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An experinental stu{y of nultipboton lonization of ato"to [], 2] fras revealetl that the

filrctionaL dependence of the nul-tlpbotcn-lqrizatlon probabllity on the radiatioq intensity

clepencls on the relation betr.reen the energies corr^espondlng to integer numbers of quanta and

the energl.es of the stationary states of the electron in the aton. 0n the basls of the entire

aggregate of experlmenta-l results, it was concludeO in [3] tirat the ionizatiou probabiJ'ity is

describea! by the law W = A,fS0 on\y ln the case when the clifference betveen the energles

correspondlng to integer nlulbers of the grranta antl ttre energies of the statlonary states of

ttre atorns is large antl reuains essentially rrnchangetl when the fleLd is turnetl on' Here

K^ = <Ifiu +.1> is the number of quanta needed, in aceordance with the enerry conservatlm
U

law, to extract an electron fron the aton. rn all other cases lfr a1, the foregoing lav cloes

not holil, oning to the proxinity of the energieg of the integer number of quanta to the

energies of the stationary states.

one of the reaeons for the change in the firnctlonal clepenclence nay be ionization due

to a two-step tra"nsltion, 1.e., a procesE in which the electron goes orrer into the continuow

spectrum via a resonant feveL lr - B]. If the probability of one of the transltlons frorn the

gror:ncl gtate to the resonant lenel, or of the transition fron the resonant l-enel to the con-

tinuous spectngn, becomes so large ttrat.saturation of this transltion sets int tben the

functional" dependence of the ionl.zation probabllity on tbe fieLd vill be detennined on\y by

the functionel dependence of the unsaturated transtion on the field. It is sbown in the

theoretical papers [\, 5, ?] ttrat the change of KO can occur also in a tvo-etep transition

if the quasiresonant 1erre1 shiftE and broaitens in a strong fiel<l by an anount conparable vith

the deviation from resonance ancl larger tlran the natural vidth of the lerrel.

To investigate the infLuence of the resonance effect on the nultiph,oton ionization

process, the following experiment vas set up: A pota.ssiun at@ (I = \.3\ eV) was ionizedby

racliation from a neodynirrn laser (6to = 1.1? eV) operating in the giant-pu1se node. The

enerry of the l+f Level of pota"ssiun is close to the enerry of three neod;rmium-radiation

quanta. To produce tbree-photon resona,nce, the vavelength of the neodyrrir-u laser vag twred

in the range fron 10590 to 106S0 i. Ihe tuning nas vith a d.ispersion resonator eonslsting of

a rotatlng prism, an output mirror, anct tvo Fabry-Perot interfermeters vith d ^' 250 rr oper-

ating in ttre transmission mod.e. By varying the lnclination of the interferoneter to the

resonator axis it vas possible to vary the generatlon vavelength Srooothly ln the indlcate<l

range. The generation llne hal-f-vidth measured vith a dlffraction grating was ! .i. fn"

grating had 200 lineg/rnn and the clispersion in the fO6OO E region was 3.? i/tt. tt" foeused

neodyrnir.rn-laser radiatlon (l-ene rith focal length f20 m) vas aligned vith the atonic-
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Exponent of polrer-lav depend-
ence of multiphoton lonization
on the rad.iation intenslty vs.
the radiation vavelength.

/
1.5 x 10-  v /cn.

potasslun bearn. The neasurenent setup vae slnilar to
the t  deec r l bed  ea r l i e r  ( c f . r  e .8 . ,  [ : ] ) .

l{e meq,sured in the experlment, at flxecl racliation
frequencles, the prob&ility of l+-photor ionizatlon (in

relative rrnits) aa a function of the rediatlon intensity
\l (in absolute unlta). Ttre freqrrency, the line half-vi<lth,

and the spa,ce-tine distributio. of the neodyrnirn_laser
radiatlon vere kept cqlstant anct verified during the
entire experinent. fhe measurenents were mad,e ln a flerd

The neasurement results ar€ shorn in ttre figure. fhe abscisss,sr represent the neodymiun
laser vavelengtlrs. the radlation vavelength correspmcting to 3-pboton resonance lrith the \f
level of potasslum is 10665 i. trr. ordinatee are the experimental valr.ree of K. The ms error
of K in one seriee of neasurements ls indlcated,. rhe generation frequency naa macle absolute
vithin ! 2'5 E' rt mrrst be borne in mlnd that in the figure the experinentar points ar€ re-
ferred to the centers of the generation lines (the harf-ridttr of the generatlon rine is 11.8).
rt is cLear\r seen fron-the figure that the fwrctlonar depenclence of the lr-photon ionization
probability qr the radiatiqr intenslty chaages noticeab\y when fre enersr crifference betveen
the three neodymlun-radiatlon qua,nta and the,lrf lerrcl of potassir.rm d,ecreases. The exponent
K at exact resonar

than 20 i, "" nr*-';:-ri".:ii"rl"],t*t=o;;,'ou""a8 
far from resonance' at a d'etr''rlng larger

An approxinate estinate of the ionizatlon probability shons that when the centerc of
the generation llne ancl of the l+f llne colncide the ionlzatlon probabiJ.ity lncrea.see by two
ordere of rnagnitud.e copared, vith the probablli.ty at revelengths far fron resonance.

The presently available resuLts;ilbke tt atrrtcult to d,etenrine a deflnlte cause of tbe
change in the fi'urctlqral d,epend.ence of the ionization probabirlty on the fiercl intenslty on
going through the resqnance level. Tris is connected., for exanple, rlth the fact that,
oring to the large vidth of the generation line, on\r a fraction of the neoqminn-laser qga^nta
are at resonance nith the l+f llne of potassiun

we cen thus conclutle qualltatitreJy that nuJ.tiphoton riesonanee rlth tbe excltec! state of
an electro ln an etqn nay be qre of the neasons vtry the erponent of the poner-lav depend,ence
of the nultlphonon-lctization probability on the radiatlon intensity d.ecreases.

Ttre authors are gratefuL to Z. P. Berezkina snd, K. B. petroayan for help vltb the
experiment a'nd to I. F. Baltoshr G. S. Voronov, and M. S. Rabinovlch for val,abre d.iscusslons.
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