and the nonadiabatic coupling states between 1 Σ + states. Regarding the low-lying states and SOC effects, the accurate calculations of electronic structure and spectroscopic properties of AgH still remain sparse. The SOC effect dominates the complex electronic structure of open-shell diatomic systems, in particular, those containing a transition metal [25]. In addition, the SOC interaction not only changes the radiative, magnetic, and electrical properties of the excited state, but also makes possible inter-combination (spin-forbidden) transitions, self-ionization, and dissociative recombination.

Furthermore, AgH is an important candidate for laser cooling. Guided by the laser cooling criteria [26], schemes for cooling many diatomic neutrals have been proposed, such as RaF [27], AlH [28], AlF [28], BeF [29], MgF [30], GaF [31], and BH [31]. Experimentally, significant progress has been made over the past decade in direct laser cooling and magneto-optical trapping of diatomic molecules including SrF [32], YO [33,34], and CaF [35,36]. As for AgH, we proposed the simplest 1 Σ-1 Σ electronic system of direct laser cooling [37]. It is worth noting that the ground triplet state (aʹ 3 Σ + ), the only intermediate electronic state between the X 1 Σ + and A 1 Σ + states, is weakly bound, which potentially poses an additional channel for population leakage in laser cooling. To achieve a high cooling efficiency, spontaneous decays from states involved in the closed-cycle transitions out of the cycle should be avoided.

The aims of this work are to carry out internally contracted multiconfiguration-reference configuration interaction (MRCI) calculations to predict molecular constants and transition properties of AgH relevant to SOC. The 6 Λ-S states split into 11 Ω states when the SOC is considered, and the spectroscopic constants of low-lying Λ-S and the corresponding Ω states are obtained based on the computed PECs. Besides acquiring the transition dipole moment (TDM) between singlet and triplet states, the influence of intermediate 3 Σ state is considered in the 1 Σ-1 Σ transition system for the direct laser cooling of AgH.

Methods and Computational details

The ab initio calculations of the electronic structure of the AgH were performed by using the complete active space self-consistent field (CASSCF) followed by the MRCI approach [38][39][40]. All in all, 69 single point energy calculations were carried out for each state in the internuclear distance (R) range 0.8Å -8.0Å to construct the PECs. The correlation consistent basis sets aug-cc-pwCVnZ-PP (n = T, Q, and 5) for 4d and 5d metals [41][42][43] were employed, with correspondence to pseudopotential for the inner core electrons. The core electrons of the Ag atom are represented by the energy-consistent pseudo-potential [44], which is formed from the basis set converged toward the complete basis set limit [41]. The PP replaces 28 electrons of 1s -3d cores of Ag. The 28 electrons of inner shell in the Ag atom are not removed and are treated as a single nucleus, and the aug-cc-pwCV5Z-PP [41] and aug-cc-pV5Z [45] basis sets were selected for the Ag atom and the H atom, respectively. The C2v point group was adopted in the calculation of electronic structures. The C2v point group, as a sub-group of the C∞ν point group, holds A1/A2/B1/B2 irreducible representations and the corresponding relationships between the C∞ν and C2v point groups are Σ + =A1, Π=B1+B2, Δ=A1+A2 and Σ -=A2 respectively. For the AgH molecule, five a1, one b1, one b2, and one a2 molecular orbitals (MOs) were chosen as the active space, corresponding to the atom orbitals of 4d, 5s, and 5pσ for Ag and 1s for H. Therefore, the active space is denoted as (5, 1, 1, 1), which represents 12 electrons occupying 8 MOs. Additionally, the 4s and 4p orbitals of Ag are closed but are not frozen in the calculations.

In MRCI calculation, all configuration state functions in CASSCF were taken as a reference. All electrons are correlated. The calculations were carried out in restriction of the C2v point group by using the MOLPRO program suite [46]. The spin-orbit coupling terms were evaluated between the electronic states of interest over the CASSCF wavefunctions and the Breit-Pauli Hamiltonian.

The 6 -S states split into 11  states in consideration of the SOC effect. The PECs of these 6 -S and 11  states were derived based on the avoided crossing rule.

According to the PECs of the -S and  states, the corresponding spectroscopic constants of the bound states, including equilibrium internuclear distance Re, vibrational constants ωe, and ωeχe, and rotation constant Be, centrifugal distortion constant De, were determined by solving the one-dimensional nuclear Schrödinger equation with the aid of the LEVEL program [47,48]. The transition properties of the AgH between different multiplicities caused by SOC were also evaluated at the MRCI level. Finally, the interference of SOC on direct cooling of laser intermediate states was investigated by numerically solving the rate equation using the obtained TDM parameters.

Result and Discussion

PECs and spectroscopic constants of -S states

PECs as a function of internuclear distance are plotted in Figure 1. The energy of these potentials is given with respect to the minimum of ground state X 1 Σ + . Six -S states including three singlet states (X 1 Σ + , A 1 Σ + , and C 1 ) and three triplet states (aʹ 3 Σ + , a 3 , and bʹ 3 Σ + ) were calculated. These electronic states are associated with converge adiabatic to the Ag( 2 Sg) + H( 2 Sg) and Ag( 2 Pu) + H( 2 Sg) asymptotes. Generally, the pattern of the electronic states located in the Franck-Condon region is in good agreement with the previous ones. At its equilibrium, the ground (X 1 Σ + ) state arises mainly from the configuration of 10σ 2 11σ 2 5πx 2 5πy 2 2δ 2 12σ 2 13σ 0 14σ 0 (96.92%). The first (A 1 Σ + ) and the lowest triplet electronic state (aʹ 3 Σ + ) are generated by the promotion of an electron from the 12σ orbitals to the 13σ orbital. The specific electronic configuration of all states is listed in the Table 1. It is noted that the ground triplet (aʹ 3 Σ + ) state, the only intermediate electronic state between the X 1 Σ + and A 1 Σ + states, is weakly bound. Its PEC features a shallow well and does not hold any vibrational levels according to the calculation. PECs of the other two triplet states (a 3 Π and bʹ 3 Σ + ) almost overlap with the C 1  state.

Table 1. The main configurations at Re of the -S States of AgH

-S States

Main configurations at Re (%)

X 1 Σ + 10σ 2 11σ 2 5πx 2 5πy 2 2δ 2 12σ 2 13σ 0 14σ 0 (96.92%)

A 1 Σ +
10σ 2 11σ 2 5πx 2 5πy 2 2δ 2 12σ 1 13σ 1 14σ 0 (67.66%) 10σ 2 11σ 2 5πx 2 5πy 2 2δ 2 12σ 2 13σ 0 14σ 0 (18.63%) aʹ 3 Σ + 10σ 2 11σ 2 5πx 2 5πy 2 2δ 2 12σ 1 13σ 1 14σ 0 (98.81%)

C 1  10σ 2 11σ 2 5πx 1 5πy 2 2δ 2 12σ 2 13σ 1 14σ 0 (69.67 %) a 3  10σ 2 11σ 2 5πx 2 5πy 1 2δ 2 12σ 2 13σ 1 14σ 0 (98.93%) bʹ 3 Σ + 10σ 2 11σ 1 5πx 2 5πy 2 2δ 2 12σ 2 13σ 1 14σ 0 (98.83%)
The calculated spectroscopic constants are listed in Table 2. The equilibrium distance of the ground state X1Σ+ is calculated at 1.618Å, which is close to the experimental value of Bengtsson and Olsson [9]. Compared with the Bengtsson's work as listed in Table 2, the differences with our determined Be = 6.448cm -1 , ωe = 1746.47cm -1 , and ωeχe = 38.89cm -1 , are 0.002cm -1 , 13.23cm -1 , and 4.92 cm -1 , respectively. As aforementioned, the shallow potential well of the lowest triplet (aʹ 3 Σ + ) state does not hold vibrational levels, so the constants of this continuum sate are not derived. The following spectroscopic parameters for A 1 Σ + state such as, Re =1.614 Å, Be = 6.448 cm -1 , De=2.23 eV agree well with those obtained by Witek and coworkers [22]. The calculated Te and ωeχe for the state C 1  are 44966 cm -1 and 43 cm -1 , the corresponding experimental values are 41261 cm -1 and 42 cm -1 [49]. Therefore, the deviations are 8% and 2.4%, respectively. Although De of state a 3  is close to the experimental value of 1.2 eV, the consistence of Be and ωe with experimental ones are not perfect [49]. The Te value of state A 1 Σ + is 29989 cm -1 , close to the experimental value 29959 cm -1 [49]. For state C 1  and state a 3 , the differences with the experimental values are with 8.9% and 1.9% errors, respectively [49]. 

Spin-orbit coupling of the -S states

The SOC effect is the main source of intramolecular perturbations due to the flexible selection rules for the corresponding SO operator. Typically, the strength of the SO interaction decreases as electronic excitation energy increases. However, the impact of this interaction on the nonadiabatic mixing of excited states does not diminish, since the density of interacting states grows rapidly at highly excited states.

To elucidate the strong interactions between the electronic states of AgH, we calculate the SOC matrix elements |Hso| of the -S states with Breit-Pauli operators. Figure 2 presents the calculated |Hso| results as a function of the internuclear distance, as shown the SOC of X 1 Σ + -a 3 Π, A 1 Σ + -a 3 Π, C 1 Π -aʹ 3 Σ + , C 1 Π -bʹ 3 Σ + , aʹ 3 Σ + -a 3 Π and bʹ 3 Σ + -a 3 Π. The |Hso| in the Franck-Condon region (Re of X 1 Σ + is 1.618 Å) is in the range of -1100 ~800 cm -1 . At the crossing points between the -S states, the |Hso| values are about 590, 549 and 140 cm -1 for A 1 Σ + -a 3 Π, bʹ 3 Σ + -a 3 Π and aʹ 3 Σ + -a 3 Π respectively. These results strongly indicate that the SOC effect plays an important role in electronic slates of AgH. The SOC effect will lead to the splitting of multiplet electronic states and strong interactions for the -S states of the molecules. In consideration of SOC, X 1 Σ + corresponds to X0+ state, A 1 Σ + becomes to (2)0+ state, aʹ 3 Σ + splits to (1)0-and (1)1 states, bʹ 3 Σ + corresponds to (3)0-and (3)1 states, a 3  splits to (2)0-, (1)2, (2)1 and (3)0+ states, and C 1  respects to (4)1 state. Consequently, the PECs as well as the spectroscopic constants and transition properties for the corresponding states will be affected as will be discussed in detail in the following section.

The SO functions themselves are strongly dependent on internuclear distance R, and their long-range tails are responsible for the complex dynamics of states near the dissociation threshold. The main component of the ground state X0+ in the R=0.8 -8.0Å region comes from the X 1 Σ + state. For the ground state, the effect of SOC is small and can be neglected. For either (1)0-or (1)1 state, the aʹ 3 Σ + state is the leading component, but a trace partition of a 3  state is found, accounting for about 0.1%-0.3%. As examples, the -S compositions of (2)0+, (2)0-, (3)1, and (3)0-states are stated as follows. The main component of (2)0+ state is 99.98% A 1 Σ + state at R~0.9Å, and a 3  participates with the increase of bond length. The composition of (3)1 state finally consists of 60.43% A 1 Σ + state and 39.56% a 3  state at R>2.3Å. With the increase of R, the composition of the (3)1 state contains not only the bʹ 3 Σ + state, but also the C 1  and a 3 Π states.

Although the four electronic states are dominated by A 1 Σ + , bʹ 3 Σ + , and a 3 , respectively, there will be disturbances of other -S states at large R region, indicating the complicated state-mixing and interaction between the excited electronic states of AgH. 

PECs and spectroscopic constants of  states

Figure 1 shows the high density of electronic states located for energies greater than 40000 cm -1 . This high density should favor their mutual interactions and the mixings of their wavefunctions by vibronic, SO, and rotational couplings. The -S states are split into their spinorbit components with a definitive  quantum number. In the present work, we consider three states of 0+, three states of 0-, four states of 1, and one state of 2 due to SOC. The  = 0+ states arise from the X 1 Σ + , A 1 Σ + and a 3  states, the  = 0-states are from the aʹ 3 Σ + , bʹ 3 Σ + and a 3  states, and the  = 1 states origin from C 1 , aʹ 3 Σ + , bʹ 3 Σ + and a 3  states. The  = 2 state arises from the a 3  state. These  states correspond to three dissociation limits and are tabulated in Table 3. These  states correspond to three dissociation limits. The detailed dissociation relationships of the  states are listed in Table 3. The calculated the dissociation limits are in good agreement with the experimental values [53], and the corresponding difference values are 280cm -1 and 252cm -1 . In Figure 3, it shows the calculated PECs of the  states of AgH. In Figure 4, it shows the PECs from There are several avoided crossings induced by the strong SOC between the states. Because of the SOC effect, the shape of a Ω-state PEC changes significantly comparing to the corresponding -S states. As listed in Table . 4, the molecular constants of X0+ state from this work is in agreement with the experimental values [START_REF]Molecular Spectra and Molecular Structure IV-Constants of Diatomic Molecules[END_REF]. The ωe and ωeχe have a difference of 14 cm -1 and 4.89 cm -1 , respectively. The a 3  state is split into (1)2, (2)1 and (3)0+ substates due to spin-orbit coupling. Our calculated results basically agree with the experimental values [START_REF]Molecular Spectra and Molecular Structure IV-Constants of Diatomic Molecules[END_REF], although the ωe of (1)2, (3)0+ states are overestimated by 64 cm -1 and 74 cm -1 , Re of (2)1 state is underestimated by 0.1038 Å and its Be is overestimated by 0.55 eV. Meanwhile, it is discovered that SOC effect significantly influences the calculated results of PECs for heavy metal hydride molecules, so it could not be ignored.

Transition moment of spin forbidden transition between different multiplicity

For a diatomic heteronuclear molecular system, the selection rules are Δ=0,±1; ΔS=0; ΔΣ=0; Δ=0,±1 [START_REF] Lefebvre-Brion | The Spectra and Dynamics of Diatomic Molecules[END_REF]. Obviously, from the above selection rule, the transition with ΔS=1 is forbidden. However, it could make inter-combination (spin-forbidden) transitions possible due to SOC [START_REF] Li | [END_REF]57]. The triplet states and singlet state C 1  of AgH, where the electronic states are in close proximity on the potential energy curves. These triplets connect the singlets located in the Franck-Condon region of the ground state to the corresponding photodissociation products. For AgH (C 1 ), the situation is complicated since this singlet is embedded into a set of potentials of the triplets. Currently, we consider the transition properties between the different multiplicity states.

Figures 5 and6 illustrate the calculated transition moments as the functions of internuclear distances for the transitions between the singlet and triplet states. Figure 5 (a) depicts that the transition moment <(3)1|μ|X0+> is as large as 0.35 D in comparison with 0.039 D for <(1)1|μ|X0+> around Re. The transition moment of <(2)1|μ| X0+> shares the similar trend with that of <(3)1|μ|X0+> at R=1.5 Å-1.8 Å, but its value 0.277 D is smaller. Additionally, the <(1)1|μ|X0+> varies little in the Franck-Condon region. In the range of 2.1 Å -3.5 Å, the TDM of spin forbidden transition between bʹ 3 Σ + , a 3  and X 1 Σ + decreases with the increase of R. For the transition moment of <(2)1|μ|X0+>, it reaches the maximum at 2.05 Å and gradually tends to zero at 3.5 Å, indicating that no transition occurs later. Corresponding to the potential energy curve, 3.5 Å is exactly the edge of the potential well for (2)1 and X0+ states.

As presented in Figure 5 (b), the transition moment of triplet Ω-states with (2)0+ is much smaller than that of interaction with X0+, in between 0.0 and 0.1 a.u., therefore their relevance is minor. The tendency of the TDM of spin forbidden transition between (2)1, (3)1 and (2)0+ is generally identical to each other.

Eight Ω-states could interact with (4)1 state according to the transition selection rules. The topography of transition moment with internuclear distance of <(1)1|μ|(4)1> and < (2)1|μ|(4)1> are comparable and their maximum occurs around 2.1Å and 2.6 Å. However, the maximum magnitude of the transition moment corresponding to (1)1, shown in Figure 6(a), is 3.6 times more than that of the <(2)1|μ|(4)1> presented in Figure 6(b). Transition moments from other Ω-states with (4)1 state too weak to be neglected for electronic transitions.

Thus, the AgH molecule has an intermediate state aʹ 3 Σ + between the ground state X 1 Σ + and the first excited state A 1 Σ + . Further question is that the intermediate state would terminate the laser cooling cycle of the 1 Σ-1 Σ electronic transition, because the spontaneous radiation of A 1 Σ + -aʹ 3 Σ + arises from the TDM of spin forbidden transition and aʹ 3 Σ + is a dissociative state. The lost number of molecules in laser cooling was acquired by Einstein coefficient. In combination with the TDM of spin forbidden transition, Einstein coefficient of spontaneous emission between bound and dissociative state was calculated via BCONT program [START_REF] Roy | BCONT, Version 2.2. Computer program for calculating absorption coef ficients, emission intensities or (Golden rule) predissociation rates[END_REF]. The result shows it is as small as 0.136 for A 1 Σ + (υʹ=0, Jʹ=0) -aʹ 3 Σ + . With comparison of 1.79×10 7 for A 1 Σ + (υʹ=0, Jʹ=1) -X 1 Σ + (υʺ=0, Jʺ=0), the lost molecules due to intermediate aʹ 3 Σ + state could be neglected in laser cooling process. 

Conclusion

In this work, high-level ab initio calculations were performed on low-lying electronic states of AgH using the internally contracted MRCI method based on a large augmented correlation consistent aug-cc-pwCV5Z-PP basis sets in conjunction with effective core potentials. It was found that the intermediate state aʹ 3 Σ + exists with potential wells, and its PECs holds only three vibrational levels according to the calculation. Considering the SOC, 11  states generated from the 6 -S states have been studied and the corresponding molecular constants have been derived. The obtained spectroscopic parameters are consistent with the experimental ones. Maximum of transition moments for < (3)1|μ| X0+ > and < (3)0+|μ| (2)0+ > are 0.62 D and 0.224 D around 2.1 Å, respectively. The tendency of transition moments of (1)1 and (3)1 with (2)0+ is generally identical to each other. Additionally, the transition moment lines of < (1)1|μ | (4)1> and < (3)1|μ| (4)1> are similar to each other, but the < (1)1|μ | (4)1>'s maximum is 2.1 times larger than that of the < (3)1|μ| (4)1>. The TDMs of X 1 Σ + and A 1 Σ + with the intermediate state aʹ 3 Σ + were obtained. According to the obtained simulation results, it is demonstrated by solving the rate equation that the influence of intermediate states aʹ 3 Σ + on the 1 Σ-1 Σ system of direct laser cooling of AgH could be ignored.
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 1 Fig.1. Calculated potential energy curves (PECs) of -S states of AgH
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 2 Fig.2. The spin-orbit matrix elements of -S states of AgH
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 3 Figure 3, it shows the calculated PECs of the  states of AgH. In Figure 4, it shows the PECs from Figure 3 separated according to different  substate. Figure (a), (b), (c) and (d) of Figure4all contain the ground state X0+ for comparison. From the PECs of the bound  states, the spectroscopic constants are obtained, and the corresponding results are presented in Table4.
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 3 Fig.3. Calculated potential energy curves (PECs) of  states of AgH
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 4 Fig.4. (a) PECs from Fig. 3 for  = 0+, (b) PECs from Fig. 3 for  = 0-, (c) PECs from Fig. 3 for  = 1, (d) PECs from Fig. 3 for  = 2.
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 5 Fig.5. (a) Transition pole moment of (1)1, (2)1, (3)1and (3)0+ with X0+, (b) Transition pole moment of (1)1, (2)1, (3)1and (3)0+ with (2)0+.
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 6 Fig.6. (a) Transition pole moment of (1)0-, (1)1, (3)0-and (3)1 with (4)1, (b) Transition pole moment between (1)2, (2)1, (2)0-and (3)0+ with (4)1.

Table 2 .

 2 Spectroscopic constants of -S states of AgH

	Ref.

-S States

Te(cm -1 ) Re(Å) Be(cm -1 ) De(eV) ωe(cm -1 ) ωeχe(cm -1 )

Table 3 .

 3 Dissociation limit relationships of  states of AgH

	 states	Atomic state		Energy(cm -1 )
		(Ag+H)	Calc.	Expt. [53]
	X0+, (1)0-, (1)1	Ag( 2 S1/2) + H( 2 S1/2)	0	0
	(2)0+, (2)0-, (2)1	Ag( 2 P1/2) + H( 2 S1/2)	29272	29552
	(3)0+, (3)0-, (3)1, (4)1, (1)2	Ag( 2 P3/2) + H( 2 S1/2)	30494	30242

Table 4 .

 4 Computed spectroscopic constants of  states of AgH along with literature data

	 States	Te(cm -1 )	Re(Å)	Be(cm -1 )	De(eV)	ωe(cm -1 )	ωeχe(cm -1 )	Ref.
	X0+	0	1.618	6.45	2.29	1746	38.89	This work
		0	1.620	6.43		1902		Cal.[22]
		0	1.618	6.45	2.38979	1760	34	Exp.[54]
	(2)0+	29989	1.6138	6.45	2.233	1792	47	This work
		29195	1.604	6.56		1805		Cal.[22]
		29921	1.665	6.09	2.368	1490	87	Exp.[54]
	(4)1	42233	1.8	5.2	0.84	1440	11.57	This work
		46696	1.934	4.51		1028		Cal.[22]
		46696	1.8	5.23		845		Exp.[54]
	(1)2	41489	1.779	5.32	0.91	1523	31.24	This work

Acknowledgement

We are indebted to Prof. Wenli Zou in Northwest University of China and Prof. Robert W. Field in MIT Department of Chemistry for their helpful discussion and insightful suggestions. This work is supported by National Natural Science Foundation of China (U1810129, 52076145 & 11904252). BF and MS grateful for the support by the European Union and the Hungarian State, co-financed by the European Regional Development Fund in the framework of the GINOP-2.3.4-15-2016-00004 project, which aims to promote cooperation between higher education and industry. Further support to MS and BF has been provided by the National Research, Development and Innovation Fund (Hungary) within the TKP2021-NVA-14 project.