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CPIM symmetry: doubling of degrees of freedom

@ Consider two manifolds, A-manifold and B-manifold, with coordinates x and &
related by CPTM symmetry:

gw/(x) — g,uV(j) = §w/(ff;)
provided by CPTM transform:

q — —q,"r — —rt — _tamgra’v — — Mgrav , Minertial — Minertial

677:7t7mg7“av > 0

CPTM (gu (%)) = §uv (&) = guv ()

The CC arises as a result of interaction between the manifolds, it’s value can be
different for two manifolds buft related by the CPTM symmetry:

CPTM(A) = A, CPTM(gu,(x,A)) = G (%, A)

~

U = e~UWAM 7 — UMM _ oy = WAM L _GV/AM

(V-U)— —R

o=

1
T = J(V+U)—=-T, R=
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Quantized scalar field: shorf example

@ Consider a scalar field undergoes the symmetry transform:

d3 k
3/2 /2wk

(6= (k) e ™™ + g (k) e h7)

CPTM(¢(z)) = CPTM (/ o (qb_(k) e FT 4 ot (k) eZk$)> —

- d3 k
= Qb(x) — / (277)3/2%

and
6(k) & o=(k) ] [T (ReT(E)] =97,
6T (k) < ¢t (k) <GPk GT(K) >= a2,

The results:

<PH> = /d3kk“’(< ot (k) p~ (k) >+ < ¢ (k)¢ (k) >) —

= <Py>+<Pg>=0

CPTM(< P >) =< Pg >;

CPTM(Gp(x,y)) = —Gp(Z,9)
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A and B spinors in an external gravity field

¢ Lagrangian of extended manifold:

L = LA+Lp=LA+CPTM(LA) = LA+ (W (—E*)O, +m) bp =
= La—vYp (W(EF)Ou —m) YB

Gravity field is included with “negative” vierbein fransform (e, £) , — — (e, E) 5:

1
Weab —7 Weab s D,u — D,u = 8,u + g Wiab ['7(171)]

S = Sa+Sp— [daaeaBa(tBEy" Dy — m) b -
- /d4ﬂi‘B egp (1EEY° Dy — m) Yp
We consider the linearized theory with symmetrical graviton:

Weab — Oc (61 ab — €1 ba) — Oq (61 ch + €1 bc) + ab (61 ca T €1 ac)

Scb = (61 cb T €1 bc) sy Seb = Sbe

N | =
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Quantization of B-spinor field

¢ The B-spinor field in this case is a replica of the A-field:

b(2)op = / (Qf;ﬁf 5 \/2%0 > (Mag) w@)e e + (M1 v (p)er7e)

with
Maf,ch) < ag, . {agaf}%{cgc?}:—égkcvs, < Olcp =0
M = d3 b (b5 by } = {dpdyl } = =462, 67, <0|d; =0

and

pr=>%" / 43k k* (afja; + b3Tb, 4+ chepl + df,dfj) , <O0[P*|0>=0

Feynman propagator for B-spinor field is a Dyson’s one:

B R d4k e—zk:(ac—y)
Sp(x—y) = — (z@m + m) / PSR —

(zéx = m) gp(m,y) = —54(:1:—y)
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One loop effective action for A,B-manifolds

The effective action construction:

YA.B — YA Bel + XA,B-

Tadpole contributions to I'" effective action or vacuum conftributions to
momentum-energy tensor (Euclidean space):

Ii(py) = —42m? GER(0) /d4xs(m) , T'ia+T1g=0
Two-legs contributions to I' or fadpole conftributions to momentum-energy tensor

['oa+T2p =0

We will use further for the weak gravity limit:

1
Sab = Sab — 577ab§, 3a§§ =0

1 1
Mi(x) = —wy°st 0, + §m§ = Suv (J{W + §mn“’/> = Sy JHY
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One-loop spinor and gravity actions together:

¢  One-loop spinor action:

F(E7¢78) — FA(EA?¢A)‘S) + FB(EBbeBwS) —
= /d4iUAEA Mi(zxa)pa — /d4$BEB Mi(xB)YB —

_ /d4a:A d*ya s (wa) Mi(za)Sp(za,ya) Mi(ya)ba(ya) —

_ /d4ib‘B d*yp ¥ p(rg) Mi(zp) Sp(zs,y) M1(ys) Y5 (yB)

Gravity action:
Sgr = —m., / th/d3 V=94 R(z) —m’ / dtB/dx\/—g R(x)

with

1 2
2 = g(xp) = CPTM (ga(xa))

General action:

S = F(¢7¢78) + SQ"“
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General sef-up for the gravity field.

¢ General form of the gravity action:

9i (@) = g2 (@) + hi();
90, (W) = 920 () + hi, (y);

_ 1 _ _
h,u,y:h,u/y_inuyh, 8#}]745:0,
mz% 4 THY ~—1TA mz2) 4 —uv 1B 4
I ) T/dthGAhuu+7/da:h’BGBh‘ul/+/dth ,uyA—|—
" / Tyo B + v /d%ﬁffx”AOA + T /d4$5%”AOB -
- 5 [t /d4yh (@) MIAA B (y) — —/d4 [ aty Ty @) MLEE T ) -
- /d% /d%ﬁfi{’( Y MIAD RS (y) — = /d4 /d4yh“” (z) ML P2 R (y)

The M ﬁyf ga (0, 4) here are vertices of effective interaction between I = A, B and
J = A, B gravity fields. The cosmological constants A 4 g appears here as some

terms in the effective action. CC smallness —p. 8



General sef-up: propagators and dark matter

¢ Green’s function of the framework:

—1 2 AA 2 AB
m%(GAszl “mz M )(GAA GAB>1

2 BA —1 2 BB

The G o and G g 4 propagators here are analog of the Wightman propagators
S~ and S in the Schwinger-Keldysh technigue. The Green’s function for
A-manifold:

_ 2 _ _
G, Goaa = E(MA, G5'Gopa =0, G;'Goap = 0;
p

Gaa = Goaa + / Goaa M* A Gan + / Goaa M*AB Gpys +
—I—/GOABMlBAGAA ‘|‘/G0ABMlBBGBA-

The propagator is modified-"dark” maftter effect. The gravitational field:

2 5Tin _
hI:hOI——Z/GU L 4¢3 Gilhor =0; 1,J=A,B.
ms dh y
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Cosmological constant: first variant

We have 1o define the connection of s and k fields. In the case of the
Schwinger-Keldysh like formulation we define:

ha hp
gﬁ;B(aj) — g;?;}BO(LU) + hﬁ;B(a:), SA = 7, sgp = 7
To leading order precision CC is;
m]% oha ln, =0 4m]23 mz% dhp 175 =0 4m12)

miapYAL = (TOMM)A B

The one loop-contributions in this case are not fully canceled:

h A 1

sa = —=—h0A—/GAAA0A+---
2 2
h 1

sp = 7B:§hOB_/GBBAOB‘|‘"'

even for hg o = hg g, to next order the fields are not the same.
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Cosmological constant: second variant

¢ Vierbein gravity fields are the same for the matter fields:

_ 1— L /—A —B
gﬁljB(m) — g/ﬁ}BO(x) + h’ﬁILB(m)a Spv = ihlv“/ — Z (huy + h‘/,bl/)

with action:
my 4_FHV ~—1 TA > 4, pHY ~—1 7B N
I — T /d :ChA G;Ah’,ul/ + — /d th GéBhHV + /d hA TMVA +
d*z h' d*zh'y A d*zh's Aop —
-+ x BTMVB+77/LV Thy NoA + Nuv Irnhp QB
1 4 4 TRV 1AA 1 BB po
- o [t [atyRE @) (MiAs + Mu,,pa)xy 'y (y) —
1 — v 7.PO
-5 /d4x /d4yh% (x) (M/},;Apé' + Mipra)my hg (y) —
1 — LV o
-5 /d4x /d4yhi (x) (M/,l(,fpé' + Mipra)my hg (y) —
1 — v 7. PO
- 3 /d4:13 /d4yh% (x) (M/,l(,prAo' + M,,lbfpfé)xy hy (y) —
1 —lv N 4% 1 i 7,Po
-5 /d4:13 /d4yhi () Mli,f‘pBJ h% (y) — 2 /d433 /d4y h% () Mﬁfpf}; hﬁl (v)
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Cosmological constant: second variant

CC we have in this case:

mﬂ% (@A(z)zm(z) — aB(z)wB(@) = 8;]% (Tﬁu - Tgu)

Aoa = ANop =

oo | =

There are two possibilities, the trivial one with parralel time axis
TS by = TQM
and with opposite time directions for the A, B manifolds

T
tA7B:5:|:t; ¢ =1t/T

1 T T 1 OTy's Ty
A = TH (= ty — TH (= — ¢ ~ a el B
04 8m2 ( AM(Q +t) BF‘(Q )) 4T'm? ( oC * ¢

The cosmological constant is changing with fime and rafe of the the change is
defined by the change of the trace of the energy-momentum tensor, which is due

a new matter creation and/or annihilation in our Universe.
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Cosmological constant: third variant

We can consider the following possibility as well:

1 I — L /—a —B
A,B A,BO
Iuv (LC) Iuv (w) I 5 ( (aj) h (ZC)) Spv = 5 hMV Z (h,uﬂ/ i h’/,LI/)

with action
mz% —1) TA m129 4 THV —1 —1\ B
16 / "‘GBB) P =+ 16 /d zhp (GBB"‘GAA) hpw +
’TTL2 —B —uv
?p/ fohly +G§}B) hw,+/d4a:h’;; Ty a + -+

There is a special free fields propagator, for the particular types of GAA and Gé}a
it can describes a theory without free asymptotic gravitons, similarly to

Wheeler-Feynman propagator. The cosmological constant is this case is the same
(to LO) as in the second variant, but propagator’s structure (“dark” matter issue) is

different from the previous case.
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Conclusion:

The CPTM symmetry defines an additional manifold populated by negative mass
(gravitational) matter, the number of matter fields is doubling (at least).

For the same external gravity field legs atfached to the loop diagrams, a
cancellations of the particular, at least, one-loop contributions to the general
effective action (momentum-energy tensor) of both manifolds occurs. For the full
cancellation, the mechanism requires a justification of the unified gravity field for A
and B manifolds in the Schwinger-Keldysh like construction of the formalism,
otherwise the only particular cancellation takes place.

Without special “mixing” mechanisms, the A and B manifolds do not interact. The
intferactions are due the Schwinger-Keldysh non-diagonal Green’s functions
or/and infroduction of the interactions of the matter of both separated manifolds
with two weak gravity fields in Dirac equations. There is the single unified gravity
field for both manifolds as option as well of course.

On the classical level the CC is small and equal or to the trace of the matter’s
momentum-energy tensor for each manifold separately or to the difference of the
A,B manifolds tensors.
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Conclusion:

The dark matter appears in the approach inevitably in the form of the gravity
propagator modification due the B manifold influence.

The approach is falsifiable, namely each from the variants provides different values
of cosmological constant and different ways of propagators modifications The

cosmological constant and propagators can be calculated at least to one-loop
precision.

The interesting issue is about the renormalizability properties of the model-can also
help to choose the particular scheme.
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