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EXCITATION OF A HYDROGEN ATOM BYBICHROMATIC 

RADIATION WITH THE FREQUENCY RATIO1:2 IN THE PRESENCE 

OF ELECTRIC FIELD  

               M. G. Arustamyan, V. A.Astapenko                                                                                                                UDC621.373 

In the framework of perturbationtheory, a probability of excitation of a hydrogen atom from the ground to thefirst excited state under bichromatic laser radiation with the frequency ratio1:2 in the presence of electric field is calculated, taking into accountquantum interference of two process channels. In the case under study, acoherent superposition of the 2s- and 2p-states, necessary for quantuminterference to occur, is formed under the action of the external electricfield. The excitation probability is analyzed depending on the relative phaseof monochromatic radiation components (the coherent phase control) for twoextreme cases: for a strong electric field, where the Stark splitting of anupper level essentially exceeds the spin-orbit one, and for the contrary limitof a weak field.  

INTRODUCTION 

The coherent phase control of atomicprocesses in a bichromatic field with multiple frequencies has beeninvestigated theoretically and experimentally for the last 15–20 years [1–3]. Aphysical basis for this phenomenon is the quantum interference of amplitudes ofdifferent process channels induced by monochromatic components of theelectromagnetic field. Different types of electron transitions induced bybichromatic radiation were studied: bound-free (photoionization of atoms andmolecules), bound-bound (excitation of atoms in the discrete spectrum) andfree-free (electron-atom scattering in a laser field) transitions. The moststudies are concerned with the bound-free transitions in atoms (see [2] and referencestherein) where the finite electron state is degenerated in the parity andangular momentum. This degeneracy brings about the presence of severalphotoionization channels under the action of monochromatic components at anyratio between their frequencies, and, consequently, a possibility of coherentcontrol.  

In the case of atomic excitation in thediscrete spectrum, the dipole selection rules essentially restrictmanifestation of quantum interference, provided the frequency ratio in thebichromatic field is specified by the numbers of different parity. This is thecase with the bichromatic field of the simplest form representing a coherentsuperposition of radiation at the fundamental frequency and that at the secondharmonic, and we have 

                                                                      F()t = F01cos(ω +t ϕ1 )+ F02cos(ω2 t + ϕ2 ),                                                              (1)  

where ω=2 2ω, F01 and F02 are the vector amplitudes ofthe first and second harmonics of the electric field, and ϕ1,2 are their initial phases.Hence, for the interference effect to occur, one requires an additional actionon a system mixing the atomic states of different parity. To this end, in [4]dealing with bichromatic excitation of an alkali atom on the ns → ns′ transition byradiation (1), it is suggested to use a constant uniform electric field. It isshown in the foregoing work, that the efficiency of coherent control ofexcitation probability due to a change in the relative phase ϕ = ϕ2 − 2ϕ1 (ϕ is “the bichromatic”phase) efficiently depends on the electric-field magnitude. In particular, inthe case of destructive channel quantum interference at ϕ = π, there is such a value of theconstant electric-field strength for which the excitation probability of theatom becomes zero. “Transparency” of the excited transition arises. In [4], thetransition between the non-
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Fig. 1. An excitation diagram for a hydrogen atomfrom the ground to the first excited state under bichromatic radiation (1) inthe presence of constant electric field (see the text). The dotted line shows adoubly degenerate non-shifted state of the atom, which in the case of strongelectric field corresponds to the magnetic quantum number ml=1= ±1. 

degenerate energy levels, where the quadratic Stark effecttakes place for the ground and excited states, was calculated. It hasdetermined the specificity of the phenomenon under study.  

A different situation arises in the caseof bichromatic excitation of the hydrogen atom where the energy levels aredegenerated in the orbital momentum (with the fine splitting being neglected).As a result, the Stark effect is linear in the electric field and coherentcontrol of excitation by the bichromatic radiation (1) must have itscharacteristic features. The present work studies this problem in the electricfields of various strength.  

1. COHERENT CONTROL OF EXCITATION IN A STRONG ELECTRIC FIELD  

Letus calculate the probability of excitation of a hydrogen atom in a uniformconstant electric field per unit time. The atom is excited from the groundstate to the Stark sublevels of the first excited state under the influence ofbichromatic radiation (1). We shall consider excitation to the Stark sublevels ± (Fig. 1) generated byinitial atomic states of different parity. Then two excitation channels areallowed by the selection rules: a one-photon channel (affected by thesecondharmonic radiation) and a two-photon channel (affected by thefundamental-frequency radiation). As a result, the total probability of theprocess contains an interference term depending on the bichromatic phase ϕ = ϕ2 − 2ϕ1 , whichdefines the possibility of coherent-phase control of excitation. 

In this section, we consider the case ofthe strong electric field, where the Stark splitting of the second energy levelof the hydrogen atom ∆ESt(n= 2)( n is the principal quantum number) essentially exceeds its finesplitting ∆Efs(n= 2)induced by the spin-orbit interaction. The strong-field criterion is specifiedby the following inequality (the atomic units e m= e = =1 are usedthroughout this work): 

                                                        ∆ESt(n= 2) = 6 F0 >> ∆Efs(n= 2) =2–5(137)–2( ≅4.5⋅10–5eV),                                                (2) 

where F0 is the absolute value of theconstant electric field. Inequality (2) imposes the condition on the fieldstrength 

F0 >> 103 V/cm, thefulfillment of which leads to the fact that fine splitting can be neglected incomparison with the Stark one. Then the wave functions of Stark componentsdepend on the solution of a secular equation, where the wave functions withpreset values of the orbital and magnetic quantum numbers are used as azero-order approximation.  

It iswell-known [5] that in the strong electric field, the second energy level ofthe hydrogen atom splits into three sublevels: two non-degenerate levels withshifted energy values ±and one non-shifted doubly degenerate level, which is insignificant for ourconsideration because it corresponds to the states with the same parity. Thewave functions of the shifted energy levels are  

	
                                                                                             Ψ± =

	
{ψ2s ± ψ2 0p }  , 

	
(3) 




where ψ2s and ψ2 0pare the unperturbed wave functions of the hydrogen atom, the magnetic quantumnumber of the  

2р-state wave function being zero. As seen from Eq.(3), in our case, the wave functions of the shifted Stark components are asuperposition of unperturbed wave functions of different parity. As a result,the matrix elements of the one- and twophoton excitation of the hydrogen atomfrom the ground state to these levels are found to be non-zero. So, one-photonabsorption is determined by the 2p-state contribution to the wavefunctions (3), and two-photon absorption depends on the 2s-statecontribution. The specific character of the case is that the expansioncoefficients of the wave functions (3) in terms of unperturbed hydrogen-likewave functions are independent of the constant electric field strength incontrast to the situation investigated in [4]. 

In thecase of the strong electric field affecting the hydrogen atom, theself-resonant frequencies of the transitions 

from the 1s-to ± states canbe written as 

                                                                                                ω±sf= ω ±0 3F0,                                                                                           (4)

where ω =0 3 8 a.u.is the unperturbed frequency of the n =1→ n = 2 transition in thehydrogen atom without taking fine splitting into consideration. Writing downEq. (4), we neglected the Stark shift of the ground-state energy. This shift isquadratic in the electric-field strength and, therefore, it is small incomparison with the shift of the excited-energy level linear in the field,provided the constant electric field strength satisfies the followinginequality:  

                                                                                                       F0<< Fa,                                                                                                (5)

where Fa = 5 10⋅ 9 V/cm isthe atomic unit of the electric-field strength. Condition (5) necessary forapplicability of perturbation theory is supposed to be satisfied throughoutthis work.  

Letus further assume that the line shape of excited transition is determined by aspontaneous decay of the upper level with photon radiation (about the conditionof applicability of this assumption see below). Therefore, the correspondingline width in the absence of electric field equals the Einstein coefficient ∆ω =a A2 1p s ≡A0 . In thecase of strong electric field affecting the hydrogen atom, as is easilyobtained with the wave function (3), the line widths of the 1 → ± transitions are ∆ω± = A±= A02 . Asa result, for the line-shape functions of shifted Stark components the followingrelation can be written: 

                                                                                 G±sf ( )ω = (    A)02 4π(      )2 .                                                                             (6)

                                                                                                     ω−ω±sf         + A0 4

Since ω±sf>> A0, for the fundamental frequency of laser radiation, the followingapproximate equality  

                                                                                       ,                                                                                 (7)

is valid. This equality follows from the energyconservation law for the case of excitation of the hydrogen atom from theground state to the shifted Stark sublevels. 

In theframework of the first-order perturbation theory for the one-photon absorptionamplitude at the second 

harmonic frequency to the shifted Stark components ± , we have  

                                                                  M = −(dF1s±02 )2 = ∓z1 2s p F02 cosαe−ϕi 2 2 2 .                                                            (8)

Here z1 2sp ≈ 0.75a.u. is the matrix element of the electric dipole moment for the 1s → 2p transitionin an unperturbed hydrogen atom and αis the angle between the vectors of the electric field strength and theelectric field strength in the second-harmonic radiation, respectively. Theconstant electric field is assumed to be oriented along the z axis. The factorscosα and 2 in theright-hand-side of Eq. (8) just as the ±sign resulted from using Eq. (3) for the wave functions of shifted Starkcomponents. In so doing, it was taken into account that the x- and y-projectionsof the matrix element of the dipole moment of the transition to the shiftedStark components are zero in the process geometry considered. In particular, itfollows from equality (8), that the amplitudes of one-photon transitions tothese components differ by the sign alone.  

In the case of sufficiently intenseradiation, the effects of mixing the 1s— and 2p-states canmanifest themselves at the second-harmonic frequency owing to the presence ofone-photon resonance. One of the consequences of this mixing is splitting ofthe resonant transition to sublevels. The transition frequency between thesesublevels is of the order of the Rabi frequency Ω02= z12s p F02 2 . Further, we shallassume that the given splitting is small in comparison with the Stark shift inthe constant electric field.  

We shall compute the amplitude oftwo-photon radiation absorption at the fundamental frequency within thesecond-order perturbation theory with respect to interaction of an atomicelectron with the electro-magnetic field. At the same time, we neglect theenergy shift of all states of the hydrogen atom induced by the electric fieldin comparison with virtual transition energies from the ground to the exitedstates. This is justified because inequality (5) is satisfied and interactionof the field at the fundamental frequency with all electron transitions in theatom is of non-resonant character. Therefore, it is possible, upon simpletransformations, to derive the following relation for the amplitude of two-photonexcitation of the hydrogen atom from the ground state to the shifted Starkcomponents of the second energy level from the standard quantum-mechanicalrelation: 

                                                                              M2( )±= 1 F e012 − ϕ2i 2 c1 2s s (ω −ω,                                                                            ), (9) 

                                                                                             4   2

where c1 2s s (ω −ω, )is the scalar part of the scattering tensor of electro-magnetic radiation withexcitation of the atom from the 1s— to the 2s-state, which isgiven by the well-known expression [6] 

                                                                               (      ′)=    ⎧⎪z1snp znp s2 + z1snp znp s2 ⎫⎪⎬,                                                                 (10) 

                                                                          cif                                            ω ω,′⎭⎪

n 2 ⎩

with the ω= −ω′             frequency corresponding to the two-photon absorptionat the frequency ω.It follows from Eq. (9) that the amplitudes of two-photon transitions to theshifted Stark components are equal in the approximation used.  

It should be noted that the amplitude oftwo-photon absorption (9) does not depend on the angle between the vectors ofthe constant electric field strength and the electric-field strength forradiation at the fundamental frequency because M2 isspecified by the spherically symmetric 1s- and 2s-states ofthe atom. 

In the case understudy, it is impossible to use the relation in terms of oscillator strengthsfor the scattering function cif , as it was done in [4],since the maximum contribution to the process is determined by the 2s → 2p virtualtransition with the zero eigenfrequency (neglecting fine splitting), and,consequently, with the zero oscillator strength. Moreover, one can easily seethat the matrix element of the transition dipole moment znp s2changes the sign at the transition from n =2 to greater principal quantum numbers. Hence, calculating thescattering function, it is necessary to take the sign of matrix element intoaccount, which is impossible to do using its oscillator-strengthrepresentation.  

Letus use the Coulomb Green function formalism [7] to calculate the c12s s (ω−ω, )magnitude. Calculating the magnitude of this function at the given frequency(4), it is possible to set ω≅ ω0 2 =3 16, because the Stark shift (owing to validity of condition (5)) ismuch lower than the eigenfrequencies of the hydrogen atom in the right-hand-sideof Eq. (10). In terms of this approach, the scattering function can be writtenas follows:  

                                         c1 2s sω−ω =, dxdyx y R3                                         3              1s()x R2s ( )y gl(=H1)(E= E1s+ω, ,xy),  (11) 

where R1s,2s ()r are the radial wave functions of the corresponding states ofthe hydrogen atom and gl(=H1)(Ex y, , )is the angular component of the Green function for the hydrogen atom. Tocalculate this function, use was made of the Sturm expansion [7], and we get 

                                                            (H)                   = 1        ∞         n4                        ⎛ nx ⎞         ⎛ ny ⎞

                                                         gl    (E x y, , ) ν( )E n l= +∑ 1 n−ν( )E Rnl ⎝⎜ν( )E ⎟⎠Rnl ⎝⎜ν( )E ⎟⎠ .                                            (12) 

Here Rnl()r are the radial wave functions of the hydrogen atom and ν()E =1−2E .Substituting the corresponding energy value E E=1s +ω=−516 into Eq. (12), we find the value c1 2s s ≅−15.7 a.u. for thescattering function of the hydrogen atom at the fundamental radiationfrequency. This value will determine the amplitude of the twophoton absorption(9). 

The excitation probability of shiftedStark components per unit time, taking into consideration both process channelsin the strong (in terms of satisfaction of inequality (2)) electric field, isfound as  

wtot()±= π2 G±sf ( )ω M1( )±+ M2( )±2

                                                                = π2 G ()      z       cosα      −ϕi 2 + c1 2s s F e012 − ϕ2i 12 .                                                   (13) 

± ω ∓ 1 2s p    F02 e sf

                                                                                               2    2                          4    2

	
Let us rewrite Eq. (13), explicitly separating the  bichromatic phase ϕ=ϕ2  − 2ϕ1 

	
 

	
 


	
                                                  wtot( )±  = wΣ(  )±  ⎧⎪⎨1±ζsf (I1, ,ηα) cos(  )ϕ ⎫⎪⎬ .  

                                                                                                  ⎩⎪            2                       ⎭⎪

where 

	
 

	
(14) 


	
                                                                    (  )±  = 2π2                     sf (  )ω ⎡ η 2 α 2 +  π 2

	
⎤

	
(15) 


	
                                                                 wΣ                G±           I1 ⎣c cos       z1 2s p        2 c1 2s s I1⎦ 




c2

is the net excitation probability of an atom, taking noaccount of quantum interference between the process amplitudes, c ≅137 a.u. is thevelocity of light, η= I2I1is the intensity ratio of monochromatic components, and I j = cF02j8π is 

the intensity of the jth monochromatic component ofradiation.  

Equations (14) and (15) are obtained inthe assumption of narrow bichromatic-radiation spectrum in comparison with theline width of the atomic transition. In the general case, it is necessary tomake a convolution over the frequencies of an atomic line shape and that oflaser radiation. It should be noted that in the Lorentz approximation for thelaser line shape this convolution again produces the Lorentz profile with thewidth equal to the sum of laser-spectrum width and that of the spectral line ofthe atomic transition.  

As seen from Eq. (14), the totalprobability of bichromatic excitation of the hydrogen atom to the shifted Starkcomponents depends on the relative phase ϕof radiation (1). Changing this quantity, one can control the process velocity,that is, to control the coherent phase.  
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The efficiency of coherent control is specified by thephase modulation coefficient 

                                                                                 ζ = 2 .                                                                        (16)

The explicit form of this coefficient (in the case ofstrong electric field) follows from the comparison of Eqs. (13) and (14) 

	
                                                                                 I1, ,                      2 α z1 22s p +  2πI c1 1 22s s . 

ηccos

The condition  of maximum phase modulation follows from Eq. (17) for ζsf = 2 , and we have 

                                                                                  z        cosα 2

	
(17) 




4cosα z                c              2πηcI ζsf (      η α =)   1 2s p             1 2s s             1

                                                                            c⎛ 1 2s p                  ⎞

                                                           I         =     ⎜                ⎟ η

                                                                          2π⎝    c1 2s s         ⎠                                                                                                (18) 

                                                          ≈ 4.87 10⋅ −2 ηcos2 α[a.u.]    ⎛⎜⎝≅ 1.710⋅ 15ηcos2 α⎢⎣⎡cmW2 ⎤⎦⎥⎞⎟⎠

Physically, condition (18) means the equality ofprobabilities of one-photon and two-photon excitation.  

Thephase-modulation coefficient (17) does not depend on the fact to which of theshifted Stark component the atom excites. At the same time, it is seen from Eq.(14) that the phase dependences of excitation probabilities of the ± 

( )−(ϕ = ϕ0 )= 0 (thesublevels are shifted by 180 degrees with respect to each other. Thus, forexample, if we have wtot

1s → − transition is “transparent”), then theprobability wtot( )+ (ϕ = ϕ0 )achieves its maximum as a function of bichromatic phase.  

It follows from Eq. (17), that theefficiency of phase control could be controlled not only by varying themonochromatic-component intensities, but also by means of variation of theangle α .  

Our estimations show that in the case ofoptimal relation between the parameters (see Eq. (18)), one can neglect powerand ionization broadening of the excited transition. The dynamic Stark effectcould also be neglected in comparison with the natural broadening of theexcited transition, provided I1 < 108 W/cm2.In the given case, this inequality is the criterion of applicability ofperturbation theory to the interaction of bichromatic radiation with an atom.  

Theexcitation probability value, as it follows from Eq. (14), is defined by thenet probability of process (15). Let us 

rewrite Eq. (15) for the case of the optimal relationbetween parameters (18) 

                                                                         w I                                                                     A  .                                                                                                           (19)

Formula (19) is convenient for estimating the excitationrate by the given ηand α parameters.

Thephase-modulation coefficient ζsfis shown in Fig. 2 as a function of intensity of the monochromatic 

component radiation at the fundamentalfrequency I1 for different values of the η parameter at thegiven angle between the vector of the constant electric field strength and thatof the electric-field strength in the second-harmonic radiation. This angle isclose to the right one: α= 87 . Therefore, in the resonance (ω= ω± ), Eq. (19) gives the following relation for the netprobability of bichromatic excitation of the hydrogen atom for the 1s → 2 0p transitionin the strong electric field: wΣ( )±≅ 3.3 10⋅ 8 ⋅η2 A0, where A0 ≅6.3 10⋅ 8s–1.  

 

Fig. 2. Phase modulation coefficient of excitationprobability for a hydrogen atom under bichromatic radiation (1) in thestrong electric field versus radiation intensity at the fundamental frequencyfor different values of the η= I2 I1 parameter and the angle α = 87° : η = 10–4 (1),10–5 (2), and 10–6 (3). 

It is seen from Fig. 2 that the positionof the maximum phase-modulation coefficient shifts to lower values of radiationintensities at the fundamental frequency with decrease in the intensity ratio η = I2 I1. It also follows from 

Eq. (18), that the value I1(opt)declines at α → 90with decrease in the matrix element d1s± .  

Forthe parallel orientation of the vector strengths F0and F02 (α= 0), very small values of the parameter η:

η<10−6correspond to moderate values of the optimal intensities I1(opt)( I1(opt)< 108 W/cm2). This fact is related withthe smallness of two-photon excitation probability as compared with theprobability of the one-photon process at comparable values of the first- andsecond-harmonic intensities. 

Takinginto account Eq. (18), it is convenient to rewrite the dependence ofphase-modulation coefficient on 

radiation intensity at the fundamental frequency (17) inthe form  

                                                                                        ζsf ()I1 =4+ II1II1(optopt) .                                                                             (17а)

1

It follows from Eq.(17a) that at small values of the parameter I1 ( I1< I1(opt)) the phase-modulation coefficient in the strong electric fieldchanges in accordance with the law ζsf = 4 I1 I1(opt) I1 > I1(opt) ) itdecreases as 

 . 

It should be noted that in contrast tothe considered situation with bichromatic excitation of alkali atoms in theelectric field [4], where the Stark effect occurs at a non-degenerate level,the phase-modulation coefficient ζdepends on the constant electric field strength, and the optimal values of theparameterη, as arule, are greater than one.  

2. COHERENT PHASE CONTROL IN A WEAK ELECTRIC FIELD  

Nowlet us consider bichromatic excitation of the hydrogen atom in such a weakelectric field, where an inequality inverse to condition (2) is satisfied. Inthis case, the electric field mixes the states of different parity (s-and p-states) only for a fine sublevel with j =1 2 (where j isthe quantum number of the total angular momentum). The wave functions of theStark components of this sublevel taking into consideration the Lamb shiftbetween the p— and s-states ( ∆EL) can be written as  

	
                                                                                         Ψ±  = as ψ +s  ap ψ p j, =1 2 , 

± where the coefficients as,p  are specified by the equalities [5] 

	
(20) 




                                                                                                     ±            ±

                                                                                                              a,                                                                                                    (21)

±= .               (22)       ap

The parameter y equals the ratio of the Starksplitting in the weak field (∆ESt) to the Lamb shift 

∆ESt = 2 3 F0 .  (23)        y =

                                                                                                    ∆EL            ∆EL

It should be noted that the derivative of the Starksplitting in the weak electric field with respect to the electric-fieldstrength is three times less than the same derivative in the case of the strongelectric field.  

Theexcitation frequencies of the shifted Stark components in the weak electricfield equal (with accuracy up to line 

widths)  

                                                                                   ω±wf= ω +0 ∆EL (1± 1+ y2 ),                                                                          (24)

2

where ω=0 E(2P1/2)− E(1S1/2)is the eigenfrequency of transition from the ground state to the lower energylevel of the first excited state (with allowance for the Lamb shift).  

As seen from Eqs.(20)–(22), the expansion coefficients of the shifted Stark components for theweak electric field depend on its strength in contrast to the Stark effect inthe strong electric field (see Eq. (3)). In particular, at F0 → 0 the following limittransitions take place:  

                                                                                         + → 2S1/2 and − → 2P1/2 .                                                                               (25)

Ifthe parameter y >1( ∆ESt> ∆EL), then we have ± →∓1 2 in the weakelectric field. Therefore, the dependence of the expansion coefficients of thewave functions Ψ±(see Eq. (20)) on the constant electric field strength vanishes similar to thecase of strong field (2).  

The widths of spectral line relatedwith transitions from the shifted Stark components of the fine sublevel ( j =1 2) 

to the ground state due to spontaneous radiation are foundas  

                                                                                       ∆ω±= A±= (a±p )2 A2 1p s ,                                                                              (26)

± → 0 where thecoefficients ap are specified by Eq. (22). It follows fromEq. (26) with allowance for Eq. (24) that at y ( F0 → 0): ∆ω+ → 0 and ∆ω →−              A21p s ≡ A0, however, for y >1, ∆ω± ≈ A0 2 .These relations define a change in the line 

shape functions G±wf()ω with achange in the electric field strength F0 for the weakelectric field.  

Using the same computational scheme asin the foregoing section with allowance for Eqs. (20)–(22), it is possible toderive a relation for the total probability of bichromatic excitation of thehydrogen atom in the weak electric field. This relation is analogous to Eq.(14) with the phase-modulation coefficient found as  

                                                                     ζwf = k y(= ∆ESt∆EL )ζsf ky() =     y       .                                                            (27)

1+y2

It follows from Eq. (27) that in thecase of weak electric field, an additional factor k , depending on theratio of the Stark splitting y to the Lamb shift, appears in therelation for the phase-modulation coefficient of excitation probability. Thisfactor tends to zero with a decrease in the electric-field strength and isclose to unity at y ≥1. 

Thus,one can conclude, that the phase-modulation coefficient of bichromaticexcitation probability of the hydrogen atom in the weak electric field differsfrom that in the strong electric field only for very low electric-fieldstrengths F0 < 50– 100 V/cm, when the Stark splitting ofthe excited sublevel with j =12 is markedly lower than the Lamb shift. As seen from Eq. (26) and Eq. (22),for such fields spectral lines of radiation absorption with an atom excitationto different Stark sublevels are strongly different with respect to the width. 

CONCLUDING REMARKS 

In this paper, the basic regularitieshave been found for light excitation of the hydrogen atom from the ground stateto the first excited state under bichromatic radiation with the frequency ratio1 : 2 in the presence of constant uniform electric field. The contributions tothe process of two-photon transition at the fundamental frequency andone-photon transition at the second-harmonic frequency were taken into account.The case of strong electric field where the Stark splitting exceeds thespin-orbit one as well as the opposite case of weak field were studied. Thecalculation was carried out under the conditions of applicability ofperturbation theory to the atom-radiation interaction, where the power andionization broadening of the excited transition and the dynamic Stark effectcan be neglected.  

It was shown, that the total probabilityof excitation harmonically depends on the relative (bichromatic) radiationphase, varying which it is possible to control the process rate, that is, torealize the coherent phase control of excitation.  

Inthe case of strong electric field, the phase-modulation coefficientcharacterizing the efficiency of coherent control does not depend on theelectric field strength, but is determined by the intensities ofmonochromatic-component radiation, the angle αbetween the vector of the constant electric field strength and that of thesecond harmonic-field strength and, also, the atom parameters. The optimalvalue of the intensity ratio η= I2 I1 decreases with adecrease in the first harmonic intensity and increases as the angle α approaches the rightangle. If the difference α− π 2 is not too small, then for moderate intensities of the firstharmonic ( I W/cm2), the optimal value of theparameter η ismuch lower than the unity as compared with the case of bichromatic excitationof alkali atoms in the electric field, where the characteristic values η =10−100 [4], that is, thesecond harmonic must be more intense than the first one.  

In the weak electric field, where thefine splitting is greater than the Stark one, the coherent phase controlpreserves the basic features characteristic of the strong field up to very lowelectric-field strengths, when the Stark splitting becomes a value of the sameorder or less than the Lamb shift. Then the phase-modulation coefficient ofexcitation probability begins to depend on the constant electric field strengthtending to zero in the low electric-field limit. The experimental observationof the phase control considered in this work can be realized by means of theluminescence method described in [8].  
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