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Being aimed at reformulating quantum field theory (QFT) within the notion of the so-called clothed particles
and interactions between them we consider the problem of finding the simplest eigenstates of the total field Hamil-
tonian H . Along this guideline H and other operators of great physical meaning, e.g., the Lorentz boost generators
and the current density operators, which depend initially on the creation and destruction operators for the “bare”
particles, are expressed through a new family of their “clothed” counterparts. We are stressing that this transition to
the clothed-particle representation (CPR) has been fulfilled via certain unitary (“clothing”) transformations (UT’s)

without changing the original Hamiltonian. It is shown how the S -matrix can be evaluated in the CPR.
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1. PREAMBLE

Finding the eigenstates of the total Hamiltonian H
for interacting fields or its blockdiagonalization is a
primary concern in quantum physics. The UT’s in ques-
tion do not blockdiagonalize H (except some simple
models), but convert it into a form, which enables us to
facilitate the initial, extremely complicated problem. We
express H through new operators of particle creation
and destruction and show that this can be regarded as a
UT of H . The respective particles (these quasiparticles
of our approach) may be called “clothed”. They are
identified with physical particles.

The Hamiltonian in the new form turns out to be de-
pendent on the renormalized particle masses and not the
initial “bare” ones [1-3]. In addition, it takes on a spe-
cific sparse structure in the Hilbert space (say, of the
hadronic states in case of the interacting meson and
nucleon fields). Forms of the same kind are derived for
all the Poincare group generators. After constructing
interactions [1-4] between the clothed particles we de-
rive the approximate eigenvalue equations for the sim-
plest bound and scattering states.

Keeping in mind the forthcoming applications of the
method of clothing UT’s in describing nuclear reactions
(in particular, the meson production in nucleon-nucleon
collisions), aspecial attention is paid to expressing the
S -matrix in terms of the clothed-particle interactions
responsible for physical processes in the system under
consideration. It is proved that such a reduction be-
comes possible if the corresponding UT’s in the Dirac
(D) picture satisfy certain asymptotic conditions in the
distant past and future [5].

As a whole, this talk is devoted to a simultaneous
exposition of the key points of our approach with an
emphasis on its practical aspects and perspectives.

2. UNDERLYING FORMALISM

Our departure point is a total Hamiltonian
H=H(a)=Hy(a)+H,(a)
=K,(a,)+K,(a,)=K(a,) 1)

expressed through “clothed” particle creation (destruc-
tion) operators a’ ) such that

c

a,(k)Q=0,Ha! (k)Q =k (k)Q,Vk=(k.k),(2)

(a

c

where Q is the physical vacuum (the H lowest eigen-
state). They obey the same algebra as “bare” operators
a' (a) do. Clothing itself is implemented via

a(k)=W/a,)a, (k)W (a,),Vk, 3)
where unitary transformation

W(a.)=W(a)=expR, 4)
with R'=—R removes from H some undesirable

(“bad”) terms that prevent the no-clothed-particle state
Q) and the one-clothed-particle states to be H eigen-
vectors. In the context, K,(a,)# H,(a) but coincides

with H(a,), viz.,
K,(a,)=Hy(a,)= fkoaj (k)a, (k)dk +..., 5)

where k, =+/k*+ g’ with the physical mass x . The
operator

K,(a,)=K(a,)-H,(a,)=WH(a, W' -H,(a,) (6)
consists of interactions between clothed particles, re-
sponsible for processes with physical particles. At the

beginning of our clothing procedure we could consider
such R=R, (see {1, 2] for details

{H,} _[HO’RI] @)

bad ~
to eliminate the “bad” terms of the g'-order, if any,

from H, =V +M,, , where V' denotes primary interac-

tions between bare particles, M, = 0( gzj are neces-
sary mass counterterms. After eliminating these bad
terms via W, =expR,,

K(@)= K@)+ M,.,(a)+ 3[R,V

+[R],Mm}+§[R],[RI,V]]+.... )
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Four-operator ( g”-order) interactions between clothed

particles stem from 1[R,V]. Two-operator contribu-

tions to it can be compensated by species M fn) (a.)

carrying definition of the latter (see, e.g., another con-
tribution to the Conference by Korda et al.).

3. GENERATORS FOR SPACE TRANSLA-
TIONS AND OTHER SYMMETRIES
We have expressed time translation generator H
through the set of @, . How do the total linear and angu-

lar momenta and the Lorentz boost generators depend
on the clothed particle operators? The answer will allow
us to formulate the transformation properties of the
clothed no-particle and one-particle states with respect
to the Poincaré group. It is convenient, but not neces-
sary, to use

T * —et
R=—ilim jo V(t)e “dt, 9)

where V' (t) =exp(iK,t)Vexp(—iK,t) the interaction op-
erator in the D picture.

Further, since [P,V]=0, then [R,P] =0 and P(a)
=P(W(a,)aW'(a)) =W(a,)P(a W' (a) =P(a,),
1.e., the total linear momentum P is the same function
of clothed operators as of bare ones. Analogous state-
ments are valid for the total angular momentum and the
baryon (fermion) number operator B = ,[ v (X (x)dx .
This means that the clothed states Q, a/Q, b'Q, and

d’Q have the following properties: a) they are eigen-
vectors of P ; b) they are transformed under space rota-
tions in the same manner as relevant bare states do;
c) they possess definite B values. As supplementary
requirements: clothed operators and clothed one-particle
states must have the same transformation properties
with respect to space inversion, time reversal and
charge conjugation as their bare counterparts.
Henceforth, to be more definite let me refer to the
model, where the neutral pion field ¢ interacts with the

nucleon field w via the Yukawa coupling,
V =igy ywe , implying that the set of clothed operators
a, is composed of the meson (pion) operators a, with
the same notation and the fermion operators b, (p,7)
(nucleons) and d_(p,r) (antinucleons) with the polari-

zation index r (afterwards, it will be omitted for short).

4. LORENTZ BOOSTS

In the “instant” form of the relativistic QFT (after
Dirac) the generators N=(N',N°,N’) of the Lorentz

A =exp(ifN) (here [ =/pn,
tanhf =v, where V is the velocity of a reference

boost n=v/v and

frame) contains interaction terms, e.g., for the Yukawa
model,

N:NF—IXV(x)dx+N
where N, isthe free partof N: N, =N

(10)

+N,,., with

ren?

ferm
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Ny == I3 g7 sy ax+ L g,

N, = —%f X[ 72 () + Vg(x)'+ g7 (x) Jdx . (1)

We have separated contribution N to N that comes

from the meson and fermion mass counterterms.
It is reasonable to anticipate that the physical vac-
uum Q and clothed one-particle states (e.g., a’ (k)Q)

should be, respectively, the no-clothed-particle state and
one-clothed-particle states from the point of view of a
moving observer. More exactly, they should meet the
AQ=Q and Ad (F)Q=al(Lk)Q,

where L is the Lorentz transformation. How can one
provide them? Again, in the CPR,

requirements:

N=N(a)=WN(a, W'

=B(a,)=N, +N, +[R,N,.]+[R,N,]+... (12)
and we are looking for R such that
N, R1=N, =] xV/(x)dx (13)

bad
Now, by using the property of interaction density
V(x)=V(x,t)=e™V(x)e™ to be a scalar, ie.,
"NV (x)e " =V (Lx), one can show that Eq. (13)
will hold if R=R,. Thus, the UT W, =expR, removes
bad terms (for instance, all three-operator (“three-legs”)
terns of the g'-order in the field models with Yukawa-

to eliminate the terms linear in N,.

type couplings) simultaneously from the total Hamilto-
nian K(a,) and the boost generators B(a ). One
should emphasize that this result is valid for any Lor-
entz-scalar function V(x,7). The explicit expressions
for N, are not required as well.

After this operation,

B(a) =N, () +N (a>+%[R,N,]

ren

+[R,Nm]+%[R,[R,N,]]+... (14)

that repeats the structure of the corresponding contribu-
tions to K(«) . It is important from the physical point of
view if  we want to have AQ=Q,
Aa (k)Q=a (Lk)Q2. The latter does not mean

Aal (A" =al(Lk) .

5. RELATIVISTIC INTERACTIONS
IN MESON-NUCLEON SYSTEMS IN CPR

Within the method of UT’s a huge amount of virtual
processes induced by a meson absorption/emission, a

NN -pair annihilation/production and other cloud ef-
fects can be accumulated in the creation (destruction)
operators for the clothed (physical) mesons and nucle-
ons. Such a bootstrap reflects the most significant dis-
tinction between the concepts of clothed and bare parti-
cles.



Performing the normal ordering of the clothed-
particle operators involved, we get a simple recipe to
select the 2<—2 and 2 <— 3 interaction operators

of the g’- and g’ -orders between the partially clothed

pions, nucleons and antinucleons (in particular,
aN—>7aN, NN — NN and NN <> 7NN )

K(a,)=K,(a,)+K(NN — NN)+K(NN — NN)
+K(NN — NN)+K(zN — zN)+K(zN — zN)

+K (i <> NN)+ K (NN <> 7NN)+ K(NN <> zNN)
+K(NN <> 7NN)+ K(NN < 7))+ K(zN <> 7z N)
+K(zN & nxN)+..., (15)

where interactions between clothed nucleons ( N ), anti-
nucleons ( N ) and pions (7 ) have been separated out.

5.1. NUCLEON-NUCLEON INTERACTION
OPERATOR

Along this guideline we derive the NN — NN interac-
tion operator within the Yukawa model

K(NN — NN) = Idpldpzdp;dp;VNN (p;,p;;pl,pz)
xb! (p,)b, (p,)b.(p,)b,(p,).

1g°m* 6(p,+p,—P,—P,)

2 2x) \/E EE E.

Vi (P1>PosPsP,) = —

P P2 Tp;

B0, TR a(p) . (16)

(pi—p)
The corresponding relativistic and properly sym-
metrized NN quasipotential is given by

1g2m2 5(p;+p;—pl—p2)
2(2r) 2\/E E E E.

Pi P2 p py

V av(PrsPasPrsPy) = —

1

Xﬁ(pi)%u(pl)%{m

+%} w(p,)ysu(p,y)— (1> 2). (17)
(p,—py) —u

Its distinctive feature is the presence of the covariant
(Feynman-like) “propagator”,

1 1 1
_{ ———+ —— } (18)
2((pi=p) —1 (py=p) —H
On the energy shell of the NN scattering, that is
E =E, +E, =E +E =E,, (19)

this expression is converted into the genuine Feynman
propagator which occurs upon evaluating the S -matrix

in the g”-order.

6. EQUATIONS FOR BOUND
AND SCATTERING STATES

The clothed one—particle states are eigenstates of
H . There may be other H eigenstates, viz., the states
with discrete values of the system mass. For the Yu-
kawa model the corresponding states may be fermion—

fermion states (deuteron—like), etc. They appear with
the following zeroth approximation (ZA)

K, =K, +g2Kz(tZ)s (20)
which is created by adding to the two—operator (one—
body) contribution

K, = | o.a’ (K)a,(K)dk + | E, > [ b/ (p.r)b,(p.r)

r

+d(p,r)d (p.r) |dp =K, +K 1)

the four—operator (two—body) contributions of the g~ -
order that arise, in particular, from the commutator
+[R,V]. The operator K,, has an important ptoperty: it
conserves the total number of clothed particles. More-
over, the Fock subspace spanned onto the two-particle

H,(a,) eigenstates can be divided into several sectors

(the NN-, zN-sector, etc.) such that K,, leaves each of

them to be invariant (see Subsection 4.2 and Appendix
B of Ref. [2] for details). If we consider Now the K,

eigenstates that belong to the NN sector,

Dy = Z J‘dpldpzq)zwv (pn’i;pprz)

xb. (P, )b, (P, 13)Q2,

then K,,®@,, will be the state vector of the same sector

(22)

so that the eigenvalue equation K, ®%, = E®%, yields

[KN +K(NN — NN)]q)iN =ED, (23)

in the sector. The corresponding equation for the WF
@4 (1;2) looks as

(E-E, —E, Y0, (1;2)

[ apap, 7 (1251, 205, (152).

If we start with the same zeroth approximation to
H , our description of the clothed #7N and NN states
will be very similar to that given for 7N and NN
states. A different situation holds in the case of clothed
fermion—antifermion and two—meson states, where one
has to handle eigenstates of a mixed kind (see [2]). Nev-
ertheless, the corresponding equations for the WF’s can
be solved in a nonperturbative way using the methods
elaborated in the theory of nuclear reactions.

(24)

7. THE S -OPERATOR. AN EQUIVALENCE
THEOREM FOR THE § MATRIX

After constructing the interaction operators in the
CPR it becomes to be indispensable to express the con-
ventional S -matrix through the clothed-particle interac-
tions and states. In this respect, let me recall the defini-
tion

Hoty —1H (-1 )ef uH oty

S=1lim lim e

y—>+00 [ —>—0

e (25)

of the S -operator S=S(a) for the decomposition

H=H,(a)+H,(a). Furthermore, let us introduce the
S -operator
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Koty —1K(t,—t)) —1Kt,
S o2 (r |)e o

o = 1Im lim e

ty—>+0 t—>—0

(26)

for the decomposition H =K(a,)=K,(a, )+K,(a, ) or

S.om = lim lim

¢
1Hy—>+%0 | —>—0

W, (t,)e "o e et gkt (g ), 27)
where W, (¢) = exp (iK,t )W exp(—iK,t).
Since

lim 7, (t)=1or lim R, (t)=0 (28)
then

S, = lim lim eale0n g et gata —(9g)

4 >0
Matrix elements (a'..Q,S(a)|a’..Q,) of §=S(a)
between the bare states a'..Q, with H,Q,=0 and
al..Q) of S, =S(,)
between the clothed states a'..Q with K,Q=0 are

equal to each other since the a,-algebra with the vac-

matrix elements (a’..QS(a,)

uum Q) is isomorphic to the a-algebra with the vac-
uum Q. Thus, all what we need to ensure this equiva-

lence is the asymptotic condition (28), i.e.,

tlir}l exp[iH,(a,)t]R(a,)exp[—iH,(a,)t]=0.  (30)

As it has been shown in [6] this condition may be ful-
filled, at least, for the Yukawa model.

8. LINKS WITH THE IN(OUT)
FORMALISM. REDUCTION TO CLOTHED
PARTICLE STATES

In order to describe collisions bound systems it is
pertinent  to  proceed  with  the  S-matrix

S, ={f ;out|i;in> in the Heisenberg (H) picture, built of
the in(out) states, e.g., for the reaction 7d —» NN with
S.eomv =(NN;outla! (k,)|d) . Further, one introduces
(to be definite for opposite-charged scalar particles)
Akt =(1.0), B (,)=(p.f,)=~(fi.p) with re-

spect to the scalar product (F,F,)=i I dxF" (x,x,)
0,F,(x,x,) for the H-field operator

0(x) = p(x,1) = ", (x)e ™,
oy =l a4 £+ B0 ;0] G

Here f,(x) are the respective plane waves (strictly
speaking, the wave-packet-like solutions of the Klein-
Gordon equation with positive frequencies). Now, con-
sidering the similarity transformations
A(k) = A (k) =W"A(k)yWw and B(k)— B.(k)=
W'B(k)W and employing the LSZ prescription
lim (| A" (k,1)|¥) = (D| 4] (k)| ¥)
-0
to be valid for any normalizable states @ and ¥, one
can show (see [6]) that the one-meson in-state

|k;in) = 45, (k)Q = lim 4" (k,1)Q = 4! (k)Q

(32)

(33)
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and the two-meson in-states
|k kysin) = Af (k) A (k)

in

= lim &' 4T (k) AT (k).

-0

(34)
Its trivial consequence is,
Ky kysin) = AT (k) AT (k,)Q

Similar relations with # — +oo can be derived for the
out-states. Moreover, such limits in the distant past and
future are equivalent to the “Mgller” operators
QY(E)=+ilim ——— .
>0 Ete— H
For instance, we find that

|k, kyziny = QW (k! + k) ) Al (k) AL (k,)|Q) . (35)

Such a time-independent representation via the Hamilto-
nian resolvent is closely connected with the approaches
typical to the nonrelativistic quantum theory (see [5,6]).

9. CONCLUDING REMARKS

i) I have tried to show a possible way in finding
bridges between the description of some bound and
scattering states in QFT and the approach traditional for
the nuclear physics. Of course, in spite of a similarity
between nonrelativistic quantum mechanics and our
clothing procedure, the latter gives rise to the new non-
conserving clothed-particle-number interactions
(quasipotentials).

ii) The method of unitary clothing transformations
enables us to obtain (in a combination with nonpertur-
bative recipes of QFT) a number of relations helpful
both for the evaluation of reaction amplitudes and state
vectors.
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METO/I YHUTAPHBIX OJIEBAIOIIIAX IPEOBPA3OBAHUI B KBAHTOBOWM TEOPUH I1OJIS:
MMPOBJEMA CBA3AHHBIX COCTOSIHUM U S-MATPULIA

A.B. Illebexo

C nomonipro nepeopMyJIMpOBaHUs KBAHTOBOM TEOPHUHU MOJIS B TEPMUHAX TAK Ha3bIBAEMBIX “‘O/IE€THIX” YacCTHUI] U
B3aMMOJICHCTBHI MEXIy HHMH PacCMOTpEHa IMpoOiieMa IOMCKa MPOCTEUIINX COOCTBEHHBIX COCTOSHHH ITOJHOTO
ramuiabToHHaHa H. B aToMm moaxone H u Apyrue onepaTopsl, UMEIOIINe TITyOOKHiA (PU3MUECKI CMBICT, TAKHE KaK
reHeparops! JIopeH1| OyCTOB M IUIOTHOCTh TOKA, KOTOPbIE M3HAYAIBHO 3aBHCAT OT ONEPATOPOB POXKACHHS M YHUU-
TOKEHMsI “TOJIBIX” YaCTHLI, BBIPAXKAIOTCA Yepe3 omneparopsl “omeTsix” vacTul. [lepexon k mpeAcTaBIeHUIO “one-
THIX” YaCTHI[ OCYIIECTBISIETCS C MOMOINBIO ONpeAeTIeHHOro yHUTapHOro (“‘omeBaromiero”) mpeoOpa3oBaHus 0e3
M3MEHEHHMsI ICXOAHOTO TaMUIIbTOHHaHa. [I0ka3aHo, Kak MOKHO BBIYUCISITH S-MAaTPHUIy B HOBOM IIPECTaBICHUH.

METO/I YHITAPHUX OJISITAIOYUX IIEPETBOPEHD B KBAHTOBII TEOPII I10OJIA:
ITPOBJIEMA 3B’I3AHUX CTAHIB I S-MATPULIA

O.B. Illebexo

3a momomoror mepedopMyIIFOBaHHS KBAaHTOBOI TEOpil MOJSA B TEpMiHAX TaK 3BaHUX “‘OISTHEHHX YACTHHOK i
B3a€MOJIIl MK HUMH PO3TIIAACHO IpoOiaeMy MOIIyKy MPOCTIINX BIACHUX CTAHIB MOBHOTO ramineToHiaHy H . Y
pOMY Tizxoni H Ta iHIII onepaTropu, 10 MaloTh MMOOKe (i3udHe 3HaYeHHS, Taki sk reHeparopu JlopeHi OycTiB i
TYCTHHA CTPyMy, KOTpPi ITOYaTKOBO 3aJeXaTh BiJl ONEpaToOpiB HApOPKEHHS 1 3HHUIIEHHS “TOJHMX~ YaCTHHOK, MOJa-
IOTHCS Yepe3 OnepaTopH “OIATHEHUX YacTHHOK. Ilepexin 10 300pakeHHs “ONATHEHUX YaCTHHOK 3IIHCHIOETHCS 3a
JIOTIOMOT'OI0 TIEBHOTO YHITapHOTO (“‘07srarodoro’) mepeTBOPeHHs 0e3 3MiHU IMOYaTKOBOTO raminpToHiaHy. [lokaza-
HO, SIK MOYKHA 00YHCITIOBATH S-MaTPUII0 B HOBOMY 300paXKCHHI.
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