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Gravitation and Particle Physics

e Ratio of electrostatic and gravitational forces for two electrons

Fel __ €* /km? __ 42 . e _ 21
]—"_g:~_§,2/R2 = 4.2.10%; < =2.05- 10

where e = 4.8 - 10 ' CGSE, m = 9.11 - 10 *®* g, k =6.67-10 *cm® g ! ¢ 2

e The gravitation field does not play any role in the elementary particle structure!

Nevertheless this statement could be wrong.
e Infinite electromagnetic mass of the electron

Mem = 5 [ £dV = % [ o 4r R%dR,

2
Moy G = f;: 62]%% = e*/(2ry) = mc?

where r.; = 1.4- 10713 cm is the classical electron radius.

e Gravitational interaction in Newtonian physics
AlJ.. — _kdmydmy _ etk dVidvs <0
gr Rq9 (87)2ctR19 Ril R% .
Uyr/Eem ~ —75/R2,  where r2 = ke?/c*, r. = 1.4-107%* cm.
Gravitation can play important role in classic physics at r ~ r..
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Reissner-Nordstrom solution

. Electromagnetic and gravitational field equations
Pl = f = {\/ F“f} = 0 where g = det|g;x].

R}L{ (YLR 87rsz Tz _ _{_leFkl 1 5@ EmFlm}
. Reissner—Nordstrom solution

Spherical coordinates: 2" = ct, 2! =

0 _ 7l _ 2 _ 3 e J _
Liempo =L >1 = ~Liemy2 = _T<em>3 B O
goo=1/g"=A=1—211 kfz =124 (7"@2) :

Tg:%m—135 10~"°crm, RPZ—16 10-%
2=k, =1.38-10"%cm, 7, > 7,

e
—1

2
g =gu=1/g" = ~1/A= - |1 - % k)

oo = g22 = 1/9% = —1%, gpp = g3z = 1/g% = —r?sin’0.
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Uniform coordinates

. Relation between radii 7 and p (r >0, p > ppin)

r = pD(p),

"g g — | "“9_2 r
D(p) — ]- I 2,0 4,02 — 1 I 4,0_ 4,027
./\/'(p):g;—l >O ro =re—r;/4.

. Uniform coordinates p = 2, p' = p., p* = p,, p° = p-
pz = psinbfcosp, p,=psinfsiny, p, = pcosd.
o Spacetime interval for Reissner Nordstrom (RN) solution

ds® = gidp'dp” g =5, g, = D> j =1y, =

= 25(dp")? — D*(dp2 + dp? + dp?).
D(p) =0, p= pmin="¢/2 —1,/4.
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Tetrad representation for gravitational field

o« Definition of tetrads and their properties
Basis of four unit mutually orthogonal four-vectors h( )
defined in every point of spacetime;

a=20,1, 2, 3is the vector number,
1 =0, 1, 2, 3 denotes its contravariant spacetlme component:

Wy = hiay h(a) = N(a)a; h<a,> = hayys Wy = Pia)=-
i = gichiy: Ry = 9" Rk ity = Mo
h(@)! = n* hz(b)v %a) — nabh( )i

n? = n,, = diag(1, -1, —1, —1).

« Main properties

h(“)ih/(ca) — Yik, réa)h(a)]'C — gik
g = det|gy| = —|h‘27 h| = det[h(a)i]-
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Tetrad representation for gravitational field

o letrads for Reissner-Nordstrom solution

Nonzero components of tetrad four-vectors h,
howo =2, hipy, = higy, =
(0)0 = D> (1) (2)y

hy, =D,

by =X pi) =pP =P = —D.

D
goo — h(a)oh(()a) — h(O)Oh(()O)

= h(oyoh(0)0 =

_ (a) _ (1) _
Jez = h@ha” = hayeha” = —hnyehoe

a 2
= hayhy” = hyhy =
933 = h(a)gh:(;a) = h3 )Sh(g) —

—h2),h2)y

gir = 0if i # k, |h| = det[h)] = N D>
« RN tetrads obey Euler- Lagrange equation
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Action for gravitational and electromagnetic fields

« Lagrangian density for gravitation field

Einstein's theory: L, R\Q/__g K = Stk

Since R = —/@T(“‘; s = O the Hilbert- Emstem action

Sy =1 [ L,d*x = 0 if there are gravitational and

electromagnetic fields only.
« Lagrangian density of electromagnetic field

Electromagnetic field action

=1 [ Lepd's = —= [ FypF'*\/=gd'z.
For Reissner-Nordstrom solution,
Sem = &= [ E*dVdt =
The total action Syt = S, + Sern 1S meaningless
for RN solution in Einstein’ s theory.

For RN solution £ = \/;ig e —TnIs] =0 also.

S.Manaenkov, High Energy Physics Division Seminar, Gatchina, April 10, 2018



Action for gravitational and electromagnetic fields

. Lagrangian density £, in tetrad representation
, _ _ |k (@) koo (a)l
Moller's formula: £, = b (hf, h ", =t b)),
. lotal Lagranglan density Lir = L, + Ly, for RN solution
Lot = p4, ro =ri—r./4, T = ki, re = 272—2m, K= 82—4]“.

o« Total Lagrangian and action for RN solution
2

Liot = fp>pm Etotdg = 40 y  Pmin — Te/2 — Tg/4-

RPman

Ligt = <=+ mc*, Sy = (f T mCQ)t

Total Lagrangian and action are finite for RN solution in
tetrad representation in spite of singularities of electro-
magnetic and gravitational fields at p = p,,, (7 = 0).
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Equivalence principle for Reissner-Nordstrom solution

« Asymptotic behaviour of gy at p — oo (r — )
goo ~ 1+ 2% = 1 2o

(32,0 y

where ¢(p) is Newtonian potential.
2

For RN solution gop = %7 ~ 1 — % =1 — 2y = m,,.
« Total energy-momentum pseudo-tensor and superpotential
p_ OU. R 1 043, __1 OA
T4 =2 P= L[ T =1 [ U, Phydo

U, = BBt B 4 (SERT = StR@F ) h ) L

: (a);s

For Reissner-Nordstrom solution U, = —Q(Z;\)) N(Qg;;(p).

Superpotential U, is infinite at p = p,,in since D(p) = 0,
therefore expression for energy becomes meaningless.
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Equivalence principle for Reissner-Nordstrom solution

. Superpotential W, *(p)
w. kl — h|"U. Kl for n > 1. The case n = 1 is used.

For RN solution, W, " = —2(Z)\*D'D, W, =0,

Since |h|(p) = N'D? = 0 when p = pin,
then W, "(p) — 0 at p — Pimin.

[/

If |h|(p) — |h|ec Wwhen p — o0, therefore
W; OA( ) = |hlU; (p)

. 1f2 OAk do — |hloo \ llmR—)OO{fQRU OA(PpA)dJ}
P, = P;|h|~. For RN solution |h|s =1, P = med?,

hence mjpere = m = my, (equivalence principle).
o It Is possible to use the definition of the energy-momen-

tum vector which does not loose its meaning for solutions
with singular electromagnetic and gravitational fields.
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Conclusions

o Classical electron is a system of electromagnetic and
gravitational fields localized in a space region of a range
r. ~ 1073% cm. It is described with the Reissner-
Nordstrom (RN) solution in the tetrad representation with
parameters e and m equal to the experimental electron
electrical charge and mass, respectively.

« The total Lagrangian density of this system and action are
finite for the tetrad representation.

o« The superpotential can be defined in such a way that it
provides the finite total inert mass for the RN solution.

o The equivalence principle for the classical electron under

discussion is fulfilled.

« T'here is no need in additional point-like particles having
the charge e and any bare mass.

. Charge conjugation (e = —e, m — m, E — —E,
gi; — gij) of the solution for the electron gives the

solution for the positron.
It has the same positive mass as the electron.
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