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We show that in the model of hidden sector of the Universe, interacting
with the Standard-Model sector through the photonic portal, the Standard-
Model Coulomb potential gets a tiny hidden-sector additive correction that
might turn out to be either exciting or fatal for the verification of this model.
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1. Introduction

A model of hidden sector of the Universe, proposed in previous pa-
pers [1, 2], consists of sterile spin-1/2 Dirac fermions (“sterinos”), sterile
spin-0 bosons (“sterons”) and sterile non gauge mediating bosons (“ A bosons”)
described by an antisymmetric-tensor field (of dimension one) weakly cou-
pled to steron—photon pairs as well as to antisterino—sterino pairs, giving the
new weak interaction

- % / (‘PF,LW + CU_}UWU}) AR (1)

Here, F),, = 0,A, — 0,A, is the Standard-Model electromagnetic field (of
dimension two), while v/f and /f ¢ denote two dimensionless small coupling
constants. We presume that

Y = <90>Vac + ®ph (2)

with a spontaneously non zero vacuum expectation value (¢)yac # 0. We
have called such a coupling of photons to the hidden sector “photonic portal”
(to the hidden sector), and considered it as an alternative to the popular
“Higgs portal” [3].
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In the present note, we show that the first term in the interaction (1)
implies a small correction to the Standard-Model Coulomb potential. It
can be estimated, if the coupling constant f, the vacuum expectation value
(@)vac and the masses of sterino, steron and A boson, my, m, and M, are
somehow established.

The new interaction Lagrangian (1), jointly with the A-boson kinetic
and Standard-Model electromagnetic Lagrangians, lead to the following field
equations for F),, and A,

& [Fuw + VI (@hne + o)A = ~dur Fuo = 0y =By (3)

and
(D - M2) A,LLI/ = _\/f [(<90>V3C + SOph)F;w + Cd—]aﬁ“jdj] ’ (4)

where j,, denotes the Standard-Model electric current and M stands for a
mass scale of A bosons, expected typically to be large.

The field equations (3) are Maxwell’s equations modified in the presence
of hidden sector interacting with the Standard-Model sector through our
photonic portal. This modification is of magnetic character, because the
hidden-sector contribution to the total electric source-current

i+ 0 [V (@)vac + Gon) Ay | (5)

of the electromagnetic field A, is a four-divergence giving no contribution
to the total electric charge

/d% {j() + ok [\/jT(< )vac + ©ph) AOk /d3$]0 = (6)

It can be seen that the vacuum expectation value (p)vac # 0 generates
spontaneously a small sterino magnetic moment

My = %(‘P>vae> (7)

although sterinos are electrically neutral. This is a consequence of an effec-
tive sterino magnetic interaction

- %/WJ&O'/W@DFHU (8)
appearing, when the low-momentum-transfer approximation

A= 0 (9)

effectively implied by Eq. (4) with F,, — 0 is used in the second term of
weak interaction (1).
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It will turn out, however, that due to the photonic portal the Standard-
Model electromagnetic interaction, in particular the Coulomb potential, gets
a tiny hidden-sector correction.

2. Hidden-sector correction to Coulomb potential

From Eq. (4) we can see that

(O = M?) 0" Ay = —\/f 0" (¢Fpu + (o)) - (10)
Hence, in the case of ¢y, — 0,9 — 0 and 4, — A(Vac) we get
(l:l — M2) 8”14/(;,3(:) = _\/f<90>vaC8VFuU > (11)
where from Eq. (3)
0" Fuy = —jp — V/f (¢)vacd” AL (12)
Thus,
(0 872) 04559 = VT () (13)
with
M? = M? + f(#)enc - (14)
For a Standard-Model point-charge at rest at Zy we have
Iu(@) = 9#06053(5 — o), (15)
and then Eq. (13) gives
8VA(VaC) = _g#()\/> vac 5 e_M‘f_fol . (16)

47T‘:L’ 0‘

Therefore, a hidden-sector additive correction to electrostatic energy of
two point-charges at rest at 7y and 7, following from the first term of weak
interaction (1), arises and is equal to

sV = /d3$f JvacF" (2 Al(i\lljac) (2)
_ / B /T (P)ae At () AL (z) (17)
where FM () = OMAY(x) — 0¥ A¥(x)' and

AF(z) = g [ %o (1)

4r|T — )|
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the latter is due to Eq. (12) (with 8, 4% (z) = 0) and (15) (with €} and 7).
This implies together with Eq. (16) that

ep €

V) = f(p)ae / e e MTRIL O (f7)

2| — 2|7 — (|

_ f(@)\%ac 6066 —M|Zo— ip| 2
- 1k 4W|fo_%‘(1—e 0 o)+0(f). (19)

We can see that such a hidden-sector correction 8V (¥3) to the Coulomb
potential V = eqef,/(4n|Ty — F|) is smaller than the latter by the factor

2 .

f<9€>vac (1 _ e—M|fo—5c'6\) ’ (20)
N2

where f(p)2,./M? is expected to be tiny. This factor approaches f(p)2

vac vac

|Zo — Zp|/M or f{p)2,./M? if M|Zy — Z| tends to 0 or oo, respectively.

vac

3. A suggestion for sterile masses consistent with thermal sterinos

In our model of hidden sector, thermal sterinos are candidates for cold
dark matter after their freeze out. Thus, with the use of the abundance
of cold dark matter observed by WMAP Collaboration, 2pyh? ~ 0.11 [4],
we infer that in the case of our weak interaction (1) the thermal average of
total annihilation cross-section of an antisterino—sterino pair, multiplied by
the sterino relative velocity, can be estimated as

8 1073

<Jann (1/_”#) 2U¢> ~ pb =~ T W )

(21)

where

Tann (P10) 2vy ~ | o (P = o) + D o (b — ff) | 20y (22)
f

with fs denoting charged leptons e™, u~,7~ as well as quarks u,c,t and
d,s,b (among quarks the top ¢ is considered or omitted if m; < my or
my > My, respectively). Here, the interaction (1) plus the Standard-Model
electromagnetic coupling —j, A" gives (cf. the third Ref. [1] and the second
Ref. [2])

_ 1 2 m?2
o (1/1¢ — ’)“Pph) 2uy = 6r (j\}i) (Ei + Qmi) (1 — 4E%) (23)
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and

U(@w_’ff)vaZE <€ff

) vac >2 Ei + Qmi

24)
5 PR (
M E?

where the fermion mass m is neglected versus sterino mass m,;,. The annihi-

lation processes Ynp — Ypn and Y — ff go virtually as i) — A*— yopn
and Yy — A* — v*— ff, respectively, where A* — ~* involves the action
of (¢)vac. Thus,

o(Yyp—eter) -
o (b= wph)] 7 Wy =) 2oy

(25)

Here, 34+3x3(4/9+1/9) = 8 for my, > my and 3+2x3(4/94+1/9)+3(1/9) =
20/3 for my < my.
Now, we assume tentatively that

for m, <m or 8 for my, > mt>

my, ~mg ~ (1072 t01) M? ~ (©)2, (26)
and conjecture boldly that
f~e*=dra~0.0917, C~1. (27)
Then, from Egs. (25) and (26)
Tann (V1) 20y ~

20 2
[1 + (3 for my, <my or8form¢>mt> §e2

} 3f22 x (107 to 1)

gmmy,
(28)
with f? = e* due to Eq. (27), where E; ~ m,;, and the electron mass m, is

neglected. Note that due to Eq. (28) (0ann(¥1)20y) ~ Gann (¥10)20.
From Egs. (21) and (28) with f? = e we estimate

my ~ (7.5t0770) GeV (29)

and

M ~ (10to1)my ~ (75t0 770) GeV . (30)

In particular, for M ~ 10m,, ~ 75 GeV the numerical coefficient in the
factor (20) becomes

F@) e [0 ac/M? e?my, /M?

- = ~ ~ 0.00092 . 31
W2 Tk Sl kAR~ T 2 M2 (31)
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Of course, this estimate is simply a guess, but it is an example consistent
with the thermal sterinos playing the role of cold dark matter after their
freeze-out. For a value of f smaller than f ~ €2, the coefficient (31) is
decreased proportionally to f when f? /mi (due to Eq. (21) and (28)) as

well as m?zj/M2 (due to Egs. (26)) are fixed.

The not observed yet hidden-sector additive correction to Coulomb po-
tential, generated through the photonic portal, might turn out to be either
exciting or fatal for the verification of our model of the hidden sector of the
Universe.

Thus, if such a tiny correction existed, photons would be coupled not only
electromagnetically to the Standard-Model electric current, but also weakly
to the hidden sector through the photonic portal (1). Then, the problem of
embedding this portal into an electroweakly symmetric form, broken spon-
taneously by the Standard-Model Higgs mechanism, would be actual (for
a proposal c¢f. the last Ref. [1]). Note finally, that the photonic portal (1)
would also imply this tiny correction to the Standard-Model Coulomb po-
tential, when in contrast to the present paper our sterile mediating field A
(of dimension one) were gauged (for the gauge option c¢f. Appendix in the
second Ref. [2]).
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