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REDSHIFTS IN SPACE CAUSED BY STIMULATED RAMANSCATTERING IN COLD INTERGALACTIC RYDBERG MATTERWITH EXPERIMENTAL VERIFICATIONL. Holmlid *Atmospheri
 S
ien
e, Department of Chemistry, Göteborg UniversitySE-412 96, Göteborg, SwedenSubmitted 23 September 2004The quantized redshifts observed from galaxies in the lo
al super
luster have re
ently been shown to be welldes
ribed by stimulated Stokes Raman pro
esses in intergala
ti
 Rydberg matter (RM). The size of the quanta
orresponds to transitions in the planar 
lusters forming the RM, of the order of 6 � 10�6 
m�1. A stimulatedStokes Raman pro
ess gives redshifts that are independent of the wavelength of the radiation, and allows theradiation to pro
eed without de�e
tion, in agreement with observation. Su
h redshifts must also be additiveduring the passage through spa
e. Rydberg matter is 
ommon in spa
e and explains the observed Faradayrotation in intergala
ti
 spa
e and the spe
tros
opi
 signatures named unidenti�ed infrared bands and di�useinterstellar bands. Rydberg matter was also re
ently proposed to be the baryoni
 dark matter. Experimentsnow show dire
tly that IR light is redshifted by a Stokes stimulated Raman pro
ess in 
old RM. Shifts of 0.02
m�1 are regularly observed. It is shown by detailed 
al
ulations based on the experimental results that theredshifts due to Stokes s
attering are of at least the same magnitude as observations.PACS: 42.65.Dr, 36.40.-
, 98.62.Py, 98.80.Es1. INTRODUCTIONThe redshifts observed from distant extragala
ti
sour
es in spa
e are quite intriguing, and their originhas been debated by many authors. The importantreports that the redshifts are quantized [1; 2℄ are atvarian
e with the a

epted interpretation of the red-shifts. The quantization of gala
ti
 redshifts was re-
ently shown to agree with the expe
ted stimulated Ra-man pro
ess in intergala
ti
 Rydberg matter (RM) [3℄.That intergala
ti
 matter exists at nonnegligible densi-ties is shown, for example, by the observation of a Fara-day rotation e�e
t at radiofrequen
ies in intergala
ti
spa
e [4℄. This e�e
t is well des
ribed by very low den-sities of RM, with its high ele
tron density and inherentmagneti
 �eld [5℄. It is also proposed that RM is the(baryoni
) dark matter in spa
e [6℄. The properties ofRM are su
h that it is an ex
ellent 
andidate for themissing dark matter. For example, a hydrogen atomin RM takes up a volume 5 � 1012 times larger than aground-state hydrogen atom.*E-mail: holmlid�
hem.gu.se

Rydberg matter is a spe
ial form of matter, whi
h isbuilt up of weakly intera
ting, highly ex
ited atoms ormole
ules in 
ir
ular, metastable Rydberg states. It hasmetalli
 properties due to the delo
alized ele
trons anda very low density under the 
onditions in spa
e. Wehave shown that low-density RM 
an be 
onvenientlystudied by laser fragmentation and time-of-�ight me-thods [7�9℄. Rydberg matter 
an be built up fromalkali atoms and also from small gas mole
ules likeH2 and N2 [8; 10; 11℄. It 
an also be formed from Hatoms [12; 13℄. The existen
e and stru
ture of RM waspredi
ted by Manykin, Ozhovan and Poluéktov [14; 15℄more than 20 years ago, and by 1991, the �rst exper-imental studies of a ma
ros
opi
 Cs Rydberg matterphase were performed [16; 17℄. These early studies ofRM have re
ently been independently 
on�rmed [18℄.Improved quantumme
hani
al 
al
ulations of the prop-erties of RM built up by Cs were also published [19; 20℄.Later, studies by time-of-�ight methods [7; 10; 21℄ iden-ti�ed the spe
ial planar 
luster shapes predi
ted by the-ory [22℄. The distan
e between the ions in the RM
an be measured by the repulsion energy released in723
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e is a few nm at the relatively low ex
ita-tion levels studied by this te
hnique.Due to the extremely large polarizability of RM,Raman spe
tros
opi
 studies will be very useful to �ndinformation on the properties of RM. A blueshift ofsingle-mode IR laser light passing through RM wasobserved and interpreted as an anti-Stokes stimulatedele
troni
 Raman e�e
t (ASERS) [23℄. Experimentshave also dire
tly observed anti-Stokes Raman s
atter-ing from RM surfa
e layers. Transitions in K Ryd-berg atoms [24℄ and bands from H2 and other smallmole
ules, and bands from transitions in the RM [25℄were observed. The stimulated Raman e�e
t was alsoused in a mi
ro-Raman spe
tros
opy study of the in-tera
tion of water mole
ules with one of the solid ma-terials used to emit RM in laboratory [26℄. A re-
ent study interpreted the intera
tion observed betweenlaser modes observed in transmission and re�e
tion ofIR lasers in RM as being due to the stimulated Ramane�e
t [27℄. Another method re
ently employed for thestudy of RM is stimulated emission, whi
h works welldue to extremely long lifetimes of the ele
troni
ally ex-
ited states in RM. In fa
t, the �rst thermally ex
itedlaser was re
ently 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 expe
ted in RM.The lifetime of RM is very long in spa
e, whi
hallows its rate of formation to be very low. Extrapola-tion from the theoreti
al results in [20℄ gives a radiativelifetime of undisturbed RM of the order of the lifetimeof the universe. That RM is a 
ommon type of mat-ter in spa
e is shown by the interpretation [30℄ of theunidenti�ed infrared bands (UIR, UIB) as being due totransitions in RM, in fa
t, the same transitions exper-imentally studied by stimulated emission [29℄ and bya few stimulated Raman experiments [24,25℄. Furthereviden
e 
omes from the Faraday rotation observationsin intergala
ti
 spa
e and their interpretation as be-ing due to RM [5℄. More eviden
e also exists. A largenumber (at least 60) of the so-
alled di�use interstellarbands (DIBs) have been 
al
ulated a

urately using atheory based on the RM 
on
ept [31℄.Be
ause the 
ondu
tion band in RM is not �lled, al-most 
ontinuous ele
troni
 ex
itations are possible. Ina stimulated ele
troni
 Raman pro
ess, a photon gainsor loses some energy from the intera
tion with matter,and RM may then 
hange the frequen
y of radiationpassing through it by very small amounts, in the formof a red or blue shift (Stokes or anti-Stokes shifts) ofthe radiation. A blueshift was observed in the exper-

iments in [23℄, where the RM used was ele
troni
allyex
ited by its formation pro
ess and by the high tem-perature of the surrounding equipment. This shift isexpe
ted to 
hange to a redshift as in Stokes s
atteringin 
old RM in spa
e. Further experiments using thesame te
hnique have re
ently been published [32℄. Inthat study, redshifts were observed in re�e
tion froma layer of 
old RM deposited on a window. We nowdemonstrate dire
tly that a redshift is observed in 
oldRM even in transmission. Redshifts of the radiationfrom distant galaxies are found from the intera
tionbetween radiation and RM, as explained in [3℄.2. THEORYIn what follows, the term light is used for simpli
ityin many pla
es where the term ele
tromagneti
 radia-tion 
ould be used instead.2.1. Estimated gainAn important pro
ess for the intera
tion betweenlight and RM is the stimulated ele
troni
 Ramans
attering of the Stokes or anti-Stokes type (SERS,ASERS) [33℄. Anti-Stokes Raman s
attering and sim-ilar pro
esses in RM have been observed in di�erenttypes of experiments [24; 25; 34℄, even at low light in-tensities [23; 26; 27℄. For 
old ground-state RM, Stokess
attering should be observed instead. There is nophase mat
hing 
ondition for this type of pro
ess [33℄,and the Raman-s
attered light pro
eeds in the samedire
tion as the in
ident light.It is ne
essary to estimate the magnitude of thestimulated Raman e�e
t in the 
ase of an RM mate-rial. For this, we use the ordinary 
lassi
al steady-stategain fa
tor derived for mole
ular vibrational transi-tions. The formulas are given for the Stokes s
attering,whi
h is the 
ase of interest for astrophysi
al pro
esses.The equations are identi
al in form for the anti-Stokes(as) and Stokes (s) 
ases. The in
ident light frequen
yis !L and the generated Stokes wave has a frequen
y!s. The di�eren
e !L � !s = !Eis the resulting ele
troni
 ex
itation in the RM mate-rial. For the Stokes wave, the steady-state gain fa
torGss at its maximum is given by [35℄Gss = Ndks8m�
(!L � !s) ����q �20 jELj2 : (1)724
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e 
aused by stimulated Raman s
attering : : :In this expression Nd is the density of the dipoles 
re-ated by the in
ident light wave, here 
hosen to 
or-respond to the number of ele
trons in the RM; ks isthe wave number for the Stokes wave; m is the massof the driven os
illator, in this 
ase one ele
tron mass;� = �r�0 is the permittivity of the medium, whi
h isunknown but probably has �r of the order of unity; 
is the 
oupling 
onstant for the ele
troni
 ex
itationin the intermediate state to other degrees of freedom;��=�q is the variation of the polarizability with the 
o-ordinate des
ribing the ex
ited motion, here the ele
-troni
 motion; and EL is the ele
tri
 �eld strength ofthe in
ident light.The gain fa
torGss 
an be large even at low light in-tensities due to the very large polarizability of the RMand an arbitrarily small value of the di�eren
e !L�!s.The reason for this small value is the almost 
ontinu-ous nature of the energy levels in RM. Another fa
tor ofgreat importan
e is the 
oupling (dephasing) 
onstant
, whi
h is mu
h smaller than in the 
ase of ordinarymatter be
ause the 
oupling of the ele
troni
 motion inRM to other modes of motion is weak. From the exper-iments with IR lasers, it was 
on
luded that 
 is of theorder of 103 s�1 or smaller [23℄. This would give a lowerlimit on the magnitude of the ele
troni
 ex
itations interms of wave numbers from
�~� = !E � 
 as �~� � 3 � 10�8 
m�1:The quantized redshifts interpreted in [3℄ give�~� � 6 � 10�6 
m�1in agreement with the experimentally found lower limitfor 
. We use this value as a reasonable quantum mag-nitude of the ele
troni
 ex
itation in RM above ea
hmetastable state with a 
ertain ex
itation level n. Life-time measurements of RM both at 77 K [36℄ and at800 K [16; 37℄ and 
al
ulations at low ex
itation lev-els [20℄ seem to indi
ate a mu
h smaller value, maybeof the order of 10�3 s�1 [23; 34℄. However, these life-times probably 
orrespond to deex
itation from an ex-
itation level n down to the fully disso
iated groundstate 
onsisting of separate atoms or mole
ules.To estimate reasonable values of the quantities inEq. (1), we use a phase of RM with the ex
itation staten = 80, whi
h is the average value dedu
ed from thestudy in [30℄. Ea
h Rydberg atom is then 
onsidereda polarizable parti
le. With interatomi
 distan
es of0.5 �m at n = 80, the density is found to be approxi-mately 1018 m�3. The wave number ks is of the orderof 2 � 104 
m�1 or 2 � 106 m�1 in the visible range, andthe di�eren
e of the frequen
ies !L � !s is assumed to

be 10�6 
m�1 or 10�4 m�1. In fa
t, with RM this valueis probably even smaller. The mass m is the ele
tronmass and � is the diele
tri
 
onstant �r times �0. Thepolarizability variation ��=�q is estimated as the vol-ume added for a 
hange in the radial distan
e for theRydberg ele
tron (times �0 to give the right dimension)and be
omes 4:4�10�24 As �m � V�1. Finally, the �eldstrength due to light is estimated for the power density1 mW � 
m�2, giving E = 90 V �m�1. This givesGss = 3 � 1017�r
 m-1 (2)with 
 in s�1 and �r of the order of unity. Even forrather large values of 
, the Gss fa
tor is large, whi
hmeans that the stimulated Raman e�e
t is strong andan e�
ient 
onversion to the Stokes wave takes pla
ein a short distan
e. It may be assumed that 
 is ofthe order of 103 s�1. This means that the Gss fa
tor isvery large and gives rise to a strong stimulated e�e
tby the equation for the Stokes �eld strength [33; 35℄Efs = Es(0) exp(Gssx); (3)where the index f indi
ates a forward wave, Es(0) isthe Stokes wave at position zero (noise photons), andx is the distan
e along the laser beam. Thus, it is obvi-ous that stimulated Raman e�e
ts should be observableeven for low light intensities, espe
ially if x is very largeas in intergala
ti
 spa
e.2.2. Continuous ex
itationsThe form of Eq. (1) is best suited for mole
ular vi-brational Raman problems. Other forms of this equa-tion exist (as, e.g., in [38℄) whi
h in general are bettersuited for ele
troni
 ex
itations. However, the theoryof RM shows that the delo
alized ele
trons, as in or-dinary Rydberg states, are 
lose to the 
lassi
al limit.For example, in [22℄, the bond energies and ele
troni
levels of RM are 
al
ulated from ele
trostati
 formulas,only with the addition of the ele
tron 
orrelation as aquantum me
hani
al e�e
t. The transitions of interesthere, between translational states of the RM ele
tronsin the RM 
lusters, have very small quanta and arealmost 
lassi
al in nature. This means that a des
rip-tion of the intera
tion between the light wave and themole
ular system in terms of motion of point parti
les,like in the vibrational Raman transitions, is quite welladapted to the RM ele
troni
 ex
itations.In the 
ase of stimulated Raman s
attering, well-de-�ned Raman transitions are normally studied, and nota 
ontinuous range of wave numbers !E . Be
ause one725
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y usuallydominates and gives the Raman wave, it is not dire
tly
lear what happens if a range of transitions is possible.In the present 
ase, 
onse
utive Stokes 
omponents willto be formed along the laser beam, as shown, for ex-ample, in [33,39℄. If a range of frequen
ies is possible,this 
ould be thought to lead to a broadening of theStokes wave ve
tor, and a less well-de�ned stimulatedRaman appearan
e. From Eq. (3), however, one 
ansee that the swit
h from one Stokes 
omponent to thenext o

urs when the exponent Gssx is large enough.Be
ause Gssx / x!E ;a smaller value of !E gives the same value of the expo-nent in a proportionally shorter distan
e x. This meansthat if a smaller !E takes over, it swit
hes over tothe next Stokes 
omponent faster, keeping the resultingshift after a larger distan
e 
onstant, independently ofwhi
h !E a
tually dominates. This shows that the de-tailed pro
ess of the Stokes 
omponent swit
hing witha 
ontinuous range of transitions is of no great 
on
ern,be
ause the result is the same.2.3. Intensity dependen
eThe small value of 
 means that the form of Gssgiven by Eq. (1) is not stri
tly valid. Assuming that thise�e
t does not 
hange the theoreti
al formulas 
om-pletely, one 
an still use the treatment by Shen andBloembergen [39℄ and Shen [38℄ to �nd a more 
om-plete des
ription of the Raman signal. For a small waveve
tor momentum mismat
h along the light dire
tion(the x-dire
tion)�k = 2kL(x) � ks(x) � kas(x);it is observed that the gain de
reases linearly towardszero as �k ! 0. The plots for this e�e
t are given asredu
ed plots in [39℄ and also in [23℄, where the s
alesof both axes are in redu
ed quantities, relative to Gss.Be
auseGss is proportional to jELj2, langer light inten-sity in
reases Gss and thus moves a point on the 
urvedownwards, for 
onstant �k. This means that the rel-ative gain de
reases by the same fa
tor, keeping thereal gain G 
onstant. Thus, the gain G varies linearlywith the mismat
h �k. The gain G is then indepen-dent of the light intensity for 
onstant �k in the regionof small momentum mismat
h, whi
h probably is theinteresting range for spa
e. Be
ause the value of Gss isextremely large, as des
ribed above, the resulting gain
an still be substantial. The analysis in [38,39℄ showsfurther that the anti-Stokes wave formed together with
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atedthe Stokes wave has lower intensity at relatively smallvalues of �k. 3. RESULTS3.1. Cold Rydberg matter in the laboratoryRydberg matter 
an be produ
ed by several te
h-niques in the laboratory in di�erent surroundings andfrom di�erent starting materials [40℄. Usually, the for-mation pro
ess involves relatively high temperatures,from 300 K up to 1500 K depending on the te
hniqueused. This means that the RM produ
ed is in an ele
-troni
ally ex
ited state with the ele
tron translation inthe RM 
lusters, above its ground state 
hara
terizedby a 
ertain prin
ipal quantum number n. The reasonfor the ex
itation is that the RM is formed in the exper-iments by 
ondensation of ex
ited 
lusters, mole
ules,and atoms in Rydberg states. The ex
ess energy in theRM 
lusters 
omes from the 
ondensation energy andfrom 
ollisions with an ex
itation energy transfer fromthe Rydberg spe
ies. However, a 
ooling pro
ess 
an beapplied to rea
h lower ele
troni
 temperatures. At theRM densities of interest in spa
e, the 
ondensed phase
onsists mainly of hexagonal planar 
lusters with themagi
 number (number of members in a stable 
lus-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 inthe IR range, with !L 
lose to 1100 
m�1. The slope ofthe laser modes is approximately 7 �10�3 
m�1 �mA�1.The setup is similar to the one used in [23; 32℄ with726
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an alsobe observed with 
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e of the ZnSe window used in the RM 
hamber. Thewindow is antire�e
tion-
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e,and the re�e
tion on the inner surfa
e is observed. Thise�e
t was demonstrated in Ref. [32℄. In this 
on�gura-tion, only the evanes
ent wave intera
ts with the 
oldRM on the inner surfa
e. A similar 
on�guration wasshown to work well in stimulated emission experimentsusing RM [41℄, where the 
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avity took pla
e via the evanes
ent wave. The resultsfrom a re�e
tion experiment are shown in Fig. 4. Thenoise in the signal is relatively high be
ause just a fra
-tion of the laser beam intensity is re�e
ted. The timefor the s
ans and the temperature of the mirror holderin the FPI are shown. A redshift (rightshift) is seen,
aused by the deposition of RM on the window dur-ing heating of the RM emitter. After return to roomtemperature, the redshift gradually disappears and af-ter two hours, the shift is zero. We note that the FPItemperature is still higher than initially and that thedrift of the fringes due to temperature 
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omplete dis
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e of temperature 
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3.2. Cold Rydberg matter in spa
eIn spa
e, Rydberg matter 
an exist both at low tem-peratures and very low densities, and at higher tem-peratures of the order of 300�600 K and higher lo
aldensities, for example, surrounding parti
les in inter-stellar spa
e. The ex
itation levels observed from theso-
alled unidenti�ed infrared bands [30℄ have the mostprobable value 
lose to n = 80. A 
omparison with theparameter values appropriate for the laboratory studiesof 
old RM shows that the density Nd is several ordersof magnitude smaller in spa
e than in the laboratoryexperiments. On the other hand, for visible light, thewave number ks is approximately 50 times larger thanfor the IR studies des
ribed here.Equation (3) shows that a shift due to the stimu-lated Raman e�e
t exists if the produ
t Gssx is largerthan unity. With Eq. (1) used for Gss and with rea-sonable values also used for estimation of this fa
torabove, it is possible to �nd a 
ondition on the ele
tri
�eld strength of the light �eld. The distan
e 
overedby light in spa
e is denoted by l. Then the inequalityks8m�

 ����q �20 � �~�Ndl jELj2 (4)should be valid for the e�e
t to exist. In this inequality,the spa
e-related quantities are 
olle
ted in the righthand side. The di�eren
e !L � !s was repla
ed by 
�~�, where �~� is in wave numbers. Assuming 
onserva-tively that 
 is as large as the upper experimental limitfound, 103 s�1, we �nd that the left-hand side is equalto 2�10�12 m3 V�2, with the other parameter values es-timated as before. With the experimental values for thestudy of the 
old RM des
ribed here, �~� = 0.02 
m�1,Nd = 1017 m�3, l = 0:25 m, and EL = 90 V � m�1,the right-hand side be
omes 1 � 10�20 m3 �V�2: This ismany orders of magnitude smaller than the left-handside, as required by Eq. (4). Be
ause some of the quan-tities are anyway somewhat un
ertain, we may assumethat the right-hand side of Eq. (4) in spa
e shouldbe as small as this value in the experiments. (This isa very 
onservative estimate.) Then �~� � 104 
m�1(the typi
al total summed shift in observations), Nd == 106 m�3 [42℄, and l = 8 � 108 p
 = 2:5 � 1025 m maybe used, giving EL = 3 � 10�3 V �m�1. The distan
e lused is smaller than the radius of the observable uni-verse by about a fa
tor of ten. This gives the lightintensity 2 � 10�8 W � m�2 as the minimum intensityrequired to make the stimulated Raman pro
ess work,
orresponding to the intensity of light from the Sunat our nearest star � Centauri. This is a very 
onser-vative estimate, based on the experimental results. If728



ÆÝÒÔ, òîì 127, âûï. 4, 2005 Redshifts in spa
e 
aused by stimulated Raman s
attering : : :we instead use the 
ondition that the right-hand sidein Eq. (4) should only be smaller than the estimatedvalue 2�10�12 m3�V�2 of the left-hand side, the requiredlight intensity may even be a fa
tor of 109 smaller, thuslarger than 2 �10�17 W �m�2 
orresponding to the �eldstrength EL = 10�7 V � m�1. This is the same asthe intensity of the light from the Sun at the distan
e4 � 104 p
, i.e., on the other side of our galaxy. Thus, aredshift due to stimulated Raman s
attering developseven at very large distan
es from the sour
e.3.3. RedshiftsIt is possible that the stimulated Raman pro
essdis
ussed here operates at the very low intensity lev-els in spa
e, due to the extreme properties of inter-gala
ti
 RM. It is of 
ourse interesting to investigatewhether su
h an e�e
t gives the behavior of ordinaryredshifts, for example, whether the shift varies 
orre
tlywith wavelength asz = �obs � �em�em ; (5)whi
h should be 
onstant for a 
ertain astronomi
al ob-je
t independently of whi
h spe
tral line is used for thedetermination. Thus, it is required that relation (5) isa 
onstant, or that ��=�L is a 
onstant. This may be
ompared with the predi
tions from stimulated Ramantheory. From Eq. (1), it follows thatGss / ks!L � !s / ��1s��1L � ��1s = �L�s � �L = �L�� (6)holds, or that the observed behavior of the redshift is
onsistent with the stimulated Raman e�e
t with a 
on-stant gain fa
tor. The Gss fa
tor is not the real gain, asshown in [39℄ and 
ited above, but it is modi�ed to thegain G that is nevertheless proportional to Gss. Thisgain is 
onstant independently of the shifting light in-tensities, e.g., for di�erent spe
tral lines with di�erentemitted intensities. Thus, the stimulated Raman e�e
tgives the 
orre
t observed behavior.From the des
ription given here, it is also 
lear thatthe redshifting by the stimulated Raman pro
ess in RMis an additive pro
ess, given by the distan
e 
overed bylight in the RM phase.4. DISCUSSION4.1. Quantum e�e
tsThe main e�e
t that may prevent the stimulatedRaman e�e
t from shifting the frequen
y of light 
on-

tinuously, as des
ribed above, is the quantal nature ofex
itations in the RM and the quantal nature of light.A �nite lower bound to the size of the possible ex
i-tations in RM tends to prevent Gss from rea
hing ex-tremely large values, as 
an be seen from Eq. (1). Theexperimental redshifts or blueshifts are not observed tobe quantized at a level of 10�2 
m�1 or larger. Thismeans that the quantum size is small. It is relevant tonote that quantized redshifts are in fa
t observed, bothfor galaxies [1℄ and for quasars [2℄.From the des
ription in the theoreti
al se
tion,a lower limit of the size of the quantized shifts
ould be 3 � 10�8 
m�1. The quantized redshifts fornearby galaxies [1℄ instead suggest a quantum size of6 � 10�6 
m�1 [3℄. We use this value to make 
onserva-tive estimates of the quantum e�e
ts. With the totalsummed shift 104 
m�1 in the visible range, the totalnumber of shifts is then of the order 109. If the dis-tan
e traveled by the light is of the order of 1025 m,this means a shift of 6 �10�6 
m�1 per 6 �1015 m on av-erage. Therefore, the shifts are very un
ommon events.If the number of shifts is 109, the statisti
al variationin this number, the square root of this, is 3 � 104 onaverage. The statisti
al nature of the shifts is thennot observed, but all light is shifted the same amountwith an un
ertainty of the order of 3 � 10�5. This gives0.3 
m�1 in a total shift of 104 
m�1. Typi
al un
er-tainties in opti
al redshifts are �0:001 in z [43℄, giving�20 
m�1 for a typi
al opti
al line. Thus, the widthof the observed lines are mu
h larger than the widthsresulting from the statisti
s of the redshift quanta.4.2. Cosmologi
al argumentsIn a re
ent book on 
osmology [44℄, the four general
ases of possible explanations of the redshifts of distantastronomi
al obje
ts are summarized, with the fourthpossibility �intera
tion (s
attering, absorption)� beingmost relevant to the present dis
ussion. It should benoted that stimulated Raman s
attering was not 
on-sidered expli
itly, but only more �normal� s
atteringevents were 
onsidered. The main arguments againstthe intera
tion pro
esses given in [4℄ are as follows:a) the resulting redshift should have an exponential de-penden
e on distan
e, b) the redshift ��=� would notbe independent of frequen
y, and 
) a s
attering pro
esswould smear out the light from distant sour
es, whi
his at varian
e with observations. The present model,based on the known physi
s of stimulated Raman pro-
esses, gives not an exponential but a linear dependen
eof the redshift on distan
e. As shown above, the red-729
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y-independent for the stim-ulated Raman pro
ess. The stimulated Raman pro
essdoes not 
hange the dire
tion of light, and hen
e the�nal argument against a s
attering me
hanism of thestimulated Raman type is not valid either.5. CONCLUSIONSWe 
on
lude that the stimulated Raman me
hanismfor redshifting radiation in RM in spa
e is a possiblepro
ess to explain at least a part of the redshifts ob-served from distant astronomi
al obje
ts. It gives the
orre
t behavior, for example, 
on
erning the frequen
yvariation, the distan
e variation, and the dire
tion ofs
attering. Further, the observed redshifts in 
old RMin the laboratory are re
al
ulated to astronomi
al dis-tan
es and found to easily 
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