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The quantized redshifts observed from galaxies in the local supercluster have recently been shown to be well
described by stimulated Stokes Raman processes in intergalactic Rydberg matter (RM). The size of the quanta
corresponds to transitions in the planar clusters forming the RM, of the order of 6-107% cm™'. A stimulated
Stokes Raman process gives redshifts that are independent of the wavelength of the radiation, and allows the
radiation to proceed without deflection, in agreement with observation. Such redshifts must also be additive
during the passage through space. Rydberg matter is common in space and explains the observed Faraday
rotation in intergalactic space and the spectroscopic signatures named unidentified infrared bands and diffuse
interstellar bands. Rydberg matter was also recently proposed to be the baryonic dark matter. Experiments
now show directly that IR light is redshifted by a Stokes stimulated Raman process in cold RM. Shifts of 0.02
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cm~!

are regularly observed. It is shown by detailed calculations based on the experimental results that the

redshifts due to Stokes scattering are of at least the same magnitude as observations.

PACS: 42.65.Dr, 36.40.-c, 98.62.Py, 98.80.Es

1. INTRODUCTION

The redshifts observed from distant extragalactic
sources in space are quite intriguing, and their origin
has been debated by many authors. The important
reports that the redshifts are quantized [1,2] are at
variance with the accepted interpretation of the red-
shifts. The quantization of galactic redshifts was re-
cently shown to agree with the expected stimulated Ra-
man process in intergalactic Rydberg matter (RM) [3].
That intergalactic matter exists at nonnegligible densi-
ties is shown, for example, by the observation of a Fara-
day rotation effect at radiofrequencies in intergalactic
space [4]. This effect is well described by very low den-
sities of RM, with its high electron density and inherent
magnetic field [5]. It is also proposed that RM is the
(baryonic) dark matter in space [6]. The properties of
RM are such that it is an excellent candidate for the
missing dark matter. For example, a hydrogen atom
in RM takes up a volume 5 - 10'? times larger than a
ground-state hydrogen atom.
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Rydberg matter is a special form of matter, which is
built up of weakly interacting, highly excited atoms or
molecules in circular, metastable Rydberg states. It has
metallic properties due to the delocalized electrons and
a very low density under the conditions in space. We
have shown that low-density RM can be conveniently
studied by laser fragmentation and time-of-flight me-
thods [7-9]. Rydberg matter can be built up from
alkali atoms and also from small gas molecules like
Hy and Ny [8,10,11]. Tt can also be formed from H
atoms [12,13]. The existence and structure of RM was
predicted by Manykin, Ozhovan and Poluéktov [14, 15]
more than 20 years ago, and by 1991, the first exper-
imental studies of a macroscopic Cs Rydberg matter
phase were performed [16,17]. These early studies of
RM have recently been independently confirmed [18].
Improved quantum mechanical calculations of the prop-
erties of RM built up by Cs were also published [19, 20].
Later, studies by time-of-flight methods [7, 10, 21] iden-
tified the special planar cluster shapes predicted by the-
ory [22]. The distance between the ions in the RM
can be measured by the repulsion energy released in
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Coulomb explosions in the matter [8,9,11,12]. This
bond distance is a few nm at the relatively low excita-
tion levels studied by this technique.

Due to the extremely large polarizability of RM,
Raman spectroscopic studies will be very useful to find
information on the properties of RM. A blueshift of
single-mode IR laser light passing through RM was
observed and interpreted as an anti-Stokes stimulated
electronic Raman effect (ASERS) [23]. Experiments
have also directly observed anti-Stokes Raman scatter-
ing from RM surface layers. Transitions in K Ryd-
berg atoms [24] and bands from H, and other small
molecules, and bands from transitions in the RM [25]
were observed. The stimulated Raman effect was also
used in a micro-Raman spectroscopy study of the in-
teraction of water molecules with one of the solid ma-
terials used to emit RM in laboratory [26]. A re-
cent study interpreted the interaction observed between
laser modes observed in transmission and reflection of
IR lasers in RM as being due to the stimulated Raman
effect [27]. Another method recently employed for the
study of RM is stimulated emission, which works well
due to extremely long lifetimes of the electronically ex-
cited states in RM. In fact, the first thermally excited
laser was recently demonstrated in the IR range [28, 29].
This CW laser is tunable over the range 800-14000 nm.
The numerous bands observed in the stimulated tran-
sitions agree with the transitions expected in RM.

The lifetime of RM is very long in space, which
allows its rate of formation to be very low. Extrapola-
tion from the theoretical results in [20] gives a radiative
lifetime of undisturbed RM of the order of the lifetime
of the universe. That RM is a common type of mat-
ter in space is shown by the interpretation [30] of the
unidentified infrared bands (UIR, UIB) as being due to
transitions in RM, in fact, the same transitions exper-
imentally studied by stimulated emission [29] and by
a few stimulated Raman experiments [24,25]. Further
evidence comes from the Faraday rotation observations
in intergalactic space and their interpretation as be-
ing due to RM [5]. More evidence also exists. A large
number (at least 60) of the so-called diffuse interstellar
bands (DIBs) have been calculated accurately using a
theory based on the RM concept [31].

Because the conduction band in RM is not filled, al-
most continuous electronic excitations are possible. In
a stimulated electronic Raman process, a photon gains
or loses some energy from the interaction with matter,
and RM may then change the frequency of radiation
passing through it by very small amounts, in the form
of a red or blue shift (Stokes or anti-Stokes shifts) of
the radiation. A blueshift was observed in the exper-
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iments in [23], where the RM used was electronically
excited by its formation process and by the high tem-
perature of the surrounding equipment. This shift is
expected to change to a redshift as in Stokes scattering
in cold RM in space. Further experiments using the
same technique have recently been published [32]. In
that study, redshifts were observed in reflection from
a layer of cold RM deposited on a window. We now
demonstrate directly that a redshift is observed in cold
RM even in transmission. Redshifts of the radiation
from distant galaxies are found from the interaction
between radiation and RM, as explained in [3].

2. THEORY

In what follows, the term light is used for simplicity
in many places where the term electromagnetic radia-
tion could be used instead.

2.1. Estimated gain

An important process for the interaction between
light and RM is the stimulated electronic Raman
scattering of the Stokes or anti-Stokes type (SERS,
ASERS) [33]. Anti-Stokes Raman scattering and sim-
ilar processes in RM have been observed in different
types of experiments [24,25, 34], even at low light in-
tensities [23, 26, 27]. For cold ground-state RM, Stokes
scattering should be observed instead. There is no
phase matching condition for this type of process [33],
and the Raman-scattered light proceeds in the same
direction as the incident light.

It is necessary to estimate the magnitude of the
stimulated Raman effect in the case of an RM mate-
rial. For this, we use the ordinary classical steady-state
gain factor derived for molecular vibrational transi-
tions. The formulas are given for the Stokes scattering,
which is the case of interest for astrophysical processes.
The equations are identical in form for the anti-Stokes
(as) and Stokes (s) cases. The incident light frequency
is wr, and the generated Stokes wave has a frequency
ws. The difference

WL —Ws = WE

is the resulting electronic excitation in the RM mate-
rial. For the Stokes wave, the steady-state gain factor
Gss at its maximum is given by [35]

(
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In this expression Ny is the density of the dipoles cre-
ated by the incident light wave, here chosen to cor-
respond to the number of electrons in the RM; kg is
the wave number for the Stokes wave; m is the mass
of the driven oscillator, in this case one electron mass;
€ = €,€p is the permittivity of the medium, which is
unknown but probably has €, of the order of unity; v
is the coupling constant for the electronic excitation
in the intermediate state to other degrees of freedom;
Oa/Dq is the variation of the polarizability with the co-
ordinate describing the excited motion, here the elec-
tronic motion; and Ey, is the electric field strength of
the incident light.

The gain factor G4, can be large even at low light in-
tensities due to the very large polarizability of the RM
and an arbitrarily small value of the difference wy, —ws.
The reason for this small value is the almost continu-
ous nature of the energy levels in RM. Another factor of
great importance is the coupling (dephasing) constant
~, which is much smaller than in the case of ordinary
matter because the coupling of the electronic motion in
RM to other modes of motion is weak. From the exper-
iments with IR lasers, it was concluded that v is of the
order of 10® s71 or smaller [23]. This would give a lower
limit on the magnitude of the electronic excitations in
terms of wave numbers from

AV =wp >y as AP>3-10 % em L.

The quantized redshifts interpreted in [3] give
Av~6-107% em™'

in agreement with the experimentally found lower limit
for . We use this value as a reasonable quantum mag-
nitude of the electronic excitation in RM above each
metastable state with a certain excitation level n. Life-
time measurements of RM both at 77 K [36] and at
800 K [16,37] and calculations at low excitation lev-
els [20] seem to indicate a much smaller value, maybe
of the order of 1073 s~! [23,34]. However, these life-
times probably correspond to deexcitation from an ex-
citation level n down to the fully dissociated ground
state consisting of separate atoms or molecules.

To estimate reasonable values of the quantities in
Eq. (1), we use a phase of RM with the excitation state
n = 80, which is the average value deduced from the
study in [30]. Each Rydberg atom is then considered
a polarizable particle. With interatomic distances of
0.5 ym at n = 80, the density is found to be approxi-
mately 10'® m—3. The wave number k, is of the order
of 2-10* em™! or 2-10° m~! in the visible range, and
the difference of the frequencies wy — wy is assumed to
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be 107 cm~! or 107* m~'. In fact, with RM this value
is probably even smaller. The mass m is the electron
mass and € is the dielectric constant €, times ¢g. The
polarizability variation da/dq is estimated as the vol-
ume added for a change in the radial distance for the
Rydberg electron (times €q to give the right dimension)
and becomes 4.4-1072* As - m - V~!. Finally, the field
strength due to light is estimated for the power density
1 mW - ecm™2, giving E =90 V- m~!. This gives

3107

-1
88 — m
€r7Y

G

(2)

with v in s™! and €, of the order of unity. Even for
rather large values of ~, the G4 factor is large, which
means that the stimulated Raman effect is strong and
an efficient conversion to the Stokes wave takes place
in a short distance. It may be assumed that 7 is of
the order of 10% s~'. This means that the G, factor is
very large and gives rise to a strong stimulated effect
by the equation for the Stokes field strength [33, 35]

E] = E(0) exp(Gisz), (3)
where the index f indicates a forward wave, E4(0) is
the Stokes wave at position zero (noise photons), and
z is the distance along the laser beam. Thus, it is obvi-
ous that stimulated Raman effects should be observable
even for low light intensities, especially if « is very large
as in intergalactic space.

2.2. Continuous excitations

The form of Eq. (1) is best suited for molecular vi-
brational Raman problems. Other forms of this equa-
tion exist (as, e.g., in [38]) which in general are better
suited for electronic excitations. However, the theory
of RM shows that the delocalized electrons, as in or-
dinary Rydberg states, are close to the classical limit.
For example, in [22], the bond energies and electronic
levels of RM are calculated from electrostatic formulas,
only with the addition of the electron correlation as a
quantum mechanical effect. The transitions of interest
here, between translational states of the RM electrons
in the RM clusters, have very small quanta and are
almost classical in nature. This means that a descrip-
tion of the interaction between the light wave and the
molecular system in terms of motion of point particles,
like in the vibrational Raman transitions, is quite well
adapted to the RM electronic excitations.

In the case of stimulated Raman scattering, well-de-
fined Raman transitions are normally studied, and not
a continuous range of wave numbers wg. Because one
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well-defined Stokes (or anti-Stokes) frequency usually
dominates and gives the Raman wave, it is not directly
clear what happens if a range of transitions is possible.
In the present case, consecutive Stokes components will
to be formed along the laser beam, as shown, for ex-
ample, in [33,39]. If a range of frequencies is possible,
this could be thought to lead to a broadening of the
Stokes wave vector, and a less well-defined stimulated
Raman appearance. From Eq. (3), however, one can
see that the switch from one Stokes component to the
next occurs when the exponent Gz is large enough.
Because

X
Gssr X —,
WE

a smaller value of wg gives the same value of the expo-
nent in a proportionally shorter distance z. This means
that if a smaller wg takes over, it switches over to
the next Stokes component faster, keeping the resulting
shift after a larger distance constant, independently of
which wg actually dominates. This shows that the de-
tailed process of the Stokes component switching with
a continuous range of transitions is of no great concern,
because the result is the same.

2.3. Intensity dependence

The small value of v means that the form of Gy
given by Eq. (1) is not strictly valid. Assuming that this
effect does not change the theoretical formulas com-
pletely, one can still use the treatment by Shen and
Bloembergen [39] and Shen [38] to find a more com-
plete description of the Raman signal. For a small wave
vector momentum mismatch along the light direction
(the z-direction)

Ak = 2kL(ac) - ks(z) - kas(z)-,
it is observed that the gain decreases linearly towards
zero as Ak — 0. The plots for this effect are given as
reduced plots in [39] and also in [23], where the scales
of both axes are in reduced quantities, relative to Ggs.
Because G is proportional to |Ep, |2, langer light inten-
sity increases G55 and thus moves a point on the curve
downwards, for constant Ak. This means that the rel-
ative gain decreases by the same factor, keeping the
real gain G constant. Thus, the gain G varies linearly
with the mismatch Ak. The gain G is then indepen-
dent of the light intensity for constant Ak in the region
of small momentum mismatch, which probably is the
interesting range for space. Because the value of G is
extremely large, as described above, the resulting gain
can still be substantial. The analysis in [38,39] shows
further that the anti-Stokes wave formed together with
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Fig.1. Block diagram of the experimental setup for a
transmission measurement. The RM cloud around the
hot emitter is indicated

the Stokes wave has lower intensity at relatively small
values of Ak.

3. RESULTS

3.1. Cold Rydberg matter in the laboratory

Rydberg matter can be produced by several tech-
niques in the laboratory in different surroundings and
from different starting materials [40]. Usually, the for-
mation process involves relatively high temperatures,
from 300 K up to 1500 K depending on the technique
used. This means that the RM produced is in an elec-
tronically excited state with the electron translation in
the RM clusters, above its ground state characterized
by a certain principal quantum number n. The reason
for the excitation is that the RM is formed in the exper-
iments by condensation of excited clusters, molecules,
and atoms in Rydberg states. The excess energy in the
RM clusters comes from the condensation energy and
from collisions with an excitation energy transfer from
the Rydberg species. However, a cooling process can be
applied to reach lower electronic temperatures. At the
RM densities of interest in space, the condensed phase
consists mainly of hexagonal planar clusters with the
magic number (number of members in a stable clus-
ter) N = 7,19, 37, 61, and 91 as observed experimen-
tally |7, 11].

In the present stimulated Raman experiment, an al-
most single-mode CW laser with mW power is used in
the IR range, with wr, close to 1100 cm™!. The slope of
the laser modes is approximately 7-1072 em™! -mA~!.
The setup is similar to the one used in [23,32] with
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Fig.2. Initial blueshift due to warm RM and final red-
shift due to cold RM of light from a diode laser at
1100 cm™! passing through the RM cloud. The lower
trace is taken with the RM emitter at room tempera-
ture, while the top one is after heating to 1240 K and
subsequent cooling, at the air pressure 10~ % mbar in
the RM chamber. Note the blueshift at 1240 K and the
redshift (rightshift) in the top curve. The same data
as in Ref. [32]

an air-spaced Fabry —Perot interferometer (FPI) with
ZnSe mirrors between the RM chamber and the de-
tector. A mirror is used inside the RM chamber to
reflect the laser beam passing below the RM emitter.
See Fig. 1. After formation, the RM cloud is allowed
to cool itself with the RM emitter turned off. The life-
time of RM in the laboratory under these conditions is
of the order of a few hours. As observed directly in laser
fragmentation experiments, the cold RM gives transla-
tional temperatures of a few K for large clusters [9, 11].
This cooling is probably driven by stimulated emission
in the IR range [29]. The result of this cooling process
is that a redshift of the light passing through the RM
cloud can be detected with the interferometer.

A typical result with blueshifting (leftshift) at high
emitter temperature due to the formation of a cloud of
warm RM is shown in Fig. 2. At the end of the experi-
ment, a redshift (rightshift) is observed after cooling of
the RM. A complete run with less blueshifting due to
colder RM (exhausted RM emitter) is shown in Fig. 3.
Time and FPI temperature are given in the Figure. A
temperature-stable (often water-cooled) FPI with an
Invar base, usually in a well insulated box was used,
with a free spectral range of 0.19 cm~!. The tempera-
ture coefficient of the FPI is determined to be less than
1.5-1072 em~! - K~'. This gives an elongation of the
cavity with increasing temperature and a drift of the
peaks (fringes) to the left in the Figure. Thus, the true
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Fig.3.  Redshift of light from a diode laser at
1100 cm™" passing through cold RM (in the top part
of the figure). Time and the temperature of the water
cooled interferometer base as well as the RM emitter
temperature are given. The experiment was done at
the air pressure 10~ ? mbar in the RM chamber. The
curves are consecutively shifted upwards to increase vis-
ibility

redshift in the figures (rightshift) is slightly larger than
directly observed because the temperature of the FPI
increased during the experiment. The redshift observed
is of the order of 0.02 cm™! for a passage with length
of the order of 25 cm through RM in a surrounding air
pressure of 10~* mbar. It is estimated that the density
of RM is close to the gas density in the chamber. This
gives a value of 10'® m~3 if RM fills the volume almost
completely, with the excitation level n = 80. Due to
the planar cluster structure of RM, a filling factor of
10 % is more likely, giving the density 10" m~2 in the
experiments.

A redshifting of the interferometer fringes can also
be observed with cold RM deposited on the inner sur-
face of the ZnSe window used in the RM chamber. The
window is antireflection-coated on the outer surface,
and the reflection on the inner surface is observed. This
effect was demonstrated in Ref. [32]. In this configura-
tion, only the evanescent wave interacts with the cold
RM on the inner surface. A similar configuration was
shown to work well in stimulated emission experiments
using RM [41], where the coupling to the external laser



L. Holmlid

MWKITD, Tom 127, Beim. 4, 2005

D
T
=
5 5
5 S
=
a
|

[\

i—l—
<
>

>
w
S

{
o
e
[\

o

=

ot
¥
o
oo
—

i

R

e G
G G T

{-l—
¢ <
>
R

Signal, arb. units
w
Y Jo
cif w
3§ %

g
=
w

<
i~
) w

[N]
NN N

{i_
e
o
&

X
=
w
[\

—_
T

{
I
o
St

eIl
e il

i(ik??iiiii

%}
I
g
| =

© £
=
=
w
S

Il Il Il Il Il Il Il Il
360 380 400 420 440 460 480 500
Laser current, mA
Fig.4. Redshift of light from a diode laser at
1100 cm™! reflected from a layer of RM on the inner
face of the vacuum window. Time and the temperature
of the FPI mirror holder and the RM emitter temper-
ature are given. The experiment was done at the air
pressure 1075 mbar in the RM chamber. The curves
are consecutively shifted upwards to increase visibility.
RM is slowly deexcited on the window when RM depo-
sition is cancelled (at room temperature)

cavity took place via the evanescent wave. The results
from a reflection experiment are shown in Fig. 4. The
noise in the signal is relatively high because just a frac-
tion of the laser beam intensity is reflected. The time
for the scans and the temperature of the mirror holder
in the FPI are shown. A redshift (rightshift) is seen,
caused by the deposition of RM on the window dur-
ing heating of the RM emitter. After return to room
temperature, the redshift gradually disappears and af-
ter two hours, the shift is zero. We note that the FPI
temperature is still higher than initially and that the
drift of the fringes due to temperature changes of the
FPI is thus small. A more complete discussion of the
influence of temperature changes of the FPI is given in
Ref. [32].

3.2. Cold Rydberg matter in space

In space, Rydberg matter can exist both at low tem-
peratures and very low densities, and at higher tem-
peratures of the order of 300-600 K and higher local
densities, for example, surrounding particles in inter-
stellar space. The excitation levels observed from the
so-called unidentified infrared bands [30] have the most
probable value close to n = 80. A comparison with the
parameter values appropriate for the laboratory studies
of cold RM shows that the density Ny is several orders
of magnitude smaller in space than in the laboratory
experiments. On the other hand, for visible light, the
wave number kg is approximately 50 times larger than
for the IR studies described here.

Equation (3) shows that a shift due to the stimu-
lated Raman effect exists if the product Gz is larger
than unity. With Eq. (1) used for G, and with rea-
sonable values also used for estimation of this factor
above, it is possible to find a condition on the electric
field strength of the light field. The distance covered
by light in space is denoted by [. Then the inequality

ks (92’ Ap
%) 2N (4)
8meye \dq /o ~ Nyl |FEr)

should be valid for the effect to exist. In this inequality,
the space-related quantities are collected in the right
hand side. The difference w; — w,; was replaced by ¢
Ap, where A7 is in wave numbers. Assuming conserva-
tively that v is as large as the upper experimental limit
found, 103 s~!, we find that the left-hand side is equal
to 2-10712 m® V2, with the other parameter values es-
timated as before. With the experimental values for the
study of the cold RM described here, A7 = 0.02 cm ™',
Ng=10"m™3 1 =025m, and E;, =90 V-m™!,
the right-hand side becomes 1-1072% m? - V2, This is
many orders of magnitude smaller than the left-hand
side, as required by Eq. (4). Because some of the quan-
tities are anyway somewhat uncertain, we may assume
that the right-hand side of Eq. (4) in space should
be as small as this value in the experiments. (This is
a very conservative estimate.) Then A7 ~ 10* cm™!
(the typical total summed shift in observations), Ng =
=105 m=2 [42], and | = 8 - 10® pc = 2.5-10%> m may
be used, giving E;, = 3-1073 V-m~!. The distance I
used is smaller than the radius of the observable uni-
verse by about a factor of ten. This gives the light
intensity 2 - 107® W - m~2 as the minimum intensity
required to make the stimulated Raman process work,
corresponding to the intensity of light from the Sun
at our nearest star o Centauri. This is a very conser-
vative estimate, based on the experimental results. If
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we instead use the condition that the right-hand side
in Eq. (4) should only be smaller than the estimated
value 2-107'2 m?.V—2 of the left-hand side, the required
light intensity may even be a factor of 10? smaller, thus
larger than 2-107'7 W-m~2 corresponding to the field
strength E; = 1077 V. m~!. This is the same as
the intensity of the light from the Sun at the distance
4-10* pc, i.e., on the other side of our galaxy. Thus, a
redshift due to stimulated Raman scattering develops
even at very large distances from the source.

3.3. Redshifts

It is possible that the stimulated Raman process
discussed here operates at the very low intensity lev-
els in space, due to the extreme properties of inter-
galactic RM. It is of course interesting to investigate
whether such an effect gives the behavior of ordinary
redshifts, for example, whether the shift varies correctly
with wavelength as

/\obs - /\em
Ta (5)

which should be constant for a certain astronomical ob-
ject independently of which spectral line is used for the
determination. Thus, it is required that relation (5) is
a constant, or that A\/\y, is a constant. This may be
compared with the predictions from stimulated Raman
theory. From Eq. (1), it follows that

wp—ws A=A A= AL AN

holds, or that the observed behavior of the redshift is
consistent with the stimulated Raman effect with a con-
stant gain factor. The G4, factor is not the real gain, as
shown in [39] and cited above, but it is modified to the
gain G that is nevertheless proportional to Gss. This
gain is constant independently of the shifting light in-
tensities, e.g., for different spectral lines with different
emitted intensities. Thus, the stimulated Raman effect
gives the correct observed behavior.

From the description given here, it is also clear that
the redshifting by the stimulated Raman process in RM
is an additive process, given by the distance covered by
light in the RM phase.

Ggs X

4. DISCUSSION

4.1. Quantum effects

The main effect that may prevent the stimulated
Raman effect from shifting the frequency of light con-
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tinuously, as described above, is the quantal nature of
excitations in the RM and the quantal nature of light.
A finite lower bound to the size of the possible exci-
tations in RM tends to prevent Gy, from reaching ex-
tremely large values, as can be seen from Eq. (1). The
experimental redshifts or blueshifts are not observed to
be quantized at a level of 1072 ¢cm ™! or larger. This
means that the quantum size is small. It is relevant to
note that quantized redshifts are in fact observed, both
for galaxies [1] and for quasars [2].

From the description in the theoretical section,
a lower limit of the size of the quantized shifts
could be 3-107% cm™'. The quantized redshifts for
nearby galaxies [1] instead suggest a quantum size of
6-1075 cm™! [3]. We use this value to make conserva-
tive estimates of the quantum effects. With the total
summed shift 10* em™! in the visible range, the total
number of shifts is then of the order 10°. If the dis-
tance traveled by the light is of the order of 10%° m,
this means a shift of 6-107% em~" per 610" m on av-
erage. Therefore, the shifts are very uncommon events.
If the number of shifts is 10°, the statistical variation
in this number, the square root of this, is 3 - 10* on
average. The statistical nature of the shifts is then
not observed, but all light is shifted the same amount
with an uncertainty of the order of 3-107°. This gives
0.3 cm~! in a total shift of 10* em~'. Typical uncer-
tainties in optical redshifts are £0.001 in z [43], giving
+20 em™! for a typical optical line. Thus, the width
of the observed lines are much larger than the widths
resulting from the statistics of the redshift quanta.

4.2. Cosmological arguments

In a recent book on cosmology [44], the four general
cases of possible explanations of the redshifts of distant
astronomical objects are summarized, with the fourth
possibility «interaction (scattering, absorption)» being
most relevant to the present discussion. It should be
noted that stimulated Raman scattering was not con-
sidered explicitly, but only more «normaly scattering
events were considered. The main arguments against
the interaction processes given in [4] are as follows:
a) the resulting redshift should have an exponential de-
pendence on distance, b) the redshift AX/\ would not
be independent of frequency, and c) a scattering process
would smear out the light from distant sources, which
is at variance with observations. The present model,
based on the known physics of stimulated Raman pro-
cesses, gives not an exponential but a linear dependence
of the redshift on distance. As shown above, the red-
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shift AX/A will be frequency-independent for the stim-
ulated Raman process. The stimulated Raman process
does not change the direction of light, and hence the
final argument against a scattering mechanism of the
stimulated Raman type is not valid either.

5. CONCLUSIONS

We conclude that the stimulated Raman mechanism
for redshifting radiation in RM in space is a possible
process to explain at least a part of the redshifts ob-
served from distant astronomical objects. It gives the
correct behavior, for example, concerning the frequency
variation, the distance variation, and the direction of
scattering. Further, the observed redshifts in cold RM
in the laboratory are recalculated to astronomical dis-
tances and found to easily cover the range of the ob-
served redshifts.
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