lpednoxeHue no akcnepuMeHmasibHOMy
HabnroodeHuro ycnosuu, Heobxoo0umMbix Onisi pacnaoda
eakyyMma e K3/] co ceepxkpumu4ecKumMm
KYJZIOHOBCKUM IOJIEM.

B.l1.He3zHamoe

Hay4yHbiu Coeem O®H PAH «®u3uka msixesnbiX UOHO8»
2. Huxxnuu Hoe2opod (13 — 18 mas 20242.)



®EPMUOHHbIN BAKYYM B K3/

CmaHndapmmHasi K3

1. PepMUOHHbLIU 8aKyyM Herlycmou (6 HemM
donyckaemcsi aupmyasibHOe po)XOeHue U
aHHU2UJIAUUs Yacmuy u aHmu4yacmuu)

2. B meopuu ucnosnb3yromcsi Kak
COCMOSIHUSI C NOJIOXKUmMeJsibHbIMU, MakK U ¢
ompuuyameJsibHbIMU 3Hep2usiMu 4acmuy,

2.1 B meopuu nosumpoHos LLimrokenbbepea-
deliHMaHa NO3UMPOHbLI NpedcmasJsissrom
coboU 3s1IeKmpoHbI C ompuyamersibHbIMU
3HepausiMu, dsuXXyuuecsi 8 obpamHom
HarpaeJsieHuu e rpocmpaHcmee-epeMeHuU

[1]. B. 1. HesHamos, QYAA 37, 152 (2006), arxiv: hep-th/0411050.

Hoeas eepcusi K3 [1-5]

1. PepMUOHHbIU 8aKyyM nycmou

2. B meopuu ucnosib3yromcsi moJsibKo
COCMOSIHUSI C NOJIOXKUMmeJsIbHbIMU 3Hep2usiMu.
3mo omHocumcs KakK K peasibHbIM, MaK U K
eupmyasibHbIM COCMOSIHUSIM

2.1 Nlo3umpoHbI onucbiearomcs
peweHusiMu ypasHeHusi [Jupaka c
U3MeHEeHHbIMU 3HaKaMu 3J1eKmpu4ecKo20
3apsida u maccbl

[2]. B. 1. HesHamos, QYAA 43, 70 (2012), arxiv: 1107.0693 (physics. gen-ph).
[3]. V. P. Neznamov and V. E. Shemarulin, Int. J. Mod. Phys. A 36, 2150086 (2021).

[4]. V. P. Neznamov, Int. J. Mod. Phys. A, 2150173 (2021).

[5]. B.[1.He3Hamos. «KeaHmoegasi ariekmpoOuHamuka ¢ rnycmbiM ¢(hepMUOHHbLIM 8aKyyMoM. BoO3MOXXHocmu
aKcrepumeHmarsbHouU eepugbukayuuy (npedcmaeneHa 8 xypHan HL{OM «Dusmam»)



2.2 B meopuu [upaka ¢pepMUOHHbIU 8aKyyM
orucbieaemcsi Ha si3blKe NoJIHOCMbHO
3anoJyIHeHHbIX COCMOSIHUU C
ompuuyamersibHbIMU 3Hep2usiMmu (Mope
HAdupaka). Obipku e mope fupaka
UHMepnpemupyromcs Kak Hajau4due
aHmu4acmuy,

3. B cunbHbIX 3571IeKMPOMa2HUMHbIX MOJISIX
803MO)KHO 8aKyyMHOe pPOXXOeHue peasibHbIX
3J/1IeKMPOH-MO3UMPOHHbIX nap. Ipgekm
LlleuHzepa: eakyyMHoOe poxxoeHue
peasibHbIX rnap 6 cusibHOM OOHOPOOHOM
3J/IEKMPUYECKOM r1oJie, UHMeHCUBHOCMb
Kpumu4eckoz2o rosisi paeHa ~5.10%° Br/cm’

3. Appexkm LllsuHzepa omcymcmeyem

4. B ocmasibHOM KOHeYHble pe3ysibmambl pacdyemos 3¢pgpekmos
K3/ nonHocmbro coenadarom Apya ¢ Opyaom



CmaHdapmHas K3[

positive-energy continuum

negative-energy continuum
occupied with electrons

FIG. 1. The low-lying energy levels of a H-like ion as functions of the nuclear charge number Z.

[1]. W.Greiner and J.Reinhart. Quantum Electrodynamics. Springer-Verlag Berlin Heidelberg New York, 2003. 4



CmaHOapmHast K3/[

positive-energy continuum

negative-energy continuum
occupied with electrons

FIG. 2. The low-lying energy levels of a H-like ion as functions of the nuclear charge number Z.

mc?

Hoeast eepcuss K3/

positive-energy continuum
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FIG. 3. The s (x=-1) and p,;, (x=1)
contributions to the pair-creation probability P
as functions of the parameter n = E/E,, which
IS the ratio of the collision energy E to the
energy of the head-on collision E,, at the same
minimal internuclear distance

R.,=17.5fm. The s and p,,, contributions are
shown with the dashed (orange) and dotted
(green) lines, respectively, while the total P
value is displayed by the solid (blue) line.

R. V. Popov, V. M. Shabaev et al,
Phys. Rev. D 102, 076005 (2020)



Furthermore, since transitions from the negative-
energy continuum into the vacant bound states, especially
the two 1so states, are no longer suppressed by the small
probabilities for having created a 1so hole, positron pro-

duction probabilities increase by a factor of ~ 30, e.g., in

740-MeV central collisions and by up to a factor of ~ 130
in distant (b ~40 fm) collisions assuming pure Ruther-
ford scattering. In this way we have shown that inner-
shell states, if brought empty into the collision, will
represent the dominant final states for electrons from pair
production.

U. Mdller, T. de Reus et al, Phys. Rev. A, 37, 1449 (1988)
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Fig. 13.3. The anisotropy of the quasi-molecular
spectrum was utilized by Sroller et al. [St77] to
measure the K x-ray energies of the united quasi-
atoms

[1]. W. Greiner, B. Mdiller, J. Rafelski. Quantum
Electrodynamics of Strong Fields.
Springer-Verlag Berlin Heidelberg, 1985.

[2]. W. Greiner, J. Reinhardt. Quantum Electrodynamics.
Springer-Verlag Berlin Heidelberg New York, 2003.
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The energy-dependent anisotropy, once established, proved useful in two
respects. For one, it enabled fairly systematic determination of the transition
energy in the united quasiatom. This fact was exploited by W6lfli and collabora-
tors [St77, 78], who systematically studied the peak up to Z;+Z,~ 100,
Fig. 13.3. Unfortunately, the method lost its usefulness in the region of super-

heavy quasiatoms, as clearly shown by Meyerhof and collaborators [Me 79] in

their measurement of the Pb+ Pb system, where no anisotropy peak is seen

(Fig. 13.4) in the quasi-molecular K x-ray spectrum.

Fig. 13.4. Molecular orbital x-ray spectrum
of the Pb—Pb system (Z, + Z, = 164), measured by
Meyerhof et al. [Me 79]. The solid curve labelled MO
reproduces the calculations of Kirsch et al.
[Ki 78] for molecular x-rays, NNB stands
for nuclear bremsstrahlung
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lNpepnoxeHue
Co30ampb paboyyro epynny u3 npedcmasumerneu:

v ClMory - ors. B.M.lLlabaeB
v POAL-BHNN3® — oTB. B.[1.HeaHamoB
v ONAUN — oTB. ?7?7?7

Paboyel epynne:

1. Paccuutartb konmyectBeHHO ana AByx Bepcusa K3 kpusble cnanpa 9 (P (Z,= Z,+2))).
2. Onpenenntb BO3MOXHOCTb MPeLn3NOHHbLIX namepeHuin Ha yctaHoskax OUNAN
BEPOATHOCTEN POXKOEHUA AMEKTPOH-MO3UTPOHHLIX Nap B 3@aBUCUMOCTU OT BENTUYUHBI
CyMMapHoro Z, = Z,+Z, cTankuBarLLNXCA NOHOB.

3. Peaynbratbl NyHKTOB 1 1 2 OONOXUTb Ha odepenHoM 3acegaHnn HaydHoro Coseta

OOPH PAH «®usunka taxenbiX MOHOBY.
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Cnacubo sa BHMMaHMe



