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Phase control of molecular ionization: H* and Hz** in intense two-color laser fields
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Charge resonance-enhanced ionization is examined for combinations of intense, linearly polarized laser
fields, and their second harmoriitw-2w) for both a diatomic molecular iofH,") and an asymmetric linear
triatomic molecular ior(H;?"). lonization is found to be strongly dependent on tilative phasésetween the
two colors in both cases. In particular fop Hone can achieve nearly complete ionization of electrons at one
of the nuclei only. For the asymmetric linear triatomic molecular(idg?*) enhanced ionization is shown also
to occur at large critical distances. In the presence of two color fields, the ionization rate of the asymmetric
H32+ can be controlled again by tuning the relative phase between the driving fields. The phase control of the
enhanced ionization can be rationalized in terms of field-induced over-the-barrier ionization and laser-induced
electron localization or equivalently electron tunneling suppres$®t050-29476)05110-4

PACS numbgs): 42.50.Hz, 32.80.Rm, 42.65.Ky, 33.9h

[. INTRODUCTION the lw-2w combination, on ionization control. This combi-
nation is known to break explicitly the reflection symmetry
Recently it has been shown by three-dimensiof®)  with respect to the midplane perpendicular to the internu-
simulations that intense-laser-field ionization of a molecularclear axis of a diatomic molecule. It leads to the generation
system can be dramatically different from that of an atomicand control of even harmonics for molecules interacting with
system[1-3]. As an example, one-electron diatomic molecu-Such mixed field$13]. In the applications of13] the inten-
lar ions such as kf, when subjected to an intense, linearly Sities of the second harmoni@w) field were taken to be
polarized laser field parallel to the molecular orientation, jon-three orders of magnitude less than the fundame(ita)
ize with a rate one order of magnitude greater than the Hield in order to illustrate the enormous sensitivity of the
atom when stretched to a critical, large internuclear distancé€ven harmonic generation on the “biagthe asymmetry
R. . This laser-induced-molecular enhancement effect can b@troduced by the d-2» mixing along the laser polarization
attributed to electron tunneling suppression by the dynami@xis. In this work the intensities of the two fields are taken to
Stark effect of the laser and over-the-barrier ionization in-P€ comparable. This results in a larger “bias” in the electric
duced by the instantaneous static laser fiébd details, see field along the laser polarization axis that is necessary in
[1,2]). The latter can also be viewed as an intense static-fiel@'der to significantly influence the process of tunneling ion-
tunneling ionization of quantum systems aided by adjaceniation. We will see that ionization of H in such fields
ion as originally suggested by Codling, Frasinski, andstrongly depends on the relative phase between the two col-
Hatherly[4], and since then confirmed by numerical simula-©rs. In fact, for certain phases ionization can basically occur
tions on 3D[2] and 1D modeld3]. We have called this only at one side of the molecular ion. This provides an effi-
combined effect CREI, charge resonance-enhanced ioniz&l€nt approach to prepare asymmetric molecular states.
tion, and it serves now to shed new light on intense-field Another goal of this work is to examine whether intense-
Coulomb explosion experiments for small molectilés6]. field ionization of triatomic molecular systems is also
Clear signature of this effect has been recently obtained b§trongly structure and field dependent. We will see in this
Corkum and co-worker§7] experimentally inl, molecules ~Work that ionization is again greatly enhanced when one
and Chelkowskiet al. [8] in fully 3D computer simulations bond is stretched to a critical large distance along the laser
of Coulomb explosion of K. Some indication of the mani- Polarization axis. Such an asymmetric lineas”H system

festation of this effect in laser-cluster interactij®$and in ~ €an be viewed equivalently as a H," system, in collision
multielectron diatomicg10] has been obtained in recent under the influence of a laser. Thus for the-2w field com-

classical numerical simulations. bination, we found that the ionization of the"HH, " system,
The purpose of this work is to extend previous studies oftamely, the removal of electron probability from the equilib-

CREI in diatomic molecular ion§1,2,8) and to triatomic  fium H," in the neighborhood of the Hion, is also strongly

molecular ion systems for combinations of two coherent ladependent on the relative phase. This suggests that the cross

ser fields withcontrollablerelative phase between them. Us- Sections of the field-assisted ion impact ionization of H

ing the fact that the total field combined from two laser fields!-€-

of different colors depends on threlative phasgone can

achieve controllability of atomic and molecular processes as H™+H," —3H" +e, (1)

in recent electron current control experimepi4]. Nonlin-

ear optical processes are therefore expected to be sensitivedan be controlled by varying the relative phase between the

this phase and should lead to coherent corit@l. In this  colors.

work, we examine the effect of combinations of a linearly The results presented in this work were obtained by solv-

polarized laser fieldw) with its second harmonic fielw), ing the full 3D time-dependent Schtimger equation for the
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single-electron molecular ion systems with varying internu-
clear separation. This is justified when ionization is consid-
ered a fast process compared with the concomitant dissocia-
tion of the molecules. This approximation is expected to be
valid for molecules in intense laser fiel@istensity | =10
W/cn?). The numerical techniques employed in this work
are described in our previous wofk3,14).

. H,™ IN Lew-20 FIELDS

We study first the ™ molecular ion with its molecular

orientation parallel to the polarization axis of a linearly po- 7—;
larized Jw-2w laser field combination with total electric field =1
0
E(t)=Eo[cogwt)+ 5 cog2wt+ ¢)]. 2 2}

+
The fundamental laser intensity is chosen td fe6.4x 10" >

W/cn? and the second-harmonic laser intensity is
| ,=4X 10" W/cn?. These are so chosen that the effective
intensity for the field by Eq(2) is | ;4=10" W/cn? in order
to compare with previous single-field calculatidis2]. The
effective intensityl . for the field of Eq.(2) is defined in this

paper to be \

—

d /\ o :

| oif( W/c?) = 3.52< 10'8(5E1/4)? (a.u), 2" i 0“ ]

L g |

where /4 is the maximum electric field of E¢2) (when, | i

e.g.,»=0 andwt=0). Laser pulses of such intensities have B |
been shown in our previous calculations to induce CREI 7 s 2 o0 4 & 12

through over-the-barrier ionization and dynamic localization
(see below. Since the H" system has cylindrical symmetry
in a linearly polarized field collinear with the internuclear
axis, the time-dependent Hamiltonian o Hin a laser field
E(t)z is given in cylindrical coordinate&-z-6) as

z (a.u.)

FIG. 1. Section(p=0) of Coulomb plus external potential for
H,™ at R=10 a.u. in linearly polarized =10 W/cn? fields in
cylindrical coordinates highlighting the mechanism of CRE).

2 2 2 wt=0; (b) wt=—"/2; (c) wt=n/2. Solid horizontal lines are the
1/4 194 17 17 . ) +
=— - |—3+——+—+—>| +V+zE). instantaneous field-dressed levéls , o_) evolved from H™ 1gy
Y 2\op? pap 9z% 967  °° i
p- pop and o, levels. Arrows marks the occurrence of over-the-barrier
ionization.

All ¢ dependence is absent for linearly polarized light paral

) . L ‘and wavelengtih=1064 nm and aR.=9 a.u., where ion-
lel to internuclear axis and an initiat state. In Eq(3a) g ¢

ization is found to be maximum. In Fig. 2 we define the

V.= —[p2+(z— RI2)2] " ¥2—[ p2+ (z+ RI2)%] 12, “left” and “right” probabilities as follows:

(3b) fpmax 0 | 2 43
P = d j dz ,Z,H)14, 4
is the H," Coulomb potential withR the internuclear dis- o pap ~Zmax e
tance (atomic units are used throughout this paper unless
otherwise indicated As described in detail ifi2], CREI in [ Pmax Zmax 2
diatomic molecular ions can be understood in termgapf Pr= o P dp 0 dzg(p.z,0)[% (4D)

field-induced over-the-barrier ionization along the laser po-

larization axis(see Fig. 1 (b) tunneling suppression of the wherep,,,,=16 a.u. and,,,,=128 a.u. define the numerical
electron between the nuclear wells at critical distarRgs  grid used in our 3D calculations anf{p,z,t) is the total
For H," in a linearly polarized| =10 W/cn?, A\=1064 nm  time-dependent wave function. We see that before the
field, our previous calculations showed that the most signifiturn-on of the field the probabilities of an electron at both the
cant (fastest ionization occurs for critical distances around left well (P,) and at the right well Pg) are equal(50%).
R.=7 and 10 a.u[1,2] with ionization rates at least one The total probability and the ground-state population are
order of magnitude larger than that of equilibriura’Hor the  both 100%. In the presence of the field as given by @}.
separated atom H. Inct2w fields, the phase) dependence the total probability starts to decrease due to ionization. lon-
of ionization is of central interest. We therefore concentratézed electron probability is removed away in our calculations
on the new criticalR; region where CREI is expected to by absorbing boundariefsl3,14], causing the norm of the
occur. Figure 2 shows the results of a series of phasewave function to decay. Also decaying is the ground-state
dependent calculations for the;Hmolecular ion in the field population. Fast oscillation of the ground-state population is
given by Eq.(2) with effective intensityl .,4=10'* W/cn?  also seen for all phases. These are Rabi oscillations due to
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FIG. 2. lonization of H™ in lw-2w fields given by Eq(2). Field is turned on linearly in five cycles and is kept constant for 55 cycles
(effectivel =10 W/cn?, Eq=0.0426 a.|). Upper plot: solid line, left probabilityEq. 48; dashed line, right probabilityEq. 4b. Lower
plot: solid line, ground-state population; dashed line, total probabilitgrm of the total time-dependent wave funcjionnset
plots: cosk)+0.25 co$2x+ ¢).

the strong coupling between the charge resonant states, tiresufficient to induce the over-the-barrier ionization. In fact
ground and the first excited statéisr, and o) of H," and for ¢=0 (¢=m) the right (left) probability decreases to
the external electromagnetic fieldthe transition moment nearly zero after 60 cycle®10 f9 whereas the leftright)
diverges afk/2, se€[1]). The equally prepared right and left probability is almost unchanged. For phases other than 0 or
probabilities start to differ from each other as the interactingsr, both the left and right probabilities decay at rates essen-
time increases. Such effect is most prominent for the case dfally determined by the peak strengths list in Table I. Clearly
¢=0 and¢=7 because of the maximum “bias(the differ-  this allows one at the end of the electric-field interaction to
ence between the positive and negative electric-fielbbtain a partial or completely asymmetric state for thé H
strengthg which are tabulated in Table($ee also inset plots molecular ions depending on the relative phase between the
of Fig. 2). We emphasize that this asymmetry in ionization istwo colors.

consistent with the quasi-dc-field tunneling model of intense Figure 3 shows a comparison of the ionization rates as a
laser-field ionization of atom§l5] as applied to diatomic function of R for the above field combinatiorig)=0 or r,
molecular iong2,4,5] where the tunneling ionization prob- Eg.(2)] against the single-field case as reporteflin In the
ability is exponentially dependent on the peaksaximun) latter, the two prominent peaks could be identified as due to
strengths of the oscillatory electric field. The quasi-dc-fielddynamic field localizatioi1,2]. For a two-level system with
tunneling model has been shown to work well for the relativeenergy differencev,, the effective frequency separation

high intensity (1=10* W/cn?) and long wavelengthA is modified by the field according to the formujla6,17

=1064 nn) fields used in the present studigg3]. For the

lw-2w combination of Eq.(2), the values ofE(t) at the we= wglo(2or/w), (5)
peaks depend on the relative phasaccording to Table I.

For the case=0 (¢=) the positive(negative maximum is  where wg=uE;=E(R/2 is the Rabi frequencynote that
effectively that of a single-color field df=10"* W/cn? that  2wg=ER is the field-induced potential difference between
is strong enough to induce over-the-barrier ionizatibig.  the two protong u is the transition momenty is the field

1) whereas the negativ@ositive minimum is equivalent to  frequency, and, is the zeroth-order Bessel function. Thus
that of a single-color field of only=3.6x10* W/cn? thatis  electron tunneling between the two protons, which is respon-

TABLE |. Maximum strengths of the d—2w field given by Eq.(2). Values are in the unit of By/4.

Sign $=0  ¢=uld  ¢=ml2  $=3m4 $=m ¢=5ml4  ¢$=3m2  =Tuld

positive 1 0.96 0.88 0.74 0.6 0.74 0.88 0.96
negative 0.6 0.74 0.88 0.96 1 0.96 0.88 0.74
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functions located at left and right well, respectivelee,
e.g.,[19)), i.e.,

1
] Vo= LRI+ n(+R2], (63

the final asymmetric staté(t;) thus has a-40% (v2x30%)
overlap witheither 4 (R/2) or ¢1(—R/2). Moreover since
the statey,(R/2) or ¢(—R/2) is in turn a linear combi-
- nation (coherent stapeof the H," loy and I, states, i.e.,

Ionization Rate (10 1% /s)

1
S Ia(ERID =~ (Y15, = s, (6b)

13 14 15
Internuclear Distance (a.u.)
we thus obtain that fopp)=0 or ¢=1r after 210 fs interaction
FIG. 3. lonization rates of 5 as a function of internuclear With the lw-2w pulse, only 50% of H' is ionized(the norm

distanceR in laser fields ofl ;=10 W/cn?, A=1064 nm. Solid  decreases to 50%, Fig) @ith the remaining probability pri-
line: single-color field; dashed line:#2w field [Eq. (2)], #=0  marily in a coherent state of F1 described by Eq(6b) (40%
and ¢p=/2. out of 50%. This provides an efficient way to prepare a
coherent state of J¥ [Eq. (6b)] via CREI in two-color fields.

sible for the bond in ", is suppressed whenewdy(x)=0.  g,ch 4 coherent state has been shown previously to be a
We have previously correlatled even harr_nomc generation Irl‘mique nonlinear medium for processes such as even har-
H," to such electron tunneling suppression, or equivalent

. 1oL \ Ymonic generatiori13,17.
dynamic localizatior{1,2]. In the presence ofd-2w fields, The above results are obtained for the homonuclear H
one sizes that 'the smglg—ﬂeld lonization peakRat=7 for  giecylar ions. They should be equally applicable to the
| =10 W/cn? is now shifted to large distancd®.=9 for

h o q b hat th heteronuclear HD molecular ions as far as the Coulomb
phase$=0 an T From Eq.(2) we observe that the new ,ential and electron-tunneling ionization are concerned.
critical distancesk. ~5R./4 if one assumes ionization 10 0c- assuming the left-right selectivity on ionization of Fig. 2
cur from E, (1w) only, i.e., the strongest field in thev2e 550 holds for HD' and the molecule disintegrates following
comblnatlon. This agrees with the results of Fig. 3, and €Sthe ionization, thap=0 (¢=r) results, i.e., 50% probability
tablishes once again both the presence of over-the-barrigy,ryival near the rightieft) well and zero near the leftight)
ionization and dynamic localization as dominant factors forye|| suggest the following dissociative ionization scenari-
CREI in single and combinations of fields. We note, how-q. o, =0

ever, that for the single-field case, a minimum ionization

occurs atR=8 a.u. This was shown to be due to residual (50%)HD"—H*+D"*, (50%)HD"—H*+D, (73
electron tunneling between the protons. Since the ionization
peak atR=10 a.u. remains essentially unchanged forzky Fy+pr=2:1; (7b)

field excitation(dotted line$ when compared to the single-
w-field excitation(solid ling) in Fig. 3, we infer that this peak for ¢=r,

is mainly a barrier suppression effect as it is frequency inde- 0 N P o N .
pendent. On the other hand, the ionization peak that has (50%)HD"—H"+D", (50%)HD"—H+D", (7c)
shifted from 7 to 9 a.u. is obviously frequency and intensity

dependent, i.e., the admixture of the fleld component has Phepe=1:2. (7d)
lowered the effective field intensity and the correspondingF
Rabi frequencywy [Eq. (5)] as explained above. This is con-
firmed in Fig. 3 by the similar phase behavior of the-2w
field combination atp=0 and 7/2. The ionization peak at
R=9 is essentially the same for both phases, reflecting th
predominance of the cl component. Figure 3 illustrates
clearly the main effect of thed:-2w combination: displace-

w+p+ denotes the production ratio of 'Hand D". This

shows that the photofragments should be strongly influenced

and controllable via the relative phase between the two col-

ors of the external fields. Recent experiments by Sheehy,

fvalker, and DiMaurd20] have shown control on photofrag-

ments in mtéllt3iphotg$ dissociation of HDin intermediate

_ . intense(l ~10™ W/cm’) lw-2w field combinations. Our pre-

rr}er;]t of t_heR—7 a.u. .pe"’?k o9 all(.u. zndf'essgantﬁl C?nSt"’mC%ﬁction is that the isotope separation ratio should depend on

e e o st apofe lngihof i puie. . opumum separaton vl cecr

peak remaing a barrier suppression effect after 210 fs for the_z above laser excitation conditions in fields
Furthermore we also note in Fig. 2 that for the maximized? " by Eq.(2) with ¢=0, or .

field casesp=0 and ¢= there is a substantial overlap be- ot

tween the final(asymmetrig state y(t;) (t;=210 fs or 60 . H 5 IN 1eo-2e0 FIELDS

optical cycle$ and the initial ground state of A, i.e., We now consider the simplest triatomic system, the asym-
(Y10, 1h(t1))~30% (Fig. 2. Since at large internuclear metrically stretched linear " in intense laser fields. This

separations the H ground (log) and first-excited state can be considered as aHH," collinear collision in a laser
(10,) states are linear combinations of hydrogenicviave  field. Linear H?" is not a stable moleculgl9] but the non-
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FIG. 4. Section(p=0) of potentials for asymmetric 4" at
Lg=5 a.u. andR=2 a.u.[Eq. (7)] in cylindrical coordinates. Num-
bered arrows mark the positions of nuclei. The horizontal bars ar
the lowest energy levels (a) The field-free Coulomb potentiad, ;

(b) the Coulomb plus external electric potentil;+zEy(¢),

where E,, is the maximum positive strength of ER) given in

Table | for effective intensity %10 W/cm? (Eq=0.095 a.u. The
I"'s are the autoionizing rates associated with the levds
a.u=4.134x10'%s) for ¢=0.

symmetric H?' system is clearly existent during the
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FIG. 5. lonization rate of the linearly asymmetric stretched™H
system in a =5x 10" W/cn?, A=1064 nm single-laser field as a
function of the stretched bond lengtlhy . H," is taken to be equi-
librium (R=2 a.u). The square on the right vertical axis marks the
ionization rate of H*.

WhenLg is large, the influence of the Hion on the ioniza-
tion is negligible and the ionization rate is the normal rate of
H," in the external laser field only. Wheng is small, the
attraction force from the third protofthe H" ion) will in-
crease the binding force for the electron ip*Hand thus
prevents the electron from being ionized by the external
field. Given the existence of enhanced ionizati@REI) for
diatomic molecular ion$1,2], it remains to know whether
there exists a similar critical, intermediate-large distance
where the ionization rate exceeds the ionization rate Gf. H
The numerical results for the ionization rates are plotted in
Fig. 5 for the above-described system as a function of the
external bond length for the laser condition of=5x10
W/cn?, A=1064 nm. The intensity is chosen to allow appre-
ciable ionization to occur for equilibrium A (R=2 a.u) in

the single field alonéthe ionization rate is then 2:210'Ys).

We see that the calculated ionization rates indeed show a
prominent maximum dt g=>5 a.u. that iswo ordersof mag-
nitude larger than either rate of,Halone(Lg large or that

of Hy** where Lg is small. The results shown in Fig. 5
provide a direct numerical confirmation that intense-field
ionization of triatomic molecular ion systems is also strongly
structure dependent as in diatomic molecular systE2@$
Clearly ionization can be enhanced by orders of magnitude
when a bond of the molecule is stretched along the laser

H*-H," collision. Such collision processes have been rePolarization axis to a critical, large distance.

cently studied in plasma physi¢21] and our calculations
will emphasize laser-induced effects. In cylindrical coordi-
nates(p-z-6), the time-dependent Hamiltonian of such a 3D
system in a laser fiel&(t)z is of the form of Eq.(3a) with
the Coulomb potential/, now given by

Ve=—[p?+(z—RI2)?] Y2 [ p?+ (z+R/2)?] 12

—[p?+(z+Lp)?1" Y2 )
whereR is the internuclear distance for the equilibriurg™H
and the external bond lengthy is the distance from the H
to thecenterof the remaining H™ (see Fig. 4 The process
of losing an electron from 1 in the external field obviously
depends on the position of the third prot@he H ion).

This enhancement of ionization can be understood again
as field-induced over-the-barrier ionization of the instanta-
neous field-dressed leve]§—4]. The lowest two bare and
field-dressed energy levels for the"HH," system at.g=5
a.u. andR=2 a.u. are calculated and shown in Fig. 4. The
ground state has an energy ef=-—1.3497 a.u. slightly
lower than the H" ground state at equilibrium internuclear
separation—1.1 a.u) due to the attraction of the third pro-
ton. The first excited state of the'HH, " system is relatively
far away from the ground state with the enekgy —0.9792
a.u. in contrast to the case of,Hat large internuclear sepa-
ration where the ground state and the first-excited states are
almost degenerate. The energy difference between the
ground and the first-excited statesejs-€;=0.37 a.u., which
is much larger than both the laser frequeney0.043 a.u.
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T

I

TABLE Il. The autoionization rates and energies of dc-field-
dressed levels. Values are in atomic units. For ionization rates, 1

=

SHHTR

a.u=4.134x10"s. 2 08 \\\““““‘Q‘\QQQQ%{QQ{\\\\\\\\\

282 N0
Phase ¢=0 o= "é 03 W@&&M
I, 0.001 03 0.000 02 M\\Q\QQ\QQ\QQ&&\\\\\\ .
r, 0.001 42 0.000 05 1855 ST
€ —1.356 22 —1.211 00 -9
€2 ~1.27068 ~1.17895 o o)

g 10 12 14 16 '8

and the couplingRabj frequency Q) g=u&,=0.098 a.u. be- time (cycle)

tween these two levelshe transition momeng is calculated

to be 0.82 a.u. and,=0.119 a.u. The fact that the energy FIG. 6. The electron survival probability of the linearly asym-
differencee,— ¢, is much larger than the Rabi frequen@g  metric H?* system in b-20 fields. E,=0.095 a.u.(effective
suggests that the energy level of the field-dressed grounid=5x10* W/cn?, Lg=5 a.u).

state will be close to the bare ground-state level. This is

confirmed by numerical calculatiofiBig. 4b)] using a tech- in the presence of a neighboring ion occurs because the ex-
nique described if2]. In a dc field with strength equalling ternal ion’s Coulomb field “adds” up with the external elec-
the maximum field strength of E2) for an effective inten-  tric field that causes the over-the-barrier ionization when the
sity 510 W/cnt at ¢=0, the value of the dressed level is field acquires itspositive maximum strengths. This is the
calculated to beey; =—1.3556 a.u., very close to the bare essence of the quasi-dc-field tunneling model of intense-field
level €, (=1.3497 a.u. This level can therefore be consid- jonization[15]. Clearly in a In-2w field the maximum posi-
ered to evolve primarily from the ground state of the-H,"  tjve strength of the the field varies largely depending on the
system. Also shown in Fig.(8) is the second lowest dressed phase(Table |). The adjacent ion-aided over-the-barrier ion-
level with energyey,=—1.211 a.u. The dc-field-dressed lev- jzation can thus be virtually turned on and off depending on
els are, of course, not true bound states. Rather they akfe phases as seen in Fig(“;t)n” for d):O and “off” for
autoionizing states in the presence of the dc field as markegl=7). The molecule survival probabilitjthe norm of the

by arrows in Fig. 4b) for the case$=0. The autoionizing |y ave function S dpf e dZy(p,z )] for the H -H,*
ratesI; , and energies are also listed in Table Il. As in the "0 Tamax 2
case of diatomic molecular iofig] the higher dressed levels SySttmatg=5a.u.anR=2a.u. in an b-2w external field

. . 4
are populated by the nonadiabatic effect induced by the o&iVen by Eq.(2) with effectivel _5>_<101 Wicn are shown
cillatory electric fields[2] (see also Fig. 11 if23]). The N Fig. 6 as a function of the relative phage One sees that

enhancement of ionization at the critical bond lengith=5 the degree for control of the ionization is considerable: the

a.u) can therefore be attributed as a consequence of ovef/€ctron survival probability quickly diminishes to nearly
the-barrier ionization of the instantaneous dc-field-dressed®r@ after the five cycle linear turn-on of the field for phases
levels induced by the laser. Whérn, is much less than the around 0°, whereas it remains almost unity for phases around
critical bond length(5 a.u) the outer barrier in Fig. 4the ~ =180°. This sensitivity of ionization on the peak field
barrier to the left of proton “3’) becomes high and confines Strength is consistent with thexponentialdependence of
the dressed levels. The inner barrighe barrier between [onization probability on the peak strength of the field pre-
proton “1” and “2” ) becomes low and so do the levels. dicted by _the quasi-dc-field tunneling modi&b). Arounq 0°
This greatly diminishes the ionization probability. In the the negativeleft) peak sct)r_er_1gtIﬁTabIe ) reaches maximum
other limit, namely, wheth 5 is much greater than the critical (100%9 and around-180° it is at the minimuni60%. Com-
bond length, the inner barrier grows such that theibh is ~ Paring Table Il and Fig. 4 one also sees thatder + the

basically isolated from the remaining,Hand has little in- WO levels are bound by the outer barrier whereasder0
fluence on the ionization. The ionization rate then ap_both levels are over the outer barrier. This is different from

proaches the much lower normal rate of H2.2x10'Ys) in H," (Sec. I) where¢=0 and¢= situations are symmetric
the same fields alone. in terms of the ionization of the upper dressed levels,

In summary, the enhanced ionization of the system Oﬁg._ 1). Clearly one can expect that the dependence.of ion-
H*-H," can be viewed as a process of an adjacentdith) |zat|on on the relative phase betwc_aen the Ewo—cplpr f|¢|d, as
aided tunneling ionization of the quantum systér*) in ~ S€en in the process of laser-assisted-Hy " collision in
the intense laser field. The adjacent ion serves to lower iff«-2« fields will apply to other general laser-assisted ion-
concert with the external electric field the potential barrierion collisions.
that confines the electron to allow the occurrence of over-

:ir;—barrier ionization and consequently the enhanced ioniza- IV. CONCLUSIONS

We now turn to the control of ionization for the triatomic ~ This work extends our previous studies on enhanced ion-
system, H-H," at the criticalL ; distance, in a &-2w field.  ization (CREI) of diatomic molecular ions in intense laser
Without loss of generality, we have assumed that the adjafields to combinations of laser fields with their harmonics
cent ion is at the left side of 41 (see Fig. 4 We have seen and to triatomic systems. Such combinations explicitly break
that the enhancement of ionization of the nonstretchgd H the reflection symmetry along the laser polarization axis and
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cause the ionization to be anisotropic. We have shown thadriving fields. The effect should therefore occur readily in
via tuning the relative phase between the two colors, we caatom-atom or atom-molecule ion-ion collisions.

turn “on” or “off” the ionization from either side of H,",

thus creating an asymmetric coherent electronic state of the

molecular ions after the interaction with short laser pulses. ACKNOWLEDGMENTS
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