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I. Introduction 
The interaction of charged partielee with photons or a quark-

gluon interaction giro rise to hound states suoh as the hydrogen 
atom (pe~), the positronlum Се+в~), and hadrons. the problem of de­
termining the states is' of importance in field theories. 

Different approaches to this problem are known, e.g., nonre-
latiTistic Breit's approach '*»2/ , Bethe-Salpeter equation (.see the 
book ' 3' and bibliography giren in ' * ' ) , three-dimensional quaei-po-
tentlal approaches Csee ' 5' 6' and references therein). 

1 shall show here that the "dressing" formalism glren by L.Fad-
dee v / 7 ' (see also ) prorides one more approach. The idea of the 
approach is illustrated by using a simple nonrelatlTistlo model, see 
seotions 2 and 3. The peculiarities of the relatlvletio case (the 
splnor 0 Ю ) are briefly discussed in seet.3. The simple model used 
in seet.2 allows one to oonslder as lnstructlre application of the 
formalism to the so-called multipolar form of QED. Some consequences 
of the "dressed" description of particles are discussed in sect.;. 
In the summarising sect.6 I list seVeral qualitetire peculiarities 
of the suggested approach to the bound-state problem. 

2. Introduction of the "dressed* particle 
creation- destruction operators 

The definition of "dreseed" partloles and their introduction /7 a/ proposed in "»"' need modifications when applied to QED or QCD. The 
"dressing" according to ''» 8 / requires an infinite series of specific 
unitary transformations, a simple "partial* dressing presented here 
is realised by the simplest of these transformations applied more-
отег to a nonrelatiristic field model. 

2.1. The model 
. Consider the second-quantized theory of nonrelatlTistlo spin-

less- charged particles (named electrons below) Interacting with 
photons. The total Bamll.tonlan is 
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Here y(x/ is the particle field satisfying the antiooaau-
tation relation \Ф1*\, Ц*Щ\\+ - S(*-jj> I • * • absence of anti-
particles is the main siapllfication as ooapared to the splnor QID. 

Let tfn he the complete set of solutions of the equation 

t-4/ij*. + tWjfitf) = £„ p„ a). (a) 
Here V Q Is a part of the potential T » T » T + ? (such that 
eq.(2) can be solved exactly). In the expansion 

the coefficients CLn satisfy I ^ m , ^n }+=&„„', $„ denotes the 
sum over discrete values of n , n»0,1,2,3,... and the integral over 
continuous values. Inserting (3) In the rhs of eg.. (l)_along with 
the usual expansion of the electromagnetic potential A (*) In 
photon operators one obtains 

Я = S n Е лЯлЧ +SmSn PmnKa„ + T+ Sg KCeCf, U) 

(.5) 

Here %,n(^)-l'll*tt) and T^^t . The index *F denotes the 
photon momentum along with the photon polarization h aad5jj=/H.? 

The hamiltonian H commutes with N=\U^Q.n > the operator of 
the number of electrons. So the model oan Ъе oonsidered in the sec­
tors of the total Fock space which correspond to fixed Я values. In 
each such sector the model is equivalent to the first-quantized 
theory of К electrons, interacting with photons (of. , ch.6;' , 
ch. XIII, §4-6). 

bet us represent Sm S„ rTmn Um Qn as the product cfTct. of the 
row Q* » ( fl/ , Q? , . . . ) , matrix T with elements Tmn ' and the 
column й • Shen, И can be written as 

И = a + £ a + a* Pa + S-K к tf ce * 5 £ f a*TJ a ft te*TJ*e £* J. ( 6 > 

Here E is the diagonal aatrix' £nn - En o«n . 
2.2. "Dressed" creation- destruction operators 
Consider the transition m —» nk from the state "eleotron is 

in the state |гя) =• fi£ Й with the energy £ m » no photons" 
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into the stmt*" electron is in lh) > on* photon with the energy AT*. 
The corresponding amplitude. "7J£ IK) la nonzero етеп if the 
energy is not conserved! Em + £л+ К , the case B„<B„ being 
the example. Here "energy" means the proper value of the free part 
tfe = a +EC£ + S>2 HCiCjz • of the total Huiltonian. The correspond­
ing probability in unit time interval (the probability of the transi­
tion for a large time interval t divided by t) is вето in the case of 
energy nonconservation, e.g., see oh. Till, §29. let us call 
such transitions (and the corresponding elements of T) "virtual". 

In order to deliver the theory from unphyslcal virtual transi­
tions, one must remove from В the corresponding interaction terms 
replacing them by others corresponding to physical processes. For 
this purpose, new operators 0(n and fg will be introduced instead 
of the old CL„ and Cji so that the Harailtonian H when expressed in 
terms of ос , Г would not give rise to the virtual transitions. 
Let the old operators be expressed in terms of the new ones by means 
of a unitary transformation 

a„=Wc<>W+ , Cg'-W/g W* (?) 

(here W is a function of the new operators). Then, oi,y would 
satisfy the same commutation relations as Л , С do. Beplaoing a, 
с in eq. (б) by the r.h.s. of eq. (7) we find the expression of H 
in terms of <*\)[ (let us denote the expression by К ) 

The relations of the kind Wa* W* Wu Wf = Wa*dW* were used. 
Eq. (2) means that in order to get КЫ)¥") one must substitute <&, у 
for а,о in eq. (6) and then calculate the product W f^(^f)Wt 

The following W will suit our purpose 

(8) 

Z m n ( £ ) i s supposed to be of the order & along w i t h i n tS). 
To calculate , one may use the formula 
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The following tro kinds of commutators occur when calculating 
the first one is 

Ы*2е*/г,**£<*1 = 1^2£^,^£и]уе. Сю) 
The result of the calculation of the commutator in the r.h.s. of 
( Ю ) can he represented as 01*£2^ £ J Ы , wherefo- E]=2gE-E2. 
is the matrix with the elements 

№,Е]тп*2тт (£)(*>-£*). 
The second kind occurs, e.g., when calculating 

1 * си) 
After the normal ordering the f i r s t term in the r . h . s . eq. ( l l ) 
becomes 

-ti&ot.^ZbWTXWfa. + е(*% Tjot S^g,. <12) 

Here summation over m,m',n,n' is implied; 2g T- is the matrix pro­
duct of 2g a n d Tj • 

The final result for К-6 H 6~ can be represented 
as 

к = к а + кг3 +• k v *,.. cw) 
Here Kx i s a sum of bilinear terms of the kind s(*oi , /*У" 
including terms of the order e a > originating from (11), see the 
last term in (12); K3 is trilinear and of the ordered; ft» deno­
tes tetralinear terms ~£г . The explicit expressions for «j , K} , 

ICi are given below. 
2.3. Trilinear terms /(, 
bet us show that the chosen transformation (8) is capable of 

removing from К the virtual trilinear Interaction terms which are 
present in K 3

 : 
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K3 = SE #fTi*i{Sb,u]+iK}b)*rs.* h c ( 1 4 ) 

I t i s implied that P « T - 7 Q i s of the order e 1 and, therefore, 
the term of^^P/o^^J i s not Included i n (14) . The matrix elements 

Тт.Щ*а„1£НЬ'£т + к)*%т1*) (15) 
of the curly brackets in (14) can be made aero by setting 

-?«.<«•» =< T~ WH £*-£. •* ) . < 1 6 ) 

/ 7 a/ In contrast with the models considered i n ' the denominator 
i n (16) can Ъе zero or small. Then, the r e l a t i v e J?ni„ l£) cannot 
be considered as being of the order б , as we have supposed. If i ? 
i s large , then one should consider along with (14) the t r i l i n e a r 
terras resu l t ing from normal ordering of pentalinear (and other mul t i ­
l i n e a r ) terms, see below subsection 2 .5 . 

If E„< S , then the denominator in (16) exceeds UL„ = E„ _ 
- Еш . bet us assume that ~Tmn LK)u>^ ~B • . Then, J£,„IK) can be 
made zero in t h i s case which corresponds to the strongly v i r tua l 
t rans i t i on . Suppose a l s o tha.t ~Т^Й * 5£^ =0 . 1 use below the mne­
monic notation U^,a-0 j d and U denoting Mown" and "up". 

I f E > В , then the denominator module can be, e . g . , smaller 
than the "transit ion width" f^,n , which corresponds to the probabi­
l i t y of the t rans i t ion m —» nk, see , §12. In a typica l case, 
one has (7-., iu>mn~e*ttOmn d„„)l~£0~6 • (see / n / , d m n i s the . 
t rans i t ion dipole moment). I f IK-MmnlvQf then Z„„ =i 7Ц,„1и-*ОтпГ^ 
i s of the order е/е2л,ё*" • If o n l y 2 т л " & * i s allowed, then i t 
fo l lows from (15) that У (к) i s equal exactly to %,„(£) at K=U)Mn-
Moreover, •£"„<«; = "£„<?/" * f l * " ^ » . \<- £ *„ . p r o v i d e d 
С л ^ . « и и . • ? o r example, one can l e t £тя = u>mn /«Л-* <4 J * 
To simplify the following exposit ion, l e t us assume the Ansatz! 

U" it)-D a t iK'Vmn I >£*n > i » e ' > i t L tbe case of s izable 
energy nonoonservation in the trans i t ion u —* dk (though the non-
conservation i s much l e s s than in the strongly v i r tua l t rans i t ion 
d —» uk). 

2 .4 . Radiative correotion to the e lectron Hamiltonian 

Consider the b i l inear terms of К 
K^cl'E d" + Л-Pct * S£ «tf/g * ( i ? ) 
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The second line has its origin froa the normal ordering of tetra-
linear terms in \i=WHW* * see (12). z t *• oonrenlent to write 
the matrix elements Umn of the curly braokets in eq.(l7) by 
using jT instead of 2 » see (15) 

(18) 

+ 

The second line in eq. (17), I.e., «̂  Zic/ , is of the same 
character as oS*Poi and gives rise to the nonsero contribution of 
the order t 1 to the amplitude of the transition from the state 
" |n), no photons", to the state "(m), no photons". In particular, 
it gives rise to an additional electron scattering as compared to 
the scattering which is due to V0 and P . The residual trilinear 
interaction 

T= $***%<* ft +h.C. C l 9 ) 

oan also give rise to transitions of that type in the second order 
of the perturbation theory. Let us show that the matrix elements 

Змп1£) specified in subsection 2.3 give zero transition amplitudes 
for virtual transitions n —» m,n Ф m. These amplitudes are given 
by eq. (29.19) from / l u / 

W f c . у<т1ГЫ*><«1Т1*>Г? -J в -t-\ (20) 
tt- At W. - 6. i £„-£„ " с-щ, 1. 

W*=Et*K . Using (l9) one obtains 
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Due to -5и = ^ r f - ^ » s e e subsection 2.3, one has ^< min 
(m,n). When i ^ D, the surviving terms of the sum S( vanish 
because the supports of ^ j , tk) and ./^Д'к) do not intersect. 
Indeed, %м1«\4 0 at 1*-*'ме\<£„, , %„*(*) +О at 
[к-и)гл1<£1п and the distance It'mn between u/me and w„e 

i s assured to be much larger than £ w e . and ttn 
Consider the shift of the energy of the state Ы£ £l0 which 

i s due to T in the order £* '• 

« - £ „ ( 2 2 ) 

e.g., see / l' / $35, and $53; /'11^, §13 . For the ground level 
n*0 one obtains Ay-(o)=U beoause J£e-0 for all £ (remember 
that !fau = I) ). For the same reason one has for n»l 

She shift 4л-£л| for n»2,3,... in represented by the sum of 
several terms ( i » 0,l,,..,n-l), each term being similar to (23). 
Due to Ansatz, see subsection 2.3, each suoh term oan be represen­
ted as follows: 

«l-s« - ( 2 4) 

*-*>«« 
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Here $-*0 originates from the principal value prescription 
P in eqs. (22),(23). The f irst integral in (24) i s negative, the 

second one i s positive. This allows one to make Aj-(njz«ro. For this 
purpose, let %>e(ic) be equal to %etic) in that term of (2*) whloh 
has the least module. Suppose this i s the f irst term. In the second 
term of (24) let ^iS) be equal to TimiH) In an interval 
/Ww+^f/w •*•£') 1 £'*£"(« ^ a n * Ъ е я е г о 0 U t 3 l d e *•*)• ^ e h » s t 0 

choose £' so that the term module would be equal to the f irst term 
module. 

Now I return to the discussion of eq.( ie) . Note that the terms 
of the r .h.s . of (1в), which contain J^ i£) (K* £$) , are zero 
on the same ground as 0^(t) and &—ln) are. The terms con­
taining Tmi^)Ul*lK.\ a r e z e r 0 l f n "° because ot J2«=0, 
In the case n > 0, the corresponding integrals of these terms are 
expected to he much smaller than the integrals of TmclS) 7JJ~(K) • 
The reason i s that the integrals of Тт€1й)У~*Цё) over \k\ are 
taken over small Intervals &пе-£не< [ (?|<и»л„+ £„i > c f - (24). In 
particular, all-terms In eq. (18) which contain У do not surely 
contribute to the possible divergencies of У.щп . s o 

Ъш**--8,Р%Ц-±— + -!—]Т1е,х*ш ( 2 5 ) 

Let us comment on the appearanoe of the principal value f in 
(25). The r.h.s. of eq. (18) has no singularities at К • WUi 

and K= u/Mt because according to Ansatz the differences 
T«nt^-3jit(*) a n d Ттг l*)-Зн,е<*> vanish at these values of 
k. Therefore, (18) does not alter if j£°"d* is understood as Pj^a'k. 
The introduction of the principal value P allows one to give sense 
to the separate terms of eq.(l8) which have the above singularities, 
the r.h.s. of eq. (25) or St PS£ ~Tne %t ( * - " W ) ' ' ° е 1 ав 
the example. 

Note that the transformation W , eq. (в), with an arbitrary 
2 (not satisfying eq. (16), i.e., У being also arbitrary) 

leads to 
Km, S-S.fc \\ТмШ\*-\<ГЛе1£)\*}(Х-Че)-[ < г б ) 

Like P n n this is a correction to the energy £„ of the electron 
state |n> . Vslng (22) one has 
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К* v > -S, PS£ I ЪтМ-ъГ1. йты. ( 2 7 ) 

Here Af in) is the well known level shifVe 2 > resulting from the ori­
ginal interaction T, eq. (5). So the sum Ццп + Ar(n) is inva­
riant under the transformation W • With ,7"" chosen as above on» 
has &Tli\)-Q and U^n becomes the total radiative correction 
of the order -в1 to £ n . 

The term U*1i<i. can he called the radiative correction to 
the electron Hamiltonien ai*B.cl-+ d*Po( , It can he shown that the 
most divergent part of %imn is proportional to Lp)^n > p 
being the electron momentum operator (the demonstration is similar 
to the nonrelativistie calculation of AT(n) , see,e.g., ). So, 
the name "potential" or even "quasi-potential" is unsuitable for 
oi+ltol . The term ol*Uci gives also all radiative corrections of 
the order Sl to the electron scattering on the external potential 

\f and to the electron level energies. 

2.5. Tetrallnear and other interaction terms 
Using the matrix i (7g +Jg)/2 insteadjpf the combination 

~2 £2j,£j-jrilj? + ' 7J > see (15)> one can "write the terms K, 
from eq. (13J in the form 

*<4&sMTe+V)}dr£rs *u+ ( 2 8 ) 

Summations over all repeated lndioee are implied. She terms of the 
kind al*dy*f describe the photon scattering on the eleotron. She 
terms Ы*Луу4 he give rise to the virtual transition of the 
electron from the ground state Ы?U0 to an exoited one with eals-
sion of two photons. The terms я^еР ofa( contribute to the elect­
ron-electron scattering in the two-eleetron sector (they, vanish in 
the one-eleotron seotor). 

In the simplified consideration presented here only several 
first tens of the infinite series for K*WHW* «ere discussed. 
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The triple and higher repeated commutators from eg.. (9) give rise 
to pentalinear terms of the order £ 3 and other multilinear terms. 
Hormal ordering of c(.*tA][]ff* or e(*dol*cLf gives trilinear terms 
of the order e s which were not taken into acoount here. 

3. Hadlatlve correction to the partiole-partlole interaction 
One can add to the model Samiltonlan (I) the Coulomb interac­

tion of electrons 

The last line in eg.(28) is similar to (29) and can be named the 
radiative correction to Tc which results from the transversal 
photon exchange. 

Now assume for simplicity that Vg-P-D . Then, one oan 
take the electron momenta p as the indioes n. One oan show that 
the main part of the radiative correction renonaaliees the eleotron 
mass' P2/2/Ke l n eq.(I) is replaced oy pz/Z/H t where м corres­
ponds to the observable eleotron mass . Therefore Ы*Ео( ло(* Hot 
assumes the form fd^poifiP'M/n)^ .bet us oollect together all 
the terms from K% and Kt, , eq. (28), which oontain the electron 
operators only and c.all them К_ a r t 

The integration over p,Pi, Pttf>''/ A' 1* implied; I is the sum of 
(29) and the last line froa eg..(28), In the two-eleotron sector, the 
second-quantised operator (30) Is equivalent to the first-quantized 
operator having the elements 

*' It is implied that a eut-off li intrtduoed into the interaction 
term in eq.(l) and the mala contribution to oi* lid , whioh Is pro­
portional to />*, Is small a* oompared with рх/лм, • I n addition, 
el+ФЫ aontalns, e.g., a mmaller term proportional to p* 
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Here \й„A^-'fy^i^iflo • *he equation for proper vectors of 
the operator (31) is 

The second-quantized expression- for the proper vector *P£ is 

The vector *Г£ can be used to describe the initial and final 
two-electron states instead of ols-ois &i) • I n other words, 
(33) can be used as the zeroth approximation functions for the per­
turbation theory with the interaction К - ^„„-^-К-пц • This approach 
allows one, e.g.j to take exactly into account the Coulomb interac­
tion of electrons. 

In the case of two electrons» there are no proper vectors of 
К . which would correspond to bound states. Our model must be en­
larged in order to discuss two-particle bound states. One can consi­
der besides the electron field Ш another nonrelativistic field W 
describing the positively charged particles (protons, yW + mesons) 
which have an analogous trilinear interaction with photons. The rele­
vant generalized unitary transformation W would give rise to an 
operator К _. oontaining the negative and positive 'particle crea­
tion-destruction operators. In the sector "one electron, one proton", 
one would obtain the equation of the kind (32) with different masses 
JAe and /Mo . it would have solutions describing bound states 
(of the hydrogen atom). 

To be abl.e to consider the positronlum, one needs the relativis-
tio spinor QED. Its Hamiltonian also has trilinear interaction term, 
Coulomb interaction being added in the Coulomb gauge. Both.these in­
teractions now give rise to the electron-positron pair creation- and 
annihilation, so that the number of electrons is not conserved. The 
papers ''' have dealt with such a case and have provided>a suitable 
transformation W which removes virtual interaction teiras from 
K'= WH IV1" . bet us consider that part K_ a i. t of K which oontains 
only electron-positron operators. Now К " * gives rise to pair orea-
tion. To obtain the first-quantized equation of the kind (32) for the 
eleotron-positron hound states, one can projeot this £ . onto the 
corresponding sector "one electron, one positron" by eliminating 
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from K _ a r t the terms creating pairs» see, e.g., . So only a part 
of К t (which was called К ™ ? * 1 * " in 1 3 / ) should be used for 
determination of the positronlum states. 

Another way is possible which is in the line of our "dressing". 
One must perform an additional unitary transformation * 4 - exp A +, 
whs re А,л» g 2 and is tetralinear in the eleetron-positron operators 
ot, в, d.*,p* • № e t a s I c o t *4 l s *° ̂efflove fr°° Kpart t h e t e t r a l i _ 

near terms giving rise to pair creation, e.g., с£*£*оС*а(. . ^he 
remaining tetralinear terms would commute with operators of the 
electron and positron .numbers and can play the role of the second 
term in the r.h.s. of eq.' (30). 

bet us note in conclusion that one can add to K _ a r t » eq. СЗО), 
sextalinear terms of the kind и*и*с&(ЫЫ resulting from higher 
commutators in eg.. (9). These terms describe three-particle inter -
actions irreducible to the two-particle interactions, discussed 
above. In the three-partiolf ^ctor, one would obtain the equation 
for proper vectors Фе (/>,,Д, ft) which takes into aocount these 
irreducible three-particle forces. 

4. Badiative potential-like correction 
in the multipolar form of QBD 

Bie radiative correction o(^We( , considered in sect.2, can 
be used to discuss a trouble with the multipolar form (MF) of QBD. 
The form has been suggested by Power and Zienau ' and was develo­
ped in subsequent papers, e.g., see references 2 - 9 cited in . 
In MT the interaction term may be expanded in a series of electric 
and magnetic multipoles (moments) of atoms or moleoules. MF has cal-
culational advantages and is widely used, see references 10-16, cited 
in I™' . 

But the Hamiltonian of MF has a specific quadratioally divergent 
potential-like term which is denoted here by Рд(.*), see eq.(35) 
below. A regularized modification-of MF has been suggested in ' "' 
in whioh P± becomes a finite potential. But then it reveals its 
another deficiency» it is confinement potential, see f ' sect.2.4 
and "Note added in proof" in the end of sect.3.2 in ' 1 5'. As is known, 
there is no confinement in the realm of eleotromagnetic phenomena. 

It will be shown in this seotion that the radiative correction . 
U*UU contain», a part which oancele f^ . 

In the long-length wave approximation, the second-quantized ver­
sion of the nonrelativlstio HF Hamiltonian is of the form (e.g., cf. 
/15/ ) 

13 



(34) 

I consider here only this nonregularised version] the regulari­
zed one oan he dealt with in a similar way. She last term in the 
curly brackets in (3+) contains the Integral fil'E($) taken 
along the etraight line oonnecting the centre of the potential VQ 

with the point X , the electron coordinate. 

. Here § is the transversal part of the d-function, e.g., see 
'" . Only the electrio-dipole part of the M? interaction is consi­
dered because just this part gives the radiative correction cancel­
ling P± . Using eq. (з) and standard expansion of the transverse 
electric field E(x) in photon operators one can reduce С34) to the 
form (4) with P = Px and 

It can be shown that 

How let us use eg..(25) for t*mn . fhe identity (к-и>)~*-
= к"'+ шк'11к~и>)'1 allows one to separate from tinn 

the part 

which is equal to "~(Pj.)mn • s ° 

oil ( E"» PA - W) m„ c{. = oC ̂  £ т я * UL U „ . 
(37) 

Shis means, in partioular, that the shift И А Л of the energy of the 
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state df SI, has a contribution (which is the most divergent part 
of 1ii,n ) which cancels the level shift resulting from /J, in the 
first order of perturbation theory. Just this cancellation has been 
proven In ' 1 7', see eo.s. (6-5l) - (6-66) there. It has been shown 
above thst 1lmn contains the contribution whioh oalcels the potential 

Pi as a whole,not only its diagonal elements. 
Hate that the cancellation ocours in the Baailtonian K^WHW* 

containing besides residual trilinear teres У also tetrallnear 
and other interaction terms. Let us-show that the cancellation can 
be accounted for in the frames of the initial expression (34) for the 
hamiltonian. For this purpose we use the equivalence theorem stating 
the equality of two S-matrioes, one being calculated by using ^ i n t " 
К _ K Q , Kt^oi+Eoi+SgKjfi/< > and the other by using H l n t» H_ 
- H , H « fl*£ a -Sz KCe Ce . This theorem follows from the fact 
that "dressed" and "bare" Heisenberg operators tend as t-*-°» or 
t-»+<><• to the same "in" or "out" operators °» i o' . Stress that 
Kint o o n t a i n s t h e t e x m °L*WcL , see eq.(37)> while H i n t must con­
tain Pj_ . 3his means that in order to calculate the S-matrix by usiag 
(34-), one must treat P± as a perturbation term along with the trili­
near interaction (though Pxis surely "larger" that V 0 in all senses). 
Ibis prescription gives grounds to the handling with "Bxwhich has 
been used in ' 1*» 17' . ̂ e t e r m P^piays the role similar to the mass 
«normalization term Sm iptf in. the spinor OBD. Its sole function 
in MP is to oanoel (the most divergent) part of the radiative correc­
tion to Ы+Eoi . 

5. Some oonsequenoes of the "dressed" 
description of particles 

Sew electron and photon operators, <^>]f » introduced in 
sect.2, can be represented in terms of the old ones а,о by using 
eqs. (7) and (9),. e.g.i 

oC^at-iSeS» [?„„ tf )4i Ce +2*л1к)а+С+£ J +... ( 3 8 ) 

How one- and many-particle states oan be defined by using al^f 
Por example, new one-electron states are described by the veotors 
oCZSle^W+aXSi-o • 0 n e o f the,consequences of this description i s 
the nonvanlshlng mean value of the transversal eleotrio field opera­
tor in the states 
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unlike <<tfft01 &l*t fiftt,) which vanish. This means that of/ 
creates besides the charged particle also a relevant transversal 
eleotric field» Remind that in the Couloab gauge, the one-electron 
state similarly possesses a nonvanishing electric field but the 

/19/ longitudinal (Couloab}' one, see . By the above reason, the ope­rator d* and the particle created by it can be called "dressed". 
Note that only a simple partial "dressing" was realized in 

sect. 2. The relevant "dressed" ground state oi^J20 turns out to 
be more stable than the "bare" one й / й в in the following sense* 
it is stable under the one-photon emission but it can virtually emit 
two photons due to the interaction c('tolJ,J'+ А.С , see eg.. (28), the 
corresponding amplitude being of the order e* . 

Notwithstanding the difference between "dressed" and "bare" 
states, the above-mentioned fact of the equality of the corresponding 
S-matrioes does hold in the sense specified in the preceding section. 
In other words, the S-matrix is invariant under the dressing trans­
formation (as well as the total level shift "linn*£L in) , see 
sect.2). 

There exist observable phenomena which cannot be described by 
the S-matrix. The most known example is the time evolution of an 
unstable state. Consider the electron which at t*0 was in the excited 
"dressed" state \пУ = Ып$10 • ̂ he usual definition of the nondeoay 
probability H(t) is 

л/(*Ы<и1«/»(-'"01">1'1. 
N(t) is known to be equal approximately to exp (-ГО) e.g., see 
§13; . The one-photon transitions into the lower states . m 
give the main contributions to Г , so Г = 5- т Г^„(х) at x = g , 
where 

rmnl*) = 37lSg I Zmlk)\l Si*-*»**), ( 3 9 ) 

see , eq. (85). This value for Г coinoides with the value 
whioh has Г in the "bare" formalism (the initial state.being de­
scribed by CtiQo ) with the interaction T, eq. (5). This follows 
from the equality J^m (и/лт ) = T^m (t*/nm) > see sect.2.3. But the 
function Гтп1х) has a finite support in the "dressed" formalism! 
it follows from eq. (39) that Гт„ (х) vanishes if x is outside 
С E n - f m B , £„ + £«.« ) because %nL*) vanishes if К is out­
side ( Шпт - £тл , UJ„m + £„„ ). This changes the "line shape" 
P(k,t) which is defined as the probability that photon energy is 
equal to k, if measured at the moment t in the transition n — » mk. 
If t » Vr » t h e n 
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P^'^ji С 1*)Н*-Е.+АМ1'ч. ГЧжЩГ1

1 x s к+Е„г (+0) 
e .g . , see / l l / ' eq. (113); / 2 0 / eq. &22b). The distr ibution (*0) 
differ» from the Lorentxian one 

j£ Qn (£„ )l(k- *„„, )*+ rl(£j/4 } ' J 

by cutting on the wings: (40) vanishes if к is outside the inter­
val ( 

Ctfn£"£,«in, Ufctf +£mn)» As to the value of £*•„ > ̂  satisfies 
the inequalities Г„я << £»„ <<. *<.'»«, > n ° further restriction for 
£mn w a s found in sect.2. The cutting becomes more prominent in the 
distribution *(k,t)'at t <• tyf , which is equal to the square of 
the module of the expression (119b) in . For the explicit formu­
la see . This paper has reported a measurement cf P(k,t) at 
small t by using the USssbauer effect. 

The cutting of %,KL*) as compared with T^,nlk) results 
also in the additional deviations of the exact nondeoay law N(t) 
from ехр(-ГО, e.g., see ' . The nonexponential behaviour of 
N(t) has not yet been observed, see the paper which contains 
references to theoretical and experimental papers on this topic. 

6. Summary 
"~~~~~m' /7 a/ The way of "dressing", suggested in ''>a'} ±a modified here 

for the case when "dressed" states can be unstable. The.peculiari­
ties of the "dressed" excited atom states were discussed in sect.5. 

The "dressing" allows one-to define new zeroth approximation 
K„«„„ " К +K. . see sect.3) to the total Hamiltonian К 
aero part photon 

whioh differs from its standard free part К by addition of terms 
renormalizlng the particle mass and (quasi) potential terms. In the 
oase of the electron bounded by an external potential, the latter 
give rise to radiative level shifts. The determination of K z e r o 

allows one to propose a new approach to the problem of finding 
bound states suoh as the positronlum in QED and hadrons in QCD. These 
bound states are defined as proper vectors of the Hermitian operator 
К r t in suitable sectors of the theory Hilbert spaoe. The quantita­
tive comparison of the obtained (quasi-)potential terms with analo­
gous terms of other approaches was not the purpose of this paper, 
bet us mention only some qualitative peculiarities of the proposed . 
approaoh. 

The operators К and К t are parts of the total Hamil­
tonian. This is not the case In other approaches though its (quasi-? 
potentials are also calculated by using the field Lagrangian or Ha­
miltonian (more specifically the relevant Feynman diagrams). , 
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When calculating (quasi-)potentlals froa Feynman diagrams, one 
uajr obtain different expressions coinciding on the 'energy shell". 
The nonuniqueness like that is absent in the proposed approach. 

The approach does not contain excess variables such as relative 
tine or energy in the Bethe-Salpeter equation. 
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