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Introduction. Common 4-dim theories.

Internal symmetries in common 4-dim theories

Slo(x) = Go(z)] =inv,  §=e"*, (1)

g € G — internal symmetry group,

¢(z) € V — internal space (of representation) .
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Introduction. Common 4-dim theories.

Internal symmetries in common 4-dim theories

Slo(x) = Go(z)] =inv,  §=e"*, (1)

g € G — internal symmetry group,

¢(z) € V — internal space (of representation) .

Conserved currents and numbers/charges in common 4-dim theories

oL .
=  Ouj* =0, jH=——to¢,
H d(8,,6)

Q= /jo d3x = const . (2)
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Isometries of extra space

ds® = g (z)dzt dz” + kmn(y)dy™ dy" (3)
Vmén (y) —Vném (y) =0. (4)

V.V.Nikulin (Speaker), S.G.Rubin Cosmological baryon/lepton assymmetry in terms of Kalu



Introduction. Extra spatial symmetries in KK-like theories.
T i -i

Isometries of extra space

ds® = g (z)dztda” + kmn(y)dy™ dy" (3)
Vmén (y) —Vném (y) =0. (4)

Exta spatial symmetries in Kaluza-Klein theories

S[®(z,y —v')] =inv, Y = Ym + Em(y) a, (5)

G = e &md™ ¢ G — isometry group,
O (x,y) = ¢n(x)Yn(y) — extra coordinate decomposition .
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Introduction. Conserved numbers in KK-theories

In terms of higher-dim theory

oL
—  9,J% =0, Jo = —— _¢bg,d — oL, 6
8(8a<1>)£ b P — & (6)

Q= /JO\/E\/Wd?’x d%y = const . (7)
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Introduction. Conserved numbers in KK-theories

In terms of higher-dim theory

oL
e J* =0, Jo = 8, ® — £2L 6
- 8(6?@(1))5 b 3 (6)

Q= /JO\/E\/Wd?’x d%y = const . (7)

In terms of effective 4-dim theory

oL
— 9. =0, o= (%a—;m(t)%qﬁm, (8)

(t)", = / Vi (€900) Yim /R dy

Q= /jo\/Edgx = const . (9)
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Violation of KK-symmetries in early Universe and lepton assymmetry

N4

m Quantum fluctuations lead to the production of particles and antiparticles after the
end of inflation (on a reheating stage).
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Violation of KK-symmetries in early Universe and lepton assymmetry

N4

Quantum fluctuations lead to the production of particles and antiparticles after the
end of inflation (on a reheating stage).

m Symmetry of extra space will lead to the conservation of some internal momentums
(effective numbers/charges) in particle production processes.

m However, if 1/r9 < H, the fluctuations of the metric will distort the extra space, and
consiquently break its symmetry. As a result, some initial accumulation of the
numbers/charges will occur during inflation.

m After the inflation (in low-energetic physics) relaxation of the metric occurs and
symmetry is restored. The corresponding numbers are conserved again.
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Violation of KK-symmetries in early Universe and lepton assymmetry

m Compact 2-dim apple-like manifold have U(1)-symmetry associated with polar
rotational isometry. We can interpret this symmetry as leptonic.
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Violation of KK-symmetries in early Universe and lepton assymmetry

m Compact 2-dim apple-like manifold have U(1)-symmetry associated with polar
rotational isometry. We can interpret this symmetry as leptonic.

m Unlike the one-dimensional compact extra space, a 2-dim manifold has a non-zero
Ricci scalar and can be perturbed. This creates a mechanism for breaking the lepton
number.
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Violation of KK-symmetries in early Universe and lepton assymmetry

m Compact 2-dim apple-like manifold have U(1)-symmetry associated with polar
rotational isometry. We can interpret this symmetry as leptonic.

m Unlike the one-dimensional compact extra space, a 2-dim manifold has a non-zero
Ricci scalar and can be perturbed. This creates a mechanism for breaking the lepton
number.

m Such configurations considered in the framework of warped extra dimensions. It is
developed in different works including ours: arxiv:0706.0676, arxiv:2006.01329,
arxiv:hep-th /0302067, etc.
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Problems of realization of asymmetry accumulation mechanism

m The fermionic field cannot exist in the form of coherent oscillations due to the
Fermi-Dirac statistics. We need to introduce a bosonic (say, scalar) field in which
momentum will accumulate. And a Yukawa coupling.
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Problems of realization of asymmetry accumulation mechanism

m The fermionic field cannot exist in the form of coherent oscillations due to the
Fermi-Dirac statistics. We need to introduce a bosonic (say, scalar) field in which
momentum will accumulate. And a Yukawa coupling.

m Field states ¢,,; with non-zero angular
momentum [ along the coordinate ¢ have a large
mass M ~ n/rg, with n > 0. It is into these
3 states that the angular momentum will
eventually pass.

00— 0
-2 -1 |0+1 +2
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Problems of realization of asymmetry accumulation mechanism

m The fermionic field cannot exist in the form of coherent oscillations due to the
Fermi-Dirac statistics. We need to introduce a bosonic (say, scalar) field in which
momentum will accumulate. And a Yukawa coupling.

m Field states ¢,,; with non-zero angular
momentum [ along the coordinate ¢ have a large
mass M ~ n/rg, with n > 0. It is into these
3 states that the angular momentum will
eventually pass.

7 - o—o—0—o—o m However, to observe low-energy lepton
-2 -1 |0+1+2 asymmetry, we need to have massless
(ground-level n = 0) states with a nonzero
1 —o—0—o0— angular momentum /.
-1 |0 +1
0 —4—> |
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Problems of realization of asymmetry accumulation mechanism

m The fermionic field cannot exist in the form of coherent oscillations due to the
Fermi-Dirac statistics. We need to introduce a bosonic (say, scalar) field in which
momentum will accumulate. And a Yukawa coupling.

m Field states ¢,,; with non-zero angular
momentum [ along the coordinate ¢ have a large
mass M ~ n/rg, with n > 0. It is into these
3 states that the angular momentum will
eventually pass.

2 m However, to observe low-energy lepton
-2 -1 |0+1+2 asymmetry, we need to have massless
(ground-level n = 0) states with a nonzero
1 —o—0—o0— angular momentum /.
-1 |0 +1

m The idea of possible such configurations is used

in work arxiv:0706.0676 for other purposes. It is
0 To > | based on compact extra spaces with an excess of
angle.
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Splitting of the ground fermionic KK-level in spaces with angle excess

V.V.Nikulin (Speaker), S.G.Rubin Cosmological baryon/lepton assymmetry in terms of Kalu


https://arxiv.org/abs/0706.0676

Splitting of the ground fermionic KK-level in spaces with angle excess

Angle profuse extra space

45% = guy (o) dobda® — r(6) (d06° + 1 sin® 0.d?) (10)
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Splitting of the ground fermionic KK-level in spaces with angle excess

Angle profuse extra space

ds? = g () dztdz” — r?(0) (d02 + b2 sin? 6 d<p2) , (10)
Higher-dimentional fermionic action
Sy = /d6X\/]G\iEh§FAVB\II, (11)

where T4 is flat 8 x 8 (in 6-dim) gamma matrices

(w0 (0 -1 (0 i
Fv—(o —’71/), F9—<1 0>’ FCP_(Z 0 ) (12)

and hg is the frame field:
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Splitting of the ground fermionic KK-level in spaces with angle excess

Angle profuse extra space

ds? = g () dztdz” — r?(0) (d02 + b2 sin? 6 d<p2) , (10)
Higher-dimentional fermionic action
Sy = /d6X\/]G\iEh§FAVB\II, (11)

where T4 is flat 8 x 8 (in 6-dim) gamma matrices

_ Yo 0 - 0o -1 . 0 ¢
'y = ( 0 —u > , Lo= ( 1 0 > ) FSO - ( i 0 ) (12)
and hg is the frame field:

AB _ 1 A1 B, _AB
g°7 =hZhZn"". (13)

m You can find a detailed derivation of fermion splitting
in the paper arxiv: 0706.0676.
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Splitting of the ground KK-level of fermions in spaces with angle excess

Kaluza-Klein decomposition

: + 25
)= Sroono-To (E00 ).

nl

where the Yrj; and Y , is the eigenfunctions are computed from Dirac equation:

ihBIAV pU = h5 DAV, U + ihR TV, U =0. (15)
—_—

mass operator

Limitation on the number [ comes from the normalization condition:

/|Ynl|2\/mcz2y < 400 = l=—[b/2],...,0,.,+|b/2] €Z. (16)
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Splitting of the ground KK-level of fermions in spaces with angle excess

zl Yn+(9)¢nl(x)
v (=)= 2GR =D e (e ) &

where the YJ and Y , is the eigenfunctions are computed from Dirac equation:

ihBIAV pU = h5 DAV, U + ihR TV, U =0. (15)
—_———

mass operator

Limitation on the number [ comes from the normalization condition:

/|Ynl|2\/mcz2y < 400 = l=—[b/2],...,0,..,+|b/2] €Z. (16)

Low-energy (n=0) effective 4-dim action

_ +1 . _
s= [ EXVIGOETAVEY ~ [VEgdte Y (0w + & o.a) . (7)

I=—1
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Fermion splitting in extra space with angle profuse

Correspondence of currents

J\If = ma(p@ = ’L‘I’hAF 8¢‘I/ —
. oL . — .
i = 2 iy = Py lhyr, = /Yl B, YV d?y = ildy (18)
8(8M¢l) l
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Fermion splitting in extra space with angle profuse

Correspondence of currents

0Ly

8(8M¢l)

iy = e =i 1, = [0 YRy =it (19
l

U(1)-number

Take the angle profuse parameter b = 4 for example.
Then we have triplet splitting: [ = —1,0, +1.

Qv = [BVIGIdady = [ i5/gld% =

= /i(wllzm_l — ¢T_1¢_1)d33c = Ny, — Ny_, = const. (19)
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Momentum (lepton number) transfer from a scalar field to fermions

Scalar field action and interaction

The Lagrangian of the scalar field and its interaction with the fermion field can be
chosen as simple as possible:

[d%y
AN

1 .

So + Sint = /d% G] [§8M<I>6M<I> 4 f@\ll\lf] (20)
d2 ! 91l —

Jdy, g /d4x\/|g| [cb”” Wit 1y + ] , (21)
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Momentum (lepton number) transfer from a scalar field to fermions

Scalar field action and interaction

The Lagrangian of the scalar field and its interaction with the fermion field can be
chosen as simple as possible:

1 = d?
S5 + Sinp = /d% G| léaMcpe)Mcp +f<I>\Il\If] J4%, (20)
d? ’ -

f—y> Sint = /d495v |g| |:q)nn " wnld)n'l/ + ] ) (21)

o

$0001
% — — —
Y1
Internal momentum (leptonic number) conservation

Q= /JO\/|G| d*zd’y = Qu + Qs = Ny, , — Ny_, + Qo = const. (22)
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Conclusion

m From the Kalula-Klein viewpoint, internal symmetries are effective and are associated
with the geometric symmetry of the compact extra space in the higher-dimensional
space-time. This also applies to the U(1)-lepton symmetry.
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with the geometric symmetry of the compact extra space in the higher-dimensional
space-time. This also applies to the U(1)-lepton symmetry.

m At high energies in the early Universe (H > 1/rg), extra space symmetry can be
broken by metric fluctuations. Violation of the symmetry leads to the establishment
of non-zero initial values of symmetry-associated charges (numbers). In the case of
leptons, we get the non-zero U(1)-lepton number accumulated.
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m At high energies in the early Universe (H > 1/rg), extra space symmetry can be
broken by metric fluctuations. Violation of the symmetry leads to the establishment
of non-zero initial values of symmetry-associated charges (numbers). In the case of
leptons, we get the non-zero U(1)-lepton number accumulated.

m The accumulated charges (numbers) are then conserved due to symmetry restoration.
However, in the usual case, the charge is realized in massive KK-modes with [ # 0,
which is stable due to the momentum conservation. Such a mechanism is suitable for
generating stable massive dark matter particles, but is not suitable for explaining the
low-energetic lepton assymetry.
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m From the Kalula-Klein viewpoint, internal symmetries are effective and are associated
with the geometric symmetry of the compact extra space in the higher-dimensional
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m At high energies in the early Universe (H > 1/rg), extra space symmetry can be
broken by metric fluctuations. Violation of the symmetry leads to the establishment
of non-zero initial values of symmetry-associated charges (numbers). In the case of
leptons, we get the non-zero U(1)-lepton number accumulated.

m The accumulated charges (numbers) are then conserved due to symmetry restoration.
However, in the usual case, the charge is realized in massive KK-modes with [ # 0,
which is stable due to the momentum conservation. Such a mechanism is suitable for
generating stable massive dark matter particles, but is not suitable for explaining the
low-energetic lepton assymetry.

m [t is possible to avoid this limitation in the extra space model where the massless
fermionic KK-level splits into a multiplet. This splitting becomes possible in extra
spaces with an angle profuse b > 4. The massless components of the triplet can carry
internal momentum [ = £1 - that is, carry an effective 4-dim charge (number), in our
case - leptonic.
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Conclusion

From the Kalula-Klein viewpoint, internal symmetries are effective and are associated
with the geometric symmetry of the compact extra space in the higher-dimensional
space-time. This also applies to the U(1)-lepton symmetry.

At high energies in the early Universe (H > 1/rg), extra space symmetry can be
broken by metric fluctuations. Violation of the symmetry leads to the establishment
of non-zero initial values of symmetry-associated charges (numbers). In the case of
leptons, we get the non-zero U(1)-lepton number accumulated.

The accumulated charges (numbers) are then conserved due to symmetry restoration.
However, in the usual case, the charge is realized in massive KK-modes with [ # 0,
which is stable due to the momentum conservation. Such a mechanism is suitable for
generating stable massive dark matter particles, but is not suitable for explaining the
low-energetic lepton assymetry.

It is possible to avoid this limitation in the extra space model where the massless
fermionic KK-level splits into a multiplet. This splitting becomes possible in extra
spaces with an angle profuse b > 4. The massless components of the triplet can carry
internal momentum [ = £1 - that is, carry an effective 4-dim charge (number), in our
case - leptonic.

But this charge cannot accumulate in the fermion field. Due to Fermi-Dirac statistics,
fermions cannot exist in the form of coherent oscillations in which charge (number) is
accumulated. Therefore, we need to introduce an interaction with a scalar field.
Then, the condensate of the scalar field carrying the internal momentum (lepton
number) will decay into leptons, forming a lepton asymmetry.
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Thanks for you attention!

Any questions?
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