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Introduction
e0

Non-perturbative vacuum effects for Z > Z,,

@ The most well-know effect predicted by QED for supercritical region

(Z > Z.r) is a vacuum positron emission caused by diving the discrete
electronic levels into the lower continuum.
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o The recent non-perturbative computations show that Evy p

demonstrates essentially non-linear behaviour for Z > Z., and, under
certain conditions, Eyp can compete with Ecouw.?
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o Is it possible to compensate for non-perturbative vacuum effects
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@ Full non-perturbative analysis of the radiative effects is too complicated

4

The interaction of the electron magnetic anomaly with Coulomb field

AUan v is a component of the self-energy contribution to the total
radiative shift of the levels.

AUan is a local operator, which allows for a detailed non-perturbative
analysis.
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Effective interaction due to AMM

In the static limit
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AMM is not an intrinsic property of the electron = Ag — Agfree c(r).2
The one-loop vertex correction®
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Hence, the effective potential of the interaction with an external
electromagnetic field:
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Effective interaction due to AMM

Taking into account the dynamical screening of the electronic AMM at
short distances, one obtains®:

i
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where X = o2 /4mm, F2(0) = Agfree/2 ~ a/2m,
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and ®(q) is a Fourier-transform of the nuclear Coulomb field ®(r).
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Dynamical screening of AMM

For the extended nucleus in a form of the uniformly charged ball with
raduis R the calculations give®
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The Dirac equation with AU pm

The Dirac equation with an additional effective interaction AUaaras has
the form (h=c=m =1)

(@p+B+W(r)+AUamm) ¥ = ep. (7)

In the spherically symmetric case (H-like atom):

i
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The system of equation for f., g has the form
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where k = £(j + '), v(r) = c(r) — ' (r).
The potential AU 4 is accounted non-perturbatively both in Za and
(partially) in «/m, since /7 enters as a factor in the coupling constant .
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The two-center Dirac equation with AU An pm

For a compact nuclear quasi-molecule (d < 100 fm) the expansion of the
electronic wave-function under the spherical harmonics and the multipole

expansion of the two-center potential may be used, W (7)) = —a U(¥)
+N N
Y= Z fr Xn,mj ) X = Z 9k X*H,m]‘ ) (10)
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where X,M,mj = lemj " X\n|,mj = (Eﬁ) lem;
As a result one obtain”
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The two-center Dirac equation with AU An pm

where
Nuw(r) =D Un(r) We (n; L 1e),
’ _ (12)
Mas(r) = 37 (9 + 5= Valr) We (s i ),
— sign(—k) = - k>0, I k>0,
STEBMTR T k<o, Tkl -1, k<O,
and

We (1513 1r) = (Xim; | Pr(cos 9)| Xg m; ).

The Eq. (12) includes the multipole moments of the two-center potentials
U, and V,, :
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The general properties of the shifts due to AU apras

@ The self-energy shift of the electronic levels for H-like atoms is usually
represented in the form®

. 7405
In perturbative QED, F,;(Zc) is found® for the lowest electronic levels
of H-like atoms with the nucleus charge in the range Z =1 — 110. For
the level 1s;/; the calculations with a precision of about 5% were

performed up to Z = 170.1°

o And although AF 4 is not a dominant contribution to AEsg, the
behaviour F,‘%-MM (with accounting for the dynamical screening) for a
number of the lower electronic levels qualitively reproduces'! the
behaviour of the Fi,;.
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Figure: The function FijM for the contribution from AU s as a function

from the nuclear charge Z for levels with n < 4 and j = 1/, 3/s.
The levels with j =1 + '/ (Fig. a) and j =1 — /2 (Fig. b) are shown.
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The shift due to AUy near € = —1

Table: The values F#].MM(Zcra) for the shift due to AU prar for levels with

different nlj near the threshold of the lower continuum in the range
Zer1s < 4 < 1000.

n nsi/2 nps/2 ”d5/2 nf7/2 ngg /2 ”h11/2
1 0.398 0 0 0 0 0
2 0.641 0.624 0 0 0 0
3 0.551 0.764 0.736 0 0 0
4 0.431 0.722 0.805 0.809 0 0
5 0.338 0.626 0.775 0.827 0.851 0
6 0.272 0.529 0.706 0.797 0.844 0.886
7 0.223 0.449 0.624 0.740 0.807 0.859
8 0.187 0.384 0.549 0.671 0.754 0.814
9 0.159 0.333 0.483 0.606 0.695 0.763
10 0.137 0.292 0.427 0.544 0.638 -
11 0.120 0.258 0.381 0.490 0.583 -
12 0.106 0.229 0.342 - - -
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The shift due to AUy near € = —1

Table: The values F#].M M (Zera) for the shift due to AU for levels with
different nlj near the threshold of the lower continuum in the range
Zer1s < 4 < 1000.

n npi/2 ndz /o nf5/2 ngr/2 nhg o ni11/2
2 —2.309 0 0 0 0 0

3 —1.393 —2.031 0 0 0 0

4 —0.874 —1.669 —1.749 0 0 0

5 —0.601 —1.273 —1.559 —1.586 0 0

6 —0.442 —0.969 —1.318 —1.447 —1.486 0

7 —0.341 —0.754 —1.089 —1.278 —1.358 —1.414
8 —0.272 —0.604 —0.900 —1.107 —1.228 —1.296
9 —0.223 —0.496 —0.750 —0.957 —1.095 —1.186
10 —0.187 —0.416 —0.633 —0.823 —0.968 —1.071
11 —0.160 —0.355 —0.543 —-0.714 —0.855 -

12 —0.138 —0.307 —0.472 —0.624 - -
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The shift due to AUy near € = —1
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Figure: The shift of the levels due to AUpsps in term of FT‘;‘J-MM(ZCT&) for levels

with different nlj near the threshold of the lower continuum in the range

Zer1s < 4 < 1000.

The separate trajectories correspond to the series of the levels with different parity
and Ij (Fig.a— k<0, j=1+1, Fig.b—x>0, j=1-1h)



Radiative QED effects for Z > Z¢p
0000080

The shift due to AUanrar

Table: The shift of the levels 1oy and 1oy, due to AUap s for the different values Zy, = 27
and d. The shift of the levels 1s; /5 and 2p; /5 for H-like atom is depicted for comparison (in

keV).

level ) H-like d=15.5 fm d =20 fm d =30 fm d =40 fm

140 0.495 0.465 0.448 0.413 0.385

150 0.690 0.635 0.603 0.545 0.500

160 0.912 0.828 0.779 0.692 0.626

log 170 1.118 1.017 0.953 0.840 0.755

(1s1/2) 173 — 1.068 1.002 0.883 0.793

176 — — 1.047 0.924 0.830

181 — — — 0.987 0.888

186 — — — — 0.942

150 —0.373 —0.329 —0.304 —0.264 —0.234

160 —0.632 —0.546 —0.497 —0.417 —0.361

170 —0.875 —0.763 —0.696 —0.580 —0.498

180 —1.052 —0.937 —0.861 —0.725 —0.625

loy 183 —1.090 —0.978 —0.901 —0.763 —0.659

(2p1/2) 188 — —1.034 —0.960 —0.819 —0.711

191 — — —0.989 —0.848 —0.738

195 — — — —0.883 —0.773

199 —0.912 —0.802
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Figure: The function FT‘?]-MM for the contribution from AU sar as a function of
total charge Z for the electronic level 1oy a and 1oy b in the diatomic
quasi-molecule (for fixed internuclear distances r = 15.5, 20, 30,40 fm).
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Conclusions

@ The shift of the electronic level caused by AUanrns is considered within
the nonperturbative approach for H-like atom and diatomic
quasi-molecule. There appears a natural assumption that in the
overcritical region, the decrease with the growing Z and the size of the
system of Coulomb sources R should also take place for the total
self-energy contribution to the levels’ shift near the threshold of the
lower continuum, and so for the other radiative QED effects with
virtual photon exchange.

o Thus, the non-linear growth of the vacuum energy for Z >> Z.., where
the contribution from the fermionic loop plays the main role, can not
be compensated by the contribution from the radiative corrections.
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Dynamical screening of A

In the static limit

AU 7= —2—oc""F,,. 1
Uhnrae(7) 2 4m o fu (16)
The one-loop vertex correction®?
{ v
T(q") =" Fi(q”) + 5 - F2(d) 0" qu - (17)

Hence, the effective potential of the interaction with the external
electromagnetic field:

AVsains(7) = o "0, A7), (19)
where 1
AL () = s / dq 7" A () Fa(~77) . (19)
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Dynamical screening of AMM

For a spherically symmetric Coulomb field Affl)(f” ) = 00,u ()

r

AUanrne(r) = —iAy -V (—ZC—(T)> , (20)

where A\ = o /d4mm, a = €® /4, F2(0) = Agfree/2 =~ a/2m,

c(r) = qudq sin gr (f Zle <I>(q)) 711_ Fjé(g) ) . (21)

It should be noted, that Eq. (20) has the same structure as Eq. (16)

. L = [(ATd(T
AU () = =7 (D) (22)
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