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Fig. 1. N
(1)
x (signal) and N

(0)
x (background) in the 1st

(x, y, z > 0), 2nd (x < 0, y, z > 0), 3rd (x, y < 0, z > 0) and 4th

(x > 0, y < 0, z > 0) octants. N
(1)
x and N

(0)
x propagate along

opposite directions in the regions of 1st and 3rd octants, while
they have the same propagating directions in the region of 2nd
and 4th octants

Fig. 2. Schematic diagram of strength distribution ofN
(1)
x and

N
(0)
x in the 1st and 2nd octants. We take note of |N

(0)
x |x=0 = 0,

while |N
(1)
x |x=0 = |N

(1)
x |max, and N

(0)
x is the “outgoing wave”

to the y–z-plane

Fig. 3. N
(1)
x and N

(0)
x in the 5th (x, y > 0, z < 0), 6th (x < 0,

y > 0, z < 0), 7th (x, y, z < 0) and 8th (x > 0, y, z > 0) octants.

N
(1)
x and N

(0)
x propagate along opposite directions in the re-

gions of the 6th and 8th octants, while they have the same
propagating directions in the regions of the 5th and 7th octants

Fig. 4. Schematic diagram of strength distribution ofN
(1)
x and

N
(0)
x in the 5th and 6th octants. Also, we take note of that

|N
(0)
x |x=0 = 0 while |N

(1)
x |x=0 = |N

(1)
x |max. Unlike Fig. 2, here

N
(0)
x is “the imploding wave” to the y–z-plane

merical calculation for the perturbative photo flux density
n
(1)
x , (59). From (59)–(61), the N

(0)
x and N

(1)
x we obtained

in a 1 Hz bandwidth are listed in Table 1.
In fact, the expected root-mean-square (r.m.s.) value

hr.m.s. in the GHz band of the dimensionless amplitudes
by the different cosmological models and parameters
are quite different [1–6, 43, 52]. According to an opti-
mistic estimation, their orders may be hr.m.s. ∼ 10−29–
10−30/

√
Hz, while a conservative estimation may be only

hr.m.s. ∼ 10−34–10−35/
√
Hz. References [40, 41] provide

a more average estimation for the r.m.s. value hr.m.s. ∼
10−30–10−32/

√
Hz (see Fig. 7). Thus, in order to de-

tect the HFRGWs in the GHz band, the minimal de-
tectable amplitudes of the detecting systems would be

Fig. 5. The perturbative photon flux N
(1)
x (s−1) gener-

ated by the HFGW of hrms = 10
−30/

√
Hz and ν = 5GHz,

here detecting bandwidths ∆ν = 1Hz, |N
(1)
x | = |N

(1)
x |max =

8.21×102 s−1 at x= 0, we take note of the background photon

flux N
(0)
x |x=0 = 0 (see (28) and (31)); thus, N

(1)
x would be an

observable value, and N
(1)
x and N

(0)
x propagate along opposite

directions in the first octant
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Fig. 6. Two-dimensional distribution of the perturbative photon flux density n
(1)
x (s−1m−2) (59), where z = l2 = 0.3 m,

l1 = 5.7 m, i.e., z+ l1 = l2+ l1 = 6m, 0< y < 0.2 m, A⊗ = 10
−30/

√
Hz. It is shown that |n

(1)
x | has a maximum distribution in the

region of −3.5 cm< x < 3.5 cm

Table 1. The x-component of PPFs and relevant parameters. Here A is the root-
means square value of the HFGW amplitudes, l is interacting dimension between the

HFGWs and the static magnetic field, N
(0)
x and N

(1)
x are the x-components of BPF

and PPF, respectively

A (Hz−
1
2 ) l = l1+ l2 (m) N

(0)
x (s−1) N

(1)
x (s−1) N

(0)
x (s−1) N

(1)
x (s−1)

x= 0 cm x= 3.5 cm

10−22 6 0 8.21×1010 1.24×1022 3.54×1010

10−24 6 0 8.21×108 1.24×1022 3.54×108

10−26 6 0 8.21×106 1.24×1022 3.54×106

10−28 6 0 8.21×104 1.24×1022 3.54×104

10−30 6 0 8.21×102 1.24×1022 3.54×102

10−32 6 0 8.21 1.24×1022 3.54

10−34 6 0 0 1.24×1022 0

h ∼ 10−30/
√
Hz or less at least. Moreover, one often es-

timates the amplitudes of relic GWs by their energy
spectra; this is useful because it allows us to quickly
evaluate the cosmological importance of the generated
field in a given frequency interval. However, as pointed
out by Grishchuk [39], the primary and more univer-
sal concept is the amplitude, not the spectrum dens-
ity. It is the field, not its energy density, which is di-

rectly measured by the GW detector. Therefore, we listed
the PPFs under various amplitude conditions, (hr.m.s. ∼
10−22–10−34/

√
Hz) in a 1 Hz bandwidth in Table 1. Of

course, a possible distribution region of the amplitude
magnitudes of the HFRGWs may be only hr.m.s. ∼ 10−30–
10−32/

√
Hz; there are no HFRGWs as strong as hr.m.s. ∼

10−22–10−28/
√
Hz, but the estimation of the PPFs can

display a detecting ability and sensitivity of the EM sys-
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−F2(y) sin

(
kg(x− z)+

kgx
2

2R
− tan−1

z

f

)]}

× exp

(
−
x2

W 2

)
(67)

(−l3 < x< l4) .

It can be shown that the calculation for the second and
third terms in (66) is quite similar to the first term, and
they have the same orders of magnitude; we shall not re-

peat it here. Notice that unlike n
(1)
x produced by the relic

GW component propagating along the positive direction
of the z-axis, the phase functions in (67) contain the os-
cillating factor kg(x− z), and because it is always pos-
sible to choose l2+ l1� l4+ l3, i.e., the dimension of the
z-direction of B̂

(0)
y is much larger than its x-direction di-

mension. Thus, the PPF expressed by (59) will be much
larger than that represented by (66) (see Table 2).
(d) θ = π/2, φ = π/2, i.e., the relic GW component

propagates along the y-axis, which is parallel to the static

magnetic field B̂
(0)
y .

According to the Einstein–Maxwell equations of the
weak field, the perturbation of the GW to the static mag-
netic field vanishes [14, 28], i.e.,

n(1)x = 0 . (68)

It is very interesting to compare n
(1)
x in (59), (64), (67)

and (68), as it is shown that although they all represent
PPFs propagating along the x-axis, their physical behav-
iors are quite different. In the case of θ = φ= π/2, n

(1)
x =

0, (68); when θ = π and θ = π/2, φ = 0, the PPFs con-
tain the oscillating factors 2kgz and kg(x−z), respectively
(see (64) and (67)). Only under the condition θ = 0 does
the PPF, (59), not contain any oscillating factor, but only
a slow variation function in the z-direction. This means
that n

(1)
x produced by the relic GW component propagat-

ing along the positive direction of the z-axis has the best
space accumulation effect (see Table 2). Thus, as previ-
ously mentioned, our EM systemwould be very sensitive to
the propagating directions of the relic GWs. In other words
the EM system has a strong selection capability to the
resonant components from the stochastic relic GW back-
ground. Therefore, if the real relic GW background has
a small deviation to the isotropy of space, then it should
be possible to provide an HFRGW map of the celestial
sphere by changing the direction of the symmetrical axis of
the GB, or alternatively by the utilization of multiple EM
detectors.

5.2 The separation of the PPFs (signal)
from the BPFs

In recent years, new types of fractal membranes have
successfully been developed [57–59]. Firstly, these fractal
membranes can provide nearly total reflection for the EM
waves (photon flux) with certain frequencies in the GHz
band; at the same time, they can provide a nearly total
transmission for the photon fluxes with other frequencies

in the GHz band (the fractal-membrane pattern can be
“significantly sub-wavelength in all dimensions” [57]). Sec-
ondly, the photon fluxes reflected and transmitted by the
fractal membranes can keep their strength invariant within
the distance of 1 meter from the fractal-membrane’s sur-
face, especially if the fractal-membrane reflectors are back-
to-back very shallow (or segmented) paraboloid mirrors
that focus the PPF on the detectors situated out along op-
posite ends of the x-axis. In this case the diffracted focus
spot at each detector exhibits a radius of λg/π = 6 cm/π ∼
1.91 cm (area of ∼ 10−4m2) [9, 10]. Thirdly, such frequen-
cies can be regulated in the GHz band. Since N

(1)
x (signal)

and N
(0)
x (background) propagate along the negative and

positive directions of the x-axis in the first octant (the re-

gion of x, y, z > 0), respectively, i.e.,N
(1)
x propagates along

the direction toward the fractal membrane, while N
(0)
x

propagates along the direction away from the fractal mem-
brane (see Fig. 9). Using the reflecting fractal membranes
with their plane or paraboloid faces normal to the x-axis, it
will reflect only N

(1)
x and not N

(0)
x . Once N

(1)
x is reflected

(defined as N
(1)′

x ) it will have the same propagation direc-

tion asN
(0)
x . However, afterN

(1)
x is reflected, it can keep its

strength invariant within 1 meter distance from the fractal
membrane [57, 58], while N

(0)
x decays by the typical Gaus-

sian decay rate exp
(
− 2r

2

W2

)
(see (31)) to each side of the

GB (x- and y-directed), the ratio N
(1)′

x /N
(0)
x (the signal-

to-background noise ratio in the x-direction) would be
larger than 1 in the whole region of 0.35m≤ x≤ 1m (see
Table 3; x is the distance from the detectors to the frac-

Fig. 9. N
(0)
x , N

(1)
x and N

(1)′

x in the 1st and 3rd octants. After

N
(1)
x is reflected by the fractal membrane, (e.g., N

(1)′

x in the

1st and 3rd octants), N
(1)′

x and N
(0)
x will have the same propa-

gating direction. However, N
(1)′

x can keep its strength invariant

within 1 m to the membrane (see, e.g., [57, 58]), while N
(0)
x

decays as the typical off-axis (radial distance r) Gaussian de-
cay rate exp(−2r2/W 2) (see (31)) and attenuated further by

superconducting baffles; then the ratio N
(1)′

x /N
(0)
x would be

larger than 1 in the whole region of 0.35 m< x < 1 m, although

N
(0)
x �N

(1)′

x in the region of 0< x< 0.35 m
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tal membranes). Table 3 shows that the BPF N
(0)
x is much

larger than the PPF N
(1)′

x in the region 0 < x < 35 cm,

while the N
(0)
x and N

(1)′

x have the same order of magni-

tude at x= 35.09 cm, and N
(1)′

x would be larger than N
(0)
x

in the region of x > 35 cm. In other words, in this region

the signal-to-background noise ratio N
(1)′

x /N
(0)
x in the x-

direction might gain up to a comparable order of magni-
tude. It appears to be better to use the transmitting fractal
membranes, because the PPF transmitted by the fractal
membrane can also keep its strength invariant within 1 me-
ter to the membrane, and the PPF does not change its
propagating direction. In this case, the PPF detectors in
1st and 3rd octants in Fig. 9 should be replaced by the de-
tectors in 2nd and 4th octants in Fig. 10.
In fact, the circular polarized “monochromatic com-

ponent”, (35), is often called the right-handed circular po-
larization, while a left-handed circular polarized compon-
ent has following form:

h⊕ = h11 =−h22 =A⊕ exp[i(kgz−ωgt)] ,

h⊗ = h12 = h21 =−iA⊗ exp[i(kgz−ωgt)] , (69)

where A⊕, A⊗ ≈ A(kg)/a(t). In our EM system, accord-
ing to (35), (38), (39) and (69), the propagating direction

of N
(1)
x depends on the choice of the circular polarization.

Thus, if the interacting “monochromatic component” is
only the left-handed circular polarized state, (69), then the

propagating direction of N
(1)
x will be opposite to that gen-

erated by the right-handed circularly polarized compon-
ent, (35), and thenN

(1)
x andN

(0)
x propagate along opposite

directions in the regions of the 2nd, 4th, 5th and 7th oc-
tants, while they have the same propagating direction in
the regions of the 1st, 3rd, 6th and 8th octants. In such
a case, the distinguishable PPF from the BPF would be
N
(1)
x in the regions of the 2nd and 4th octants but not in
the regions of the 1st and 3rd octants.
If both circular polarizations exist at the same time (in

this case the two polarized states often have a certain phase
difference; a more detailed investigation of the issues will

Table 3. Comparison of the PPF reflected or transmitted by the fractal membrane
and the BPF in the x-direction; here B̂(0) = 3T, hrms ∼ 10−30/

√
Hz, νg = 5GHz, l2+

l1 = 6m and the detecting bandwidth ∆ν = 1Hz. The PPF N
(1)
x reflected or transmit-

ted (defined as N
(1)′

x ) by the fractal membrane can keep its strength invariant nearly
within 1 meter distance from the membrane [57–59] (or even more, attenuated by
superconductor baffles along the x-axis). Even if according to the most conservative
estimation to the fractal membranes [69], the photon flux reflected or transmitted by
the fractal membranes can keep ninety percent of its strength at the position of 1 meter
distance from the fractal membranes. Here our comparison is just from this conserva-

tive estimation. Thus,N
(1)′

x and N
(0)
x would be of a comparable order of magnitude in

the region 35 cm< x < 37 cm (over a diffraction-limited spot area of ∼ 3×10−4 m2)

Distance to the fractal 0 3.50 32.59 35.09 37.00
membrane (cm)

N
(0)
x (s−1) 0 1.24×1022 6.73×105 8.20×102 3.50

N
(1)′

x (s−1) 8.21×102 8.18×102 7.94×102 7.92×102 7.90×102

Fig. 10. N
(0)
x , N

(1)
x and N

(1)′

x in the 2nd and 4th octants.

Unlike Fig. 9, here N
(1)′

x is the PPF transmitted by the trans-
mitting fractal membrane; then the PPF detectors should be
put in the 2nd and 4th octants

be done elsewhere), then the PPFs (here we defined them

as N
(1)
x I and N

(1)
x II, respectively) generated by the right-

and left-handed polarized circular components will propa-
gate along opposite directions in every octant. One of them
propagates along the positive direction in the x-axis, and
another one in the negative direction in the x-axis. How-
ever, because the effects of the fractal membranes to N

(1)
x I

and N
(1)
x II are quite different, one kind of the two PPFs

(N
(1)
x I or N

(1)
x II) could be distinguished from the BPF.

For example, in the first octant (the region of x, y, z >

0) N
(1)
x I and N

(1)
x II propagate along the negative and posi-

tive directions of the x-axis, respectively. This means that
N
(1)
x I propagates along the direction toward the fractal

membrane, whileN
(1)
x II andN

(0)
x propagate along the direc-

tion away from the fractal membrane (see also Figs. 1, 9










