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Abstract

The symmetry between the creation of pairs of massless bosons or
fermions by accelerated mirror in 1+1-space and the emission of sin-
gle photons or scalar quanta by electric or scalar charge in 3+1-space
embraces not only the processes of real quanta radiation. The general
relation of Bogoliubov coefficients, describing the processes induced by
the mirror, to Fourier components of current or charge density means
that the spin of any disturbances bilinear in scalar or spinor field (i.e.
pairs) coincides with the spin of quanta emitted by the electric or
scalar charge. The mass and invariant momentum transfer of these
pairs are essential for the integral connections between propagarors of
a pair in 141-space and a single particle in 3+1-space. This allows
to extend the symmetry to the processes of the mirror and the charge
interactions with the fields carrying spacelike momenta. These fields
accompany their sources and define the Bogoliubov matrix coefficients
af,’f . Tt is shown that the Lorentz-invariant traces tr a®f" describe
the vector and scalar interactions of accelerated mirror with a uni-
formly moving detector. This interpretation rests essentially on the
relation between the propagators of the waves with spacelike momenta



in 2- and 4-dimensional spaces. The tra®¥ for two important mir-
ror’s trajectories with subluminal velocities of the ends are found in
explicitly analytical form and are in accordance with general consid-
eration. The symmetry predicts one and the same value ey = v/hc for
electric and scalar charge in 3+1-space. The arguments are adduced
in favour of that this value and the corresponding value avg = 1/47 for
fine structure constant are the bare, nonrenormalized values.

1 Introduction

The Hawking’s mechanism for particle production at the black hole formation
is analogous to the emission from an ideal mirror accelerated in vacuum [1].
In its turn there is a close analogy between the radiation of pairs of scalar
(spinor) quanta from accelerated mirror in 141 space and the radiation of
photons (scalar quanta) by an accelerated electric (scalar) charge in 3+1
space [2,3]. Thus all these processes turn out to be mutually related. In
problems with moving mirrors the in-set ¢i, o, @5, and out-set Goutw, Prur o
of the wave equation solutions are usually used. For massless scalar field they
look as follows:

1 —iw'v —iw’ f(u
Ginwr (u,v) = 5 [e — e ™t )]7
1 —iwg(v) —iwu
bl 8) = e ) — ] )

with zero boundary condition ¢|i.q; = 0 on the mirror’s trajectory. Here
the variables u = ¢t — x, v = ¢t +  are used and the mirror’s (or charge’s)
trajectory on the w, v plane is given by any of the two mutually inverse
functions v™" = f(u), u™" = g(v).

For the in- and out-sets of massless Dirac equation solutions see [3]. Dirac
solutions differ from (1) by the presence of bispinor coefficients at u- and v-
plane waves. The current densities corresponding to these solutions have
only tangential components on the boundary. So, the boundary condition
both for scalar and spinor field is purely geometrical, it does not contain any
dimentional parameters.

The Bogoliubov coefficients a,,, 8./, appear as the coefficients of the
expansion of the out-set solutions in the in-set solutions; the coefficients
o, Fhuw arise as the coeflicients of the inverse expansion. The upper and



lower signs correspond to scalar (Bose) and spinor (Fermi) field. The explicit
form of Bogoliubov coefficients is very simple:
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The af, , 35¢ differ from these representations by the changes /w'/w —
V' (), £y/w/w' — /f(u) under the integral signs.

Then the mean number dn,, of quanta radiated by accelerated mirror to
the right semi-space with frequency w and wave vector w > 0, and the total

mean number N of quanta are given by the integrals
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These expressions do not contain A, but their interpretation as mean numbers
of quanta follows from the second-quantized theory.

At the same time the spectra of photons and scalar quanta emitted by
electric and scalar charges moving along the trajectory x,(7) in 3+1 space
are defined by the Fourier transforms of the electric current density 4-vector
Jo(z) and the scalar charge density p(z),

), (k) = e [ dr fa(r), 1yeoee
Jalz), p(z) = e/dT {Za(7), 1}04(x — (7)), (4)
and are given by the formulae
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where the upper index in dﬁ,(f), N®)_and k* denote the spin and 4-momentum
of quanta,

=24k —k2=0, K2 =k —k>=hik., ky=k +k,
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and in (5) it is supposed that the trajectory x®(7) has only x° and ! non-
trivial components, as the mirror’s one.

In contrast to quantities in (3), the dﬁ,(f) and N contain A since the
charge entering into current and charge densities is considered as classical
quantity.

The symmetry between the creation of Bose or Fermi pairs by accelerated
mirror in 141 space and the emission of single photons or scalar quanta by
electric or scalar charge in 341 space consists, first of all, in the coincidence
of the spectra. If one puts 2w = k, 2w’ = k_, then

1. 1
180" = Zlialke, kP 180l = Slolke, k)P (6)

So, the spectra coincide as a functions of two variables and a functionals of
common trajectory of a mirror and a charge. The distinction in multiplier
e? can be removed if one puts e = hc.

2 Symmetry and physical distinction of 3,
and o,

It follows from the second-quantized theory that the absolute pair production
amplitude and the single-particle scattering amplitude are connected by the
relation

{outw"wlin) = — Z(outw"\w’im B (7)

o

It enables to interpret 37, as the amplitude of a source of a pair of the mass-
less particles potentially emitted to the right and to the left with frequences
w and w’ respectively [4]. While the particle with frequency w actually es-
capes to the right, the particle with frequency w’ propagates some time then
is reflected by the mirror and is actually emitted to the right with altered
frequency w”. Then, in the time interval between pair creation and reflection
of the left particle, we have the virtual pair with energy £°, momentum k!,
and mass m:

R=wtuw, =w-uw, m=v-Fk=2Vwu. (8)

Apart from this polar timelike 2-vector k%, very important is the axial
spacelike 2-vector g%,

Go = capk’, @ =—-k'=—-w+d, ¢=-k=-w-uw <0 (9
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With the help of &% and ¢® the symmetry between o and [ coefficients
becomes clearly expressed:

\ qaj® (k) B kaj®(q)
s=1, el = — , e, = — , 10
ki k— Vkik— (10)
s=0, efy,=pk), eag,=p) (11)

Note that the equations (4) define the current density j%(k) and the
charge density p(k) as the functionals of the trajectory x®(7) and the func-
tions of any 2- or 4-vector k. It can be shown that in 1+1-space j*(k) and
j%(q) are the spacelike and timelike polar vectors if £ and ¢® are the timelike
and spacelike vectors correspondingly.

The boundary condition on the mirror evokes in the vacuum of massless
scalar or spinor field the appearance of vector or scalar disturbance waves
bilinear in massless fields. There are two types of these waves:

1) The waves with amplitude oy, (o, ) which carry the spacelike mo-
mentum directed to the left (right), and

2) The waves with amplitude 8%, (B...) which carry the timelike mo-
mentum with positive (negative) frequency.

The waves with the spacelike momenta appear even if the mirror is in
rest or moves uniformly (Casimir effect), while the waves with the timelike
momenta appear only in the case of accelerated mirror.

The pair of Bose (Fermi) particles has spin 1 (0) because its source is the
current density vector (charge density scalar), see [5] or the problem 12.15 in

[6].

3 Vacuum-vacuum amplitude (out|in) = ¢

It follows from the second quantized theory that in vacuum-vacuum ampli-

tude (out|in) = ¢ the Im W5 is well-defined. According to DeWitt [7],
Wald [8] and others (including myself [4])

2Im WHF = i%tr In(1+p78) or +trin(l+37p) (12)

correspondingly to the cases when particle is identical or nonidentical to
antiparticle. We confine ourselves by the last case and by the smallness of



the tr 373 <« 1. Then
T dwds i}
2 Im W ~ tr (67 8)5F = // Y |12 = NBF (13)
(2m)?
0

By using in the integrand of N5 the representations (2) for 35, the vari-
ables x(7) and x4 (7') instead of u, f(u) and v, g(v), and hyperbolic vari-
ables p, 6 instead of w, W/,

1 1
dwdw' = épdde, w= §p€€, W= =pe?,

p=2Vww, 9:111”3,, (14)
w

one obtains the imaginery part of the causal function in 14+1-space, Im Ag (z,p),
after integration over @, and then the imaginery part of the causal function
in 3+1-space, Im Ajf(z, ), after integration over p = m, the variable which
coincides with the mass of virtual pair according to (8). This result is a spe-
cial case of the very important integral relation between the causal functions
of wave equations for d- and d + 2-dimensional space-times [9],

1 o0
Aoz ) = 4—/2 dm? N (z,m), (15)
7

™

The small mass parameter p = 2v/wW' |, # 0 is introduced instead of zero
to avoid the infrared divergency in the following. Thus we obtain

2ImWBF = Im//deT { Talr ( ) }A{(z,u),
o = Ta(T) = @a(T ’)- (16)

We may omit the Im-signs from both of sides of this equation and define
the actions for bose- and fermi-mirrors in 141-space as

r=2 // deT'{ Zal)E(T) }A{(z,,u). (17)

Compare this with the well known actions for electric and scalar charges in

3+1-space:
Wt = %62/ deT'{ xa(T)f () }Af:(z,,u). (18)
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The symmetry would be complete if €2 = 1, i.e. if the fine structure constant
were a = 1/4m. This "ideal” value of fine structure constant for the charges
would correspond to the ideal, geometrical boundary condition on the mirror.

The appearance in action the causal function AZ; (z, i) has a lucid physical
grounds.

1. The action must represent not only the radiation of real quanta but
also the self-energy and polarization effects. While the first effects are de-
scribed by the solutions of homogeneous wave equation the second ones re-
quire the inhomogeneous wave equation solutions which contain informa-
tion about proper field of a source. Namely such solutions of homogeneous
and inhomogeneous wave equations are the functions (1/2)A! = Im A/ and
A =ReA/.

2. While the appearance of Im A/ in the imaginary part of the action
(16) is a consequence of mathematical transformation of the integral NZ¥
(similar to the Plancherel theorem), the function A = ReA’ in the real
part of the action is unique if it appears as the real part of the analytical
continuation of the function i Im A/ (z, 1) to negative 22 that is even in z as
Im A/ itself.

Both the propagator Ag (z,m) of a virtual pair with mass m = p = 2v/ww'’
in two-dimensional space-time and the mass spectrum of these pairs arise
owing to the transition from the variables w, w’ to the hyperbolic variables
p, 0, which reflect the Lorentz symmetry of the problem. Further integration
over the mass leads to the propagator Ajf(z, u) of a particle moving in four-
dimensional space-time with the mass u equal to the least mass of virtual
pairs. Thus, the relation (15) is immanent to the Lorentz symmetry and
the symmetry, connecting the processes in two- and four-dimensional space-
times.

We exemplify here the selfaction changes AW of electric and scalar
charges due to accelerated motion along the quasihyperbolic trajectory

2 [ 32 (9
x(t) :f)—t)— 1 %‘i‘ﬁ,ﬂlg:ﬂ:thi,
0

=B
P2 = 1505 tho. (19)

with initial 8; and final (5 velocities at ¢ = Foo and proper acceleration
—wp at t = 0. The selfaction changes AW (0, \) are the Lorentz invariant



functions of two variables § = Arth 815 and A = p?/w? with singularities at
A=0and § = +o0.
At A — 0, @ arbitrary,

e? 0
AWr = gty — U
0 4(ch @+ 1)*
—|—Z[(® — 1) lIl m + 2 — 1112 — CheR<0)]}7 (20)
e? 0
AWo = g5in(l = 55)
. 0 4(ch @+ 1)*
1— 1 —2+1n2 0 21
Tl - G e 2T R2TRON, @)

where R(0) is even function of  connected with the Euler’s dilogarithm Lo(2)
[10],

h(9) = chf+cha sh 0

* In(ch@+cha) Ly(l—e2)+6?—-1n2-0
: (22)
0

For the case § — +o00o, \ arbitrary, considered in [11,12],

2

(&
AWLO - —| 6|@ 51,0()\),

S,(\) = (—=1)"*! /000 dz e_i)‘/2z[eiz K,(iz) — \/%], (23)

K, (iz) is the Mcdonald function. At A — 0

. 4 .
Sl()\) = -7 — Z(ln % — 1), SQ()\) = —1. (24)
For the trajectory with relative velocity 32 of the ends the Re AW, o are
given by the formulae

87 thd ’ 8 sh 6
When 15 — 1 the trajectory becomes actually hyperbolic one with charge’s
velocity (1) = —thwgt at proper time 7, and 6 = wy(m2 — 71) — 00. Then
Re AT, = C00 (m—1), ReAW, = < (26)
8T 8T
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while the mass shifts of uniformly accelerated charges are

OAW 2wy e?wy
Am = — 9 8 S(A), ReAm; =— S
Re Amg = 0. (27)

Due to the symmetry the quantities AWB¥  AmPB¥ for the mirror inter-
acting with massless bose- or fermi-field can be obtained from AW; 5, Am;
by the change e? — he.

4 Arguments in favour of the value oy = 1/4n
for the bare fine structure constant

The symmetry predicts one and the same value ey = Ve for electric and
scalar charges in 3-+1-space. Since the radiative corrections are not taken
into account by the theory, this value for electric and scalar charges and
the corresponding value oy = 1/4x for the fine structure constant should be
considered as the bare, nonrenormalized values.

As the like electric charges are repulsed and the scalar ones are attracted,
the vacuum polarization leads to the screening of electric charge and to the
antiscreening of scalar charge. This is confirmed by the effective, renormal-
ized value o = 1/137.036 of the fine structure constant in QED, which is
essentually less than oy = 1/47. The situation discussed corresponds to the
variant (b), considered by Gell-Mann and Low [13], according to which if the
value « is finite, then

1) it does not depend on effective value of fine structure constant «,

2) the a must be less than oy, and

3) the charge density at very small distances reduces to the delta-function
60(5 (X)

This means that « is determined by a such vacuum polarization mecha-
nism with such mass spectrum of charged particles that the screening of a
point bare charge begins at finite, though very small, distances from it and
ends at the distances of the order of Compton length of electron, the charge
with the smallest mass.

If now one uses the well-known connection [14,15] between the bare and
renormalized charges in QED,

N A?

-1 -1 _
a=aqap + 3 In 5= 137.036, (28)
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then it is possible to evaluate the approximate number N of different charged
particles screening the bare charge and having masses in interval (m,A),
where A is the upper limit of particle energy up to which QED is correct.

Thus, for A = 1/+/G = 1.22- 10" GeV defined by gravitational constant
one has Ng = 11.4, and for Agy ~ 10 GeV of grand unification theory one
has Ngy = 13.9. It is well known now that the NV is greater than 8,

N=mn+3(2/3)*n, +3(1/3)°ng+...=8+...,

where ny, n,, ng are the numbers of charged leptons, quarks with charge
(2/3)e, quarks with charge —(1/3)e, and ... must include the contributions
of the loops with W¥ particles etc.

An additional argument in favour of the assertion that the symmetry for
the processes in 3+1-space appears in all its completeness at large energies
and momentum transfers of incident particles is the space one-dimensionality
of these processes.

So, for the collision of electron with electron or positron the elastic scat-
tering cross-section depends on two invariants s and ¢, which in the center
of mass system equal to

s=—4F* t=2p*(1 — cosf),

where £ = y/p?2+m?2, p and 0 are the energy, momentum and scattering
angle of electron in c.m.s. At fixed energy E the smallest distance between
the charges is attained at the largest momentum transfer, i.e. at § = m, when
charges move along the same straight line. Namely in this case each of them
most deeply penetrates under the screening coat of other.

About 45 years ago E.P. Wigner remarked that the special relativity is
the physics of Lorentz transformation, and the quantum mechanics is the
physics of Fourier transformation. Processes induced by a point mirror in
141-space are described by the symplest relativistic quantum theory, which
is incarnated in Bogoliubov coefficients. They are Lorentz-invariant scalar
products reduced to Fourier transforms of massless scalar and spinor wave
equation solutions. They can be considered as concentrate of genetic infor-
mation about processes in 3+1- space.

5 Self-action changes AW and traces tra?!

The basis for the symmetry between the processes induced by the mirror
in two-dimensional and by the charge in four-dimensional space-time is the
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relation (10), (11) between the Bogoliubov’s coefficients 35" and the current
density j*(k) or charge density p(k) depending on the timelike momentum
k. The squares of these quantities represent the spectra of real pairs and
particles radiated by accelerated mirror and charge.

The symmetry is extended to the selfactions of the mirror and the charge
and to the corresponding vacuum-vacuum amplitudes, cf. (17) and (18).
In essence, it is embodied in the integral relation (15) between propagators
of a massive pair in two-dimensional space and of a single particle in four-
dimensional space.

The formula (17) for W5 was obtained provided that the mean number
NBF of pairs created is small and the interference of two or more pairs is
negligible. In the general case the W5 is given by the formula (12), which
can be written also in the form

2Im WEE = £tr In(aTa)? 7, (29)

since ata F 73 =1, see [7], [4]. As is seen from (12), the imaginery part
of the action differs from zero and then is positive only if § # 0, i.e. if the
radiation of real particles is happened indeed.

Formula (29) allows to choose for W5 the expression

WHE = +itr In oPF, (30)

that was called natural by DeWitt [7]. However, this expression is by no
means unique, the expressions with ae® or a™ have the same imaginery part.
Nevertheless, the formula (30) is interesting as the definition both the real
and imaginery parts of the selfactions W5¥ by means of the Bogoliubov’s
coefficients a" only, which, according to the formulae (10), (11), reduce
to the current density j*(q) or to the charge density p(q) dependent on the
spacelike momentum ¢*. This means that the field of the corresponding
perturbations propagates in vacuum together with the mirror, comoves it,
and, at the same time, it containes the information about the radiation of
the real quanta.

Unfortunately, the author failed to find a simple integral representation
for the matrix In . Nevertheless, if one again assumes that the mean number
of emitted particles is small, then one may consider «, or icr, or +ia® ¥ close
to 1. Namely the last phase factor is most acceptable as will be seen below.
Then, expanding the In (&ia?¥") near +ia®f = 1 and confine ourselves by
the first term we obtain

WBF = +itr In (£ia®") = +itr (£ia?" — 1) = —tra®F +... . (31)
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These qualitative arguments allow to state that the functionals tr a®¥ are

similar to the corresponding selfactions with opposite sign and therefore must
have the negative imaginery parts. This is confirmed by the general examples
considered below in which at least the initial or the final velocity of the mirror
is subluminal.

The Lorentz-invariant tr o was defined [16] by the formula

/7dwdw aww27r5<\/7w—\/7 )
- \/%w, Q = \/gw’, (32)

in which the Lorentz-invariant argument of d-function is the difference of the
frequences 2 and € of reflected and incident waves in the proper system of
the mirror at zero point u = v = 0 where the mirror has velocity (3, and
acceleration ag = —bv/ses/. The multipliers /3¢ /s, \/3/ 3 are the Doppler
factors connecting the frequences in the laboratory system and zero point
proper system. In proper system of the mirror 2 = Q' = vww'.

For the trajectories in the Minkowsky plane on the left from their tangent
line X*(7’) at zero point the coordinate z! = X'(7") — z!(7) > 0. For these
trajectories the tr a can be transformed to the form

tra® drdr { Tl >Xa() NN
S0t

(7)7 (33)

where the singular function AfR(z, v) differs from the causal function Af(z, y)
by complex conjugation and the replacement ;1 — iv (or by the replacement
22— =22 p—v) [16]:

A (zw) = 1-0() — L0 P (/32)

v
+i———0(—22) K (vV—22). (34

471'2\/——22 ( ) 1( ) ( )

The expression obtained allows to interpret tra as a functional de-
scribing the interaction of two vector or scalar sources by means of exchange
by vector or scalar quanta with spacelike momenta. At the same time one

87?\/_

B,F
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of the sources moves along the mirror’s trajectory while another one moves
along the tangent line to it at zero point. The last source can be consid-
ered as a probe or detector of exitation created by the accelerated mirror in
vacuum.

As the detector moves with constant velocity o, its 2-velocity X(7')
does not depend on 7. Consequently, @, (7)X*(7") = —7.(7) is the rela-
tive Lorentz-factor defined by the relative velocity (.(7) of the mirror and
detector:

v(r) = 1 — B(7) Bo _ 1
VI-B0) V1= J1-51)

and is the Lorentz-invariant quantity for each 7. Then

traBf = — / dT{ (1) } J(r ), (36)

J(r,v) = /dT' AME(z(1,7),v). (37)

It is seen from this representation that at 6 # oo, when Lorentz- factor 7.(7)
is confined on the whole trajectory, the both traces have the same qualitative
behaviour when parameter v — 0. It is clear that their infrared (logarithmic)
singularities in this parameter are indebted to the behaviour of the integral
J(r,v) at T — foo. For the trajectories with subluminal relative velocities
Bio, Bao of the ends both tr o have infrared singularities at v = 0. Bedides,
the singularities of tr o? differ from those of tr o only by the values of the
relative Lorentz-factor 7, (7) for initial and final ends of the trajectoty, i.e.

by the factors 1/4/1 — 3, and 1/4/1 — 33,. Since the infrared singularities

from the initial and final ends appear in tr of" with the factors

V 11— 6%0 V 1— ﬁ220 (38)

2010 2|Ga0|
they disappear in tr af” for the trajectories with luminal velocities of the ends,
Bio = 1, Bag = —1, but remain in tr «®. The disappearance of singularities in

traf for the such trajectories means that the function J(7, v) is integrable
in 7 at 7 — oo even if ¥ = 0. At the same time the function v.(7) J(7,v)
is integrable in this region only at v # 0.
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The weakening of interaction of scalar charges with increasing their rel-
ative velocity, contrary to the constancy of interaction of electric charges,
is connected with different geometrical structure of scalar and vector field
sources p(x) and j%(x). They are given by (4) for pointlike charges moving
along the trajectory x%(7).

The charges of the scalar and vector field sources are defined by the space
integrals of their charge densities p(x,t) and j%(x, t):

Qo, Q1 = /d?’x {p(x,1), 7%(x,t)} = e/dT{l, 22(7)} 5(t — 2°(7))
=e{77'(1), 1}, (39)

since dr/dt' = v~1(t') if ' = 2°(7). As is obvious, the charge for the source
T*%(z) of a tensor field with spin 2 increases as the particle’s energy, Q, =
ey(t).

The removal of ultraviolet divergences in the selfactions WLO\F of accel-
erated charges (force F' # 0) consists in the subtraction of corresponding
selfactions Wi o|"=% of uniformly moving charges as a result of which the
changes AW, g = Wi|f of selfactions owing to acceleration do not contain
ultraviolet singularities, have the positive imaginery part, Im AW, o > 0, and
vanish together with acceleration.

The following representations for the selfactions of uniformly moving elec-
tric and scalar charges are very instructive

Wiol™= = 3¢ [ drar'taain(). 1) (e wl=

e 1—14

ir 22

They arise if one introduces the integration variable x = 7" — 7 instead of 77,
so that 22 = —22, puts u = 0, and makes use of representation

=F 7. (40)

1 i 1 € o2

S S i
A2 g2 —g4e  Am?ixpt 42 xt 4 &2

AZ('ZMMMHZO == )

The opposite signs of the selfactions are due to repulsion of like electric
charges and to attraction of scalar ones. The coefficients before 7 are the
classical proper energies —dm; of the charges taken with minus sign, and
V/2¢e characterizes the charge dimension. Different signs of Im W o|*=° lead,

14



according to amplitudes exp(iW; o|F"=Y), to disappearance (screaning) of elec-
tric charge and to unlimited growing (antiscreaning) of scalar charge.
As is seen from regularized representation

1 [~ o .
oty = oo [l e O e - [

1bs

5=, (41)

obtained in [16], the ultraviolet divergences in tr o are removed by sub-

traction from the integrand of the first term its asymptotical expansion in
s, as s — 00. The invariant variable s = w/» = \Jww'/x3x = bp/2wy is
proportional to momentum transfer p in units of proper acceleration w, of
the mirror at the point of its tangency with detector. The subtracted term,
being integrated over p up to large but finite p,,4z,

1 [omes T 1 [Tpmax )
— ds /= = =4/ 1 - 42
2 J, Nibs ~ 2n Wy (1=1), (42)

is one and the same for Bose and Fermi cases and explicitly depends on
acceleration.

When the space interval Az between the mirror and detector becomes
less than i/2Ap, the uncontrolled momentum transfer between them becomes
greater than Ap and leads to ultraviolet divergency in nonregularized tr %"
As the mirror coordinate near the point of tangency with detector changes in
time according to the law z(t) = —w t?/2, the time interval 7 necessary for
the momentum transfer Ap is of the order of 7 ~ 2+/h/Apwy = 2/\/Wopmaz
if one sets Ap = hppnae. Then the subtracted term which regularizes the
tr o® acquires the form

1 [7pmax
2 Wo

(=0 = Ve 0= i) 7, 7~ 2o (43)

As distinct from (39), this term has one and the same sign for Bose and
Fermi cases. This can be understood as a consequence of positive momentum
transfer from detector to mirror in both cases. The differences in meanings
of pmaz ~ 1/v/2¢ and 7 are more understandable.

Unlike AW, g, describing the change of selfaction of a charges due to accel-
eration, the functionals tr o®f" describe the interaction of accelerated mirror
with the probe executing uniform motion along the tangent to the mirror’s
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trajectory at the point where mirror has acceleration wy. This interaction is
transmitted by the vector or scalar perturbations created by the mirror in
the vacuum of Bose- or Fermi-field and carring the spacelike momentum of
the order of wy. According to (34), at distances of the order of wy' from
the mirror, the field of these perturbations decreases exponentially in time-
like directions and oscillates with damped amplitude in spacelike directions.
It can be said that such a field moves together with the mirror and is its
"proper field”. Hence, the probe interacts with the mirror for a time of the
order of wy* while the charge all the time interacts with itself and feels the
change of interaction over the all time of acceleration. Therefore, it is not
surprising that the —tr o coincide in essence with AW, if in these latter
one puts 7, — 71 = 2m/wp, €* = 1. In other words, the tr a7 are the mass
shifts of the mirror’s proper field multiplied by characteristic proper time of
their formation.

The tra for the trajectory with subluminal velocities of the ends is an
invariant function of the relative velocities (12, (10, P20 connected by the
relation 12 = (810 — B20)/(1 — B1of20). Let us consider the regularized
tr o®F for two important trajectories.

1. Quasihyperbolic trajectory, given by the formula (19), is time-reversed
to itself.

of = 2iashf wg’ Ki(a\/Q), —mash \/ Q_J—g Hf)(a\/ —-Q), (44)

for Q = w?+w?—2ww' chf = 0. Here a = Big\/1 — B3 /wo, Bio = thO/2; as
usual, § = Arth (15 is the Lorentz-invariant parameter defined by the relative
velocity of the ends.

Z'w+wl o0 0
of, =ae ﬁ%/ dt\/sh2t+ch2§ X

x explia((w — w)chg sht — (W' + w)shg cht)]. (45)

thd/2 2
traf = ¢ 27/ [—g —ifln— = 1)), e = v/, (46)
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frac = 27 {sh9/2 [ 2 Z(ln% — )
N In ch6/2
w/2 2
B(k) = cos odp
0 1 — kZsin? 2

Here B(k) is one of the elliptic integrals [10].
2. The Airy’s semiparabola with in-tangent line to inflection point is
given by

seu™(v) = (1 — b*/c) 5'v — b*/3c%, —00 < v < v,
= v+ b0 + (1/3) c 570, vy < v < 00,
where the inflection point vy = —b/s/c, b > 0, and ¢ > b* due to the

timelikeness of the trajectory.

aflw - L/gf(Cl’)_1/367'(b/c)(x_xl)_l(2/3)w3/2 <
P
1
x [ Ai(z) — i Gi(2) — )], (48)
z
~1/3 ' . ,
ogf,w — L 6Z(b/c)(m—;l; )_2(2/3)1”5/2 y
wid (o + 1)

[i + —/ dtVE + aw e =T (49)

z

Here Ai(z) and Gi(z) are well known Airy and Scorer functions defined as in
[17], and

2= (cx) P —a) —w, w=(b/c)(cx)?,
r=w/x, o =4/, a=c/b®—1, (50)

Parameter o = (1 — 319) /2010 is defined by the initial relative velocity (19 of
the mirror and detector, G = —1.

3(a+1)? 1

1
tra® = —(a—i—l){—g—i[ln —1-3 2},

27 ye
g = I//wo, (51)
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tra” :—{\/ (a+1)(-2 —iln ((”81)) ivatiJ@)},  (52)

a—2 a+ ala+1)
3va+1 1+va+1

Ja) =1+ Va+

vad+a)—a
n :
3 4424+ «

Note, that af/f depend on two dimensionless parameters b, ¢, but the traces
tr o depend only on their combination «, i.e. only on the subluminal
relative velocity 1.

Airy semiparabola with out-tangent line is time-reversed to the considered
trajectory and can be obtained from it by the changes v <:> —u, x = .
This leads to the change = 2’ in the expressions for o 7. The tra®F do
not change at all, but it must be understood that the parameter « is now
defined by the final (and negative) relative velocity (99 of the mirror and
detector: a = —(1 4 (32)/2020 > 0, while 319 = 1.

The infrared logarithmic singularities of tr a®*¥" were regularized by nonzero
momentum transfer v < wy. Their coefficients are in accordance with gen-
eral consideration of Section 5. These singularities disappear from traf at
luminal velocities of the ends, and tr o’ becomes pure imaginery positive.

We do not consider here the coefficients ﬂB #* They can be obtained from
o i by the changes w — —w, y/w — —iy/w, and division on i in Bose-case,
see (2).

The symmetry between processes induced by the mirror in two-dimensional
and by the charge in four-dimensional space-times predicts not only the value
ez = 1 for the bare charge squared that corresponds to the bare fine structure
constant oy = 1/4m. It predicts also the appearance of scalar particles in
ultra high-energy collisions in 3+1-space and the decreasing their interaction
with scalar source with increasing of the energy.

It is very interesting that the bare fine structure constant has the purely
geometrical origin, and, also, that its value is small: oy = 1/47 < 1. The
smallness of ag has the essential meaning for the quantum elecrodynamics
where it explanes the smallness of a and justifies a priori the applicability of
the perturbation theory.

The work was carried out with financial support of Scientific Schools
and Russian Fund for Fundamental Research (Grants 1578.2003.2 and 02-
02-16944).
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