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RELATIVISTIC THEORY OF SPECTRA OF PIONIC ATOMIC SYSTEMS
Z8Pb WITH ACCOUNT OF STRONG PION-NUCLEAR INTERACTION EFFECTS

Itis presented a consistent relativistic theory of spectra of the pionic atoms on the basis ofthe Klein-Gordon-Fock with
ageneralized radiation and strong pion-nuclear potentials. It is applied to calculation of the energy and spectral parameters
for pionic atoms of the 208Pb with accounting for the radiation (vacuum polarization), nuclear (finite size of a nucleus )
and the strong pion-nuclear interaction corrections. The measured values of the Berkley, CERN and Virginia laboratories
and alternative data based on other versions of the Klein-Gordon-Fock theories with taking into account for a finite size
of the nucleus in the model uniformly charged sphere and the standard Uehling-Serber radiation correction and optical
atomic theory are listed too. There are listed new data on shift and broadening of the 4f level in 208Pb due to the strong

pion-nuclear interaction.

1. Introduction

In papers [1-3] we have presented a new rela-
tivistic method of the Klein-Gordon-Fock equa-
tion with

an generalized pion-nuclear potential

to determine transition energies in spectroscopy
of light, middle and heavy pionic atoms with ac-
counting for the strong interaction effects. In this
paper, which goes on our studying on spectros-
copy of pionic atoms, we firstly applied method
[1-3] to calculating calculation of the energy and
of the 208Pb

spectral parameters for pionic atom

with accounting for the radiation (vacuum

po-
larization), nuclear (finite size of a nucleus ) and
the strong pion-nuclear interaction corrections.
There are listed new data on shift and broadening
of the 4f level in 208Pb due to the strong pion-
nuclear interaction.

Following [1-3], let us remind that spectros-
copy of hadron atoms has been used as a tool for
the study of particles and fundamental properties
for along time. Exotic atoms are also interesting
objects as they enable to probe aspects of atom ic
and nuclear structure that are quantitatively dif-
ferent from what can be studied in electronic or

“normal” atoms. At present time one of the most
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sensitive tests for the chiral symmetry breaking

scenario in the modern hadron’s physics is pro-

vided by studying the exotic hadron-atomic sys-
tems. Nowadays the transition energies in pionic
(kaonic, muonic etc.) atoms are measured with an

unprecedented precision and from studying spec-

tra of the hadronic atoms it is possible to investi-
gate the strong interaction at low energies meas-
uring the energy and natural width of the ground

level with a precision of few meV [1-20]. The

strong interaction is the reason for a shift in the

energies of the low-lying levels from the purely

electrom agnetic values and the finite lifetime of

the state corresponds to an increase in the ob-

served level width. For a long time the similar

experimental investigations have been carried out

in the laboratories of Berkley, Virginia (USA),

CERN (Switzerland). The most known theoreti-

cal models to treating the hadronic (pionic, ka-

onic, muonic, antiprotonic etc.) atomic systems

are presented in refs. [21-48]. The most difficult

aspects of the theoretical modeling are reduced
to the correct description of pion-nuclear strong
interaction [1-3] as the electrom agnetic partofthe

problem is reasonably accounted for.
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2, Relativistic approach to pionic atoms
spectra
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absorption ofpions(withdifferentchannelsatp-p

pair ) and P-N pair BO{ )), and isospin and

spindependence ofanam plitude p-N scattering

(bOP(ry~ bOp{r + b1\pp{n - pn{n;.

the Lorentz-Lorentz effect in the p-wave interac-
tion.For the pionicatom withrem ainedelectron
shells the total wave-function is a product of the

product Slater determinant of the electrons sub-

system (Dirac equation) and the pionic wave
function. In whole the energy of the hadronic
atom isrepresentedasthesum :

E « Ekg+Efs+Eyp+En’, (12)

Here EKG-isthe energy ofa pioninanucleus
{ZA) with the point-like charge (dominative
EFS is the contribution due
EWisthe radia-

tion correction due to the vacuum -polarization ef-

contribution in (12)),

to the nucleus finite size effect,

fect, En is the energyshiftdue tothe strong in-
teraction VN.

The strong pion-nucleus interaction contribu-

tion canbefoundfrom the solution of the Klein-
Gordon-Fock equation with the corresponding pi-
on-nucleon potential. The detailed description and
analysis of different aspects ofthecom putational

procedure can be found in Refs. [1-4,48-75].

the shift and broadening (keV ) ofthe 4flevel due

to the strongpion-nuclearinteraction[2-8].

Table 1
Transition energies(keV)inthe spectra of
heavypionic atom 2ZBPb(seetext)

Trans. CERN En En
BP [14, 18] our
data

4f-3d 1282 + 2.2 1261.23 1281.78

59-4f 57546+ 0.04 - 575.78

Here we wuse the short designation of the

VIN- potential parameter sets: Tauscher, -Taul;

Tauscher, -Tau2; Batty etal-Bat.; Seki etal- Sek;

Laat-Konijin etal - Laat,Our set-our.

Our parameterization VpN upheld options that
are the mostreliably determined (B 0,c0,c1,C0). The
potential parameters whose values differ greatly
in different sets, in particular, b1(b1;=-0.094) plus
notincluded still to the VpN parameter set (Im B 1,
ImC1) were optimized by calculating the strong
dependencies shifts for the pionic p-20N e,24M g, 93
N b ,133C s,175L u ,181T a,197A u ,208Pb atom s

upon the

values ofb 1, ImBLImC1;further the selected these

Table 2

Shiftand broadening (keV)of the4f level due tothestrongpion-nuclear interaction

H -like Taul Tau2 Bat Sek Laat Our
04fA f Exp .

une. » - 05. 15. 15=1 5-1 5.1
208Pb: e 1.68+0.04 - 1.76 1.62 1.58 1.39 1.68 1.65
208Pb: r 0.98+0.05 - 1.18 1.04 1.03 0.86 0.98 0.97

3. Resultsand conclusions

In table 1 ourdata onthe 4f-3d, 5g-4ftransi-
tionenergiesfor pionic atom of 208Pb are presen-
ted. The measured values ofthe CERN and alter-
native data based on other versions of the Klein-
Gordon-Fock theories with taking into account for
a finite size ofthe nucleus in the model uniformly
charged sphere and the standard Uehling-Serber

radiation correction and optical atomic theory

are listed too [2-10]. In table 2 we present data on
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values meet thestandarddeviation oftheleastre-
liable experimentalvalues.

The analysis ofthepresented data indicate on
the importance ofthe correct accounting forthe
radiation (vacuum polarization) and the strong pi-
on-nuclear interaction corrections. Obviously, it
is clear that that the contributions provided by the
finite size effect should be accounted in a precise
increas-

theory. Besides, taking into account the

ing accuracy of the X-ray pionic atom spectros-

copy experiments, it can be noted that knowl-



edge ofthe exact electrom agnetic theory data will

make more clear the true values for parameters

ofthe pion-nuclear potentials and correct the dis-

advantage of widely used parameterization of the

potentials (9)-(11).
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I. N. Serga, O. Yu. Khetselius, L. A. Vitavetskaya, A. N. Bystryantseva

RELATIVISTIC THEORY OF SPECTRA OF PIONIC ATOMIC SYSTEM 28°b
WITH ACCOUNT OF STRONG PION-NUCLEAR INTERACTION EFFECTS

Abstract. Itis presented a consistent relativistic theory of spectra of the pionic atoms on the basis
ofthe Klein-Gordon-Fock with ageneralized radiation and strong pion-nuclear potentials. Itis applied
to calculation of the energy and spectral parameters for pionic atoms of the 208Pb with accounting
for the radiation (vacuum polarization), nuclear (finite size of a nucleus ) and the strong pion-nuclear
interaction corrections. The measured values of the Berkley, CERN and Virginia laboratories and
alternative data based on other versions of the Klein-Gordon-Fock theories with taking into account
for a finite size ofthe nucleus in the model uniformly charged sphere and the standard Uehling-Serber
radiation correction and optical atomic theory are listed too. There are listed new data on shift and
broadening ofthe 4flevel in 208Pb due to the strong pion-nuclear intetraction.

Keywords: strong interaction, pionic atom 208Pb, relativistic theory
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H. H. Cepa, O. W. Xe”emyc, H. A. Bumaee"KaH, A. H. Ebicmprn”~ea

PERRTHBHCTCKAR TEOPHR CnEKTPOB ITHOHITUX ATOMHbIX CHCTEM Z8°b C
YRETOM "MAEKTOB CHRbHOTO nHOH-R*"EPHOTO B3AHMOAEHCTBHR

PEBMMG. npegcraBneHa nocnegoBaTenbHaa penaraBucrcKaa Teopua cneKTpoB nuoHHDbix aTOMOB
Ha ocHOBe ypaBHeHua KneuHa-TopgoHa-OoKa ¢ odod*eHHbiMu pagua”uoHHbIM u cunbHbiM nuoH -
agepHHM ~OTeH”uanoM. BbinonHeH pacaeT "Hep”eTUHecKux u cneKTpanbHbix napaMeTpoB gna nu-
oHHoro aToMa ZBJb, c yaeTOM pagua"uoHHbe (“onapu3a®~ua BaKyyMa), agepHbix (KoHenHbiu pa3Mep
agpa) "$$eKTOB u nonpaBKu HacunbHoe nuoH-HyKnoHHoe B3auMogeUcTBue. TaK®*e gna cpaBHeHua
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npegcraBneHbi gaHHDbie u3MepeHuu b na6opaTopuax Berkley, HEPH u Bupg*uHua u TeopeTunecKue
pe3ynbTaTH, nonyneHHDbie Ha ocHoBe anbrepHaTuBHbix Teopuu KneuHa-ropgoHa-OoKa c yneTOM ko-
HenHoro pa3Mepa agpa b Mogenu paBHoMepHo 3apa*eHHOoOM c”~epbi u cTaHgapTHou MnuHTr-Cep6ep
nonpaBKu. npegcTaBneHDbi HoBbie gaHHbie no cgBury u ymupeHuro 4fypoBHa b aToMe ZBJb 6naro-
gapa cunbHoMy nuoH-agepHoMy B3auMogeMcTBuro.

K”roneBbie ¢™OBa: cunbHoe B3auMm ogeucTBue, nuoHHMH aToM AB b, penaTuBucTcKaa Teopua

YK 539.182

I. M. Cepta, O. W. Xe”™niyc, H. A. Bimaee"m, A. M. EucmpHH"eea

PERRTHBICTCbKA TEOPIR CnEKTPIB niO HHHX ATOMHHX CHCTEM 28b
3yPAXYBAHHRM EMEKTIB CHRbHOI niOH-RM"EPHOI B3AGMOAII

Pe3roMe. npegcTaBneHa nocnigoBHa penaTuBicTchKa Teopia cneKTpiB niBoHIM aTOMIB Ha ochobl
piBHaHHa KneuHa-ropgoHa-OoKa 3 y3aranbHeHuMu pagia”HHuM i cunbHuM niBoHia-agepHuM no-
TeH”anoM. BuKoHaHo po3paxyHoK eHepreTunHux i cneKTpanbHux napaMeTpiB gna nioHoro aToMa
ZB’b 3 ypaxyBaHHaM pagia”KH ux (nonaproa/\a BaKyyMy), agepHux (KiHA"BuM po3Mip agpa ) e$eK -
TiB Ta nonpaBKu Ha cunbHy nioH-HyKnoHHyYy B3aeMogiro. TaKo* gna nopiBHaHHa npegcTaBneHi gaHi
BuMiproBaHb b na6opaTopiax Berkley, HEPH i Bipg*uHia i TeopeTunm pe3ynbTaTu, oTpuMaHi Ha
ocHoBi anbTepHaTuBHux Teopiu KneuHa-ropgoHa-OoKa 3 ypaxyBaHHaM KiH~Boro po3Mipy agpa b
Mogeni piBHoMipHo 3apag*eHoi c”epu i cTaHgapraoi Mnmr-Cep6ep nonpaBKu. npegcTaBneHi hobl
gaHHi "ogo 3cyBy TaymupeHHa 4fpiBHa b aToMi ZB’b 3aBgaKu cunbHiH nioH -agepHiu B3aeMogii
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