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Gravitation and Particle Physics
e Ratio of electrostatic and gravitational forces for two electrons
Fel __ €2 kmg _ e _ 4.2 1042. e — 205 1021
Fgr o RZ R2 o kmg o ) ’ \/Eme o )
where e = 4.8 .10 '* esu, me = 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

o2

Mem = % [ 2dV = 4 [ £ 4xR%dR,

2 _ [0 e2dR _ 2 _ 2
My, C- = frd/Q Spy = € [T = MeC”,

where r.; = 2.8 - 1013 cm is the classical electron radius.
e Gravitational interaction in Newtonian physics
AlJ.. — _kdmydmy _ etk dVidVs <0
gr R19 (87T)264R12 Ril R% )
Ugr/gem ~ —T?/Rg, where rg = ke2/c4, re=1.4-10"3* cm.
Gravitation can play important role in classic physics at r ~ r..
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Reissner-Nordstrom (Reissner, Weyl, Nordstrom, Jeffery) Solution

. Gravitational field equations
R”]Lg (YLR 87rsz Tz _ { F@lel i 15@ PvlmFlm}

o Reissner-Nordstrom (RN) solutlon

Spherical coordinates: (2", z!, 2%, %) = (ct, 7,0, )

FP=-F'"=Fy=—-Fy=E, =35,

Tiemo = Tt = T2 = T8 = s, T =0
go=1/g"=A=1-2n 4l =1y Lo

Fg = 2]2—2m = 1.35-10°cm, Rp; = \/E —16-1033cm
re = kc_(f’ = 1.38 - 10 *cm, 7. > ry, Rp; > re.
oz =i

oo = g2 = 1/g% = —1%, gpp = g33 = 1/g% = —r?sin’0.

ds? = A(dx®)? — dr?/A — r?[d6? + sin” Od?]
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Uniform Coordinates

. Relation between radii » and p (r > 0, p > pmin)

r = pD(p), -
2

D()—l'rg T(%—_llrg Te
P) = " 2p 4p2 — ' 4p 4p?

7"2 _
N(p) =3 =1+15>0, rg=ri-r}/4

. Uniform coordinates (p", p', p*, p°) = (¢ct, ps, py» P-)

pz = psinbfcosyp, p,=psinfsiny, p, = pcosd.
. Spacetime interval for Reissner-Nordstrom (RN) solution
2

dS — gzkdpzdp goo = Dm Gup = —DQM—f Y, 2
D(p) = 0, p:pmm:re/Q—rg/ZL
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Tetrad Representation for Gravitational Field

o Definition of tetrads
Basis of four unit mutually orthogonal four-vectors h'éa)

defined in every point of spacetime;

a=0, 1, 2, 3 is the counting number of the vector A,

1 =0, 1, 2, 3 denotes the spacetime component of the vector h%a):
O-ct,1-x,2-vy,3-2z

My = githiyys Play = 9" haks Piayihiyy = Mab-

h(@) = nabh%b)v h%a) = Naph )",
nab — Tlab = dlag(17 _17 _17 _1)

« Main properties of tetrads

h(a)ih;(f) = Gik; hﬁa)h(a)k =g
g = det[gik] — —|h‘2, ‘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,) ; are:
by =25, han = hep = hgs =D,

0 D I 2 _ 3 __
Aoy = w0 By = hig) = gy = /D

a 2
gik — h( )h](g )1 goo — %LQ; 9oz = Gyy — Y2z — _D27
gir =0if i # k, |h| = det[hy] = ND?.

« RN tetrads obey Euler-Lagrange equation

(¢)
OLiot _ O {5ﬁtot} (c) __ Ohy
—~tol — where h,, = ==£-.
O A PO P.a = Ppa
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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
=L [ Lepd's = —= [ FypF'*\/=gd'z.
For Reissner-Nordstrom solution,
Lewm =& [E*dV =00, Sep = [ Lepdt =
The total action Sy = S, + Ser, Is meaningless
for RN solution in Einstein's theory.
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Action for Gravitational and Electromagnetic Fields

. Lagrangian density £, in tetrad representation
Mgller's formula: L, W (hl(‘“ . h(a’)ik — h]ga)°kh(a)il)'

. lotal Lagranglan density Lir = L, + Ly, for RN solution
k 2k k
['tOt_ ,047 T(%—T _T2/4 T2 i? ngc—;n) /{:86L4°

o« Total Lagrangian and action for RN solution
2

I—tot:fp>p Etotdg = 40 ; sz‘nzre/Q—Tg/‘l-

RKPman

Ly = ’\’; -+ m02 Siot ('f'} — ch)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,;, > 0 (r = 0).
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Superpotential and Total Energy-Momentum Pseudo-Tensor

« Total energy-momentum pseudo-tensor and superpotential

() (9pl )

P, = %fv T d%p = %fz U, “ky\do.
U, = B R 4 (S5R@ — sln @R e, L (Moller)
« Superpotential for Reissner-Nordstrom solution

M\ N (p)D’ _
U, = —Q(Zp) (Q(p)(p), where D'(p) = ‘fi—zp)(p)

U= (2)N', N = 2(p).

Superpotential U, is infinite at p = p,,in since D(p) = 0,
hence expression for energy becomes meaningless for
Pmin > 0.
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Classical Electron

« Special case ro =0

D(p)—l—l— N =1, /\/":Cg;/()z().

re =14/2, pmm—(), m = le|/Vk = ma.

For m = m,;, nonzero components of superpotential are
2

Up™ = ==y Where my = pa/p. U/ = 2N =

« Consequence for the energy-momentum pseudo-tensor

70 _ UL O km?2,c? 1 2
07" apr — Am pl(ldre/p)? T Amp2(ptre)?
27 e2dr e 2 9
&= Jy Wanpdp = " G = 5. = Vrazja = mac”
o . 2
e integral is convergent. £ = my,,¢* = /<.

ne stress-tensor 7" is zero identically.
nere is no pressure of any part of electron on others.
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Classical Electron

« Asymptotic behaviour at p — 00 ggo = 1 2’1?5"“.
. 2
For RN solution gy = %42 ~ 1 — 28 therefore m = Mgy

« Equivalence principle
For m = m, the mass m is the total inertial mass m,;,, of
the electromegnetic and gravitation fields.
Since m;, = m = my,, then due to equivalence principle,
there is no need in the contribution of a point-like particle
with a bare mass m; > 0 to the total inertial mass.

The classical electron is the system of the electromagnetic
and gravitational fields having a singularity.

The total mass is my = |e|/Vk = 1.86 - 107¢ g, if the
electric charge is chosen equal to e = —4.8 - 107!V esu.
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Classical Electron

« Lagrangian and lagrangian density
Lot = 2meyc?, Lior = 0. Paradox: L, = f Liord?p.

e Internal geometry
The distance between points with p = p; and p = py is
e = [>D(p)dp = [2dp(1+1c/p) = p2—p1+7eIn {%} .
For p1 — 0 112 — OCQ.
The distance between any point with p > 0 and the
singular point (p = 0) is infinite.

e Surface charge density Since r = p + r,, the
sphere of radius r, corresponds to the point with p = 0.

Surface area is S = 4mr?.

Surface charge density o = -

e __ c
4rr2  Amek’
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Discussion of Results

« Contribution of gravitation to inertial mass
Switch off gravitation: £ =0, r. = @ =0, T, = E
The total inertial mass is infinite
Switch on gravitation: £ > 0, r. > 0.
T = Zip2(p+r B E=[Tyd’p =muc* < .
The total inertial mass is finite and equal to the gravita-
tional mass of the system of the electromagnetic and
gravitational fields only. No contribution of point-charge.
e Classical electron is a black hole
re)2.

rg=2Te, T =p+ 7, goo=A=(1—1¢

Sphere with r = r. is the event horizon (ggy = 0).

The external observer cannot get any information from

0

the region with r < ..
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Discussion of Results

« Quantum effects: they start from Compton wavelength
Mo =h/(mee) = 391008 cm > r,=1.4-10"% cm.
Divergence of self-energy graph in QED is [ dr/r, while

the integral for energy in classical electrodynamics (CE) is

divergent as [ dr/r* at small distances.

The fractional contribution of gravitation to the inertial

mass of the electron in QED can be much less than in CE.
e Spin of electron: system of an electric charge and magne-

tic dipole can have the angular momentum s = A/2.

e | eptons and quarks: It is not excluded that leptons are
localized systems of the electromagnetic, weak-boson, and
gravitational fields, while quarks are systems of the gluon,
electromagnetic, weak-boson, 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. ~ 107%* cm. It is described with the Reissner-Nord-
strom solution in the tetrad representation with parame-
ters e and m related with equation m = y/e?/k where e is
the experimental electrical charge of the electron.

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

« The total inertial mass of the electromagnetic and

gravitational fields is equal to y/e?/k. It is equal to the
gravitational mass of the classical electron.
o There is no need in an additional point-like particle having

the charge e and any bare mass since the equivalence
principle for the classical electron is fulfilled.

o There is no pressure of any part of electron on others.
here i1s no need In non-electromagnetic and non-gravitati-
onal forces preventing the classical electron disintegration.
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Backup Slides

« Scalar curvature in tetrad representa

Maykstm — Payksmit = Paystqms
R = h(a)l(h( Vetsm — o) kml)

tion

R _ Rzkzm — h(a)z(h( Vesism h(a)k;m;i)a

R_R%—M>mm

(a);ism h?;);m;i) —

(ROR Y (h<a>@h7(n> )i — Wi B+ RTR
« Lagrangian density of grawtation field
_ RW W ( a)ipm (a)iz m oW
Since for any four—vector BZ Vv — Bi — a<\/a_g3 ),
O(v—=g(h (a)mhia) ))

then /—g(h! th i)im = "

. 8M7WW%)
/_g(h( ) h(a)’m) 7 — 8377’
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Backup Slides

« Lagrangian density for gravitation field

Therefore W' = L[/—g(h\¥)" f— h(a)mh%a).m)]
— \/__gh(a)zh?;)m
o Arbitrariness of tetrad choice
(a )h( ) (a );L( )
c)

9ik — nabh L 9 gzk — nabh ko9
B = MB G = nap MM bRy,

|t nabMC“Mg = 1)eg, then g = gir.

M is matrix of Lorentz transformations (six parameters).

If tetrad h,§“> obeys Euler-Lagrange equations it is unique.
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