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Introduction: General properties of Lyman forests of quasars.

This paper uses data selected by astrophysicists to find by spectroscopy properties of the source of light.

Our interpretations are mainly different from theirs by the employment of coherence of light-matter interactions in a collisionless pure gas, as assumed by Einstein in theory which founds lasers [START_REF] Einstein | Zur Quantentheorie der Strahlung[END_REF]. Indeed, in despite of discovery of gas lasers, most astrophysicists continue to follow Menzel's point of view that light-matter interactions in low pressure gas are incoherent while they are perfectly coherent. Optical coherence of interactions between light and low pressure gas is not only a consequence of thermodynamics, but also observed, for instance, in stratosphere: incoherent scattering which produces blue sky disappears where free path time of molecules becomes larger than duration of light pulses making ordinary, temporally incoherent light.

Redshift Z = Z (ν emit ,ν obs ) of a spectral line emitted by a star is defined as ratio of emitted frequency to observed frequency, minus one. G. Burbidge [START_REF] Burbidge | The distribution of redshifts in quasi-stellar objects, nsystems and some radio and compact galaxies[END_REF] found that redshifts Z(n) of quasars he selected obey formula Z(n) = 0, 061n, where allowed values of n are 1, 3, 4, 6, 7, 9, 10, . . . . Burbidge's conclusions were careful because this result required a questionable selection of few observations. Using Rydberg's formula, Burbidge's redshifts Z(3) and Z(4) bring respectively β end γ Lyman frequencies of H atom to α frequency [START_REF] Moret-Bailly | The parametric light-matter interactions in astrophysics[END_REF]:

Z (β,α) = ν β -ν α ν α ≈ (1 -1/3 2 ) -(1 -1/2 2 ) 1 -1/2 2 ≈ 5/27 ≈ (1) 
≈ 0.1852 ≈ 3 * 0.0617;

(2)

Z (γ,α) = ν γ -ν α ν α ≈ (1 -1/4 2 ) -(1 -1/2 2 ) 1 -1/2 2 = (3) = 1/4 = 0.025 = 4 * 0.0625; (4) 
Absence of n=2 and n=5 in Burbidge's result is not a coincidence if redshifts result from a spectroscopic interaction involving redshifts from β or γ lines of atomic hydrogen to α line. K. G. Karlsson [START_REF] Karlsson | Possible discretization of quasar redshifts[END_REF][START_REF] Karlsson | Quasar redshifts and nearby galaxies[END_REF] introduced a periodicity 0.089 of decimal logarithms of (1 + Z) in his study of spectra of quasars. We remark that this periodicity corresponds to a multiplication of all frequencies of a spectrum by 1.23, as by a Doppler frequency shift. Multiplication of Lyman α frequency of H by 1.23 gives Lyman γ frequency.

Burbidge's and Karlsson's conclusions were criticized because they required a strong selection of neighborhood of quasars [START_REF] Kjaergaard | On the periodicity in the distribution of quasar redshifts[END_REF][START_REF] Tang | Critical examinations of qso redshift periodicities and associations with galaxies in sloan digital sky survey data[END_REF].

Studying a Lyman forest of quasar, P. Petitjean [8] assigned the name "redshifted Lyman α line of H atom" to many sharp, saturated absorption lines, and he found, at laboratory frequency, Lyman α and β lines. But he did not find any (shifted or not) Lyman γ line. In fact, it is impossible to observe an absorption line at Lyman γ frequency, because, this frequency is too hight, out of redshifted emission of quasars.

When a Lyman α line of H atom is absorbed, Lyman β and γ must be also absorbed (if there is absorbable energy at their frequencies). Applying this result to shifted or not α lines, we found other so-called alpha lines ! Using an exact superposition of sharp lines, this result is more reliable than statistical results of previous authors. Thus, three different studies lead to a common result: Spectroscopy of H atom appears implied in redshifts of quasars.

2 Conditions for an interaction of light emitted by an observed star with matter.

Spatial coherence.

So that an image of star remains sharp in despite of an interaction with matter, wave surfaces must be preserved, that is interaction of light with matter must be spatially coherent. Einstein's theory [START_REF] Einstein | Zur Quantentheorie der Strahlung[END_REF] of coherent light-matter interactions shows that interacting molecules must be in large sets of identical molecules. States of colliding molecules depend on many time-dependant parameters, so that spectra of colliding molecules, therefore Raman emissions, are all differents, while Rayleigh are not. Thus, a full coherent interaction of light with a gas requires a low pressure, with an exception for Rayleigh scatterings which produce refraction.

Model of Lyman forest of a quasar surrounded exclusively by hydrogen.

Following properties of "Ly α forest" are directly deduced from Petitjean's paper [8]: A "Lyman forest" is built by absorption of thermal emission of an extremely hot star by relatively cold (≈ 2000 -50000K), low pressure, thus non-excited, atomic hydrogen. Absorbed lines making "Lyman forests" are distinguished from usual lines by their sharpness and their saturation.

Observations of a Lyman forest shows that: -A-As lines are sharp, widening of lines by collisions must be negligible, pressure of gas must be very low.

-B-To obtain absorptions of Lyman lines at many frequencies, redshift processes of electromagnetic waves are necessary. In a first approximation, we assume that redshifts multiply all frequencies of light by a constant lower than one. It is the rule for Doppler and cosmological redshifts.

-C-A single Ly β is observed, unshifted; no unshifted Ly γ appears because it does not remain absorbable energy at high frequencies after redshifts of thermal emission profile.

Absence of an absorption line may result from : -a-Absence of emitted energy around frequency of line. It explains absence of non-shifted Ly γ absorbed line.

-b-A permanent, fast shift of light frequencies dilutes absorption, so that all absorbed (or emitted) lines have width of shift and lines are weak, not observable. Accordingly, absorption (or emission) of sharp lines requires extremely slow frequency shifts.

-c-Accurate superposition of observed lines results from the choice of redshift equations: Absence of shifted β and γ lines while so-called sharp α lines are observed, is due to a shift of frequencies of these lines to frequencies of differently shifted α lines.

In standard theory, sharpness of saturated absorbed lines requires contradictory conditions:

-Column density of gas must be large for saturation; -Absorbing gas must be thin to avoid a broadening of lines by frequency shift during absorption; -Pressure of gas must be low to avoid collisional broadening of line. Thus gas must be in filaments which are only detected on rays of observation of quasars.

Supposing that redshift is related to a physical property of gas, the condition for hiding an absorbed line under an α line is:

-Light is redshifted until an absorbed line reaches Lyman α frequency, that is until generation of 2P hydrogen requiring Lyman α absorption disappears. Rules used to build spectrum taking into account only hydrogen atoms are simple :

Building of spectrum.

-i -At start, close to star, we suppose that α, β and γ lines have been absorbed.

End of star emission

Initial absorption → First redshift --> -ii -It appears a frequency shift until an absorbed line of initial frequency ν reaches ν α frequency. Thus all absorbed frequencies have been multiplied by ν α /ν, coefficent lower than 1; this provides Karlsson's result. In pure atomic hydrogen ν may be ν β or ν γ , assuming that higher frequency lines are too weak; this provides Burbidge's result.

-iii -During stop of frequency shift, the three main lines of H could be absorbed, but there remains no energy at Ly α frequency.

-iv -During the stop which corresponds to absence of energy at α frequency, Ly β absorption excites H atoms to 3P state, weak catalyst of a very weak redshift. During this negligible redshift, gas lines are visibly absorbed. If weak redshift is able to shift absorbed frequencies off Ly α absorption line before full absorption of light at Ly β frequency, fast redshift restarts, return to -ii -for a new cycle. Else there is no more redshift, absorbed Ly β line is visible, but Ly γ line is probably not because its frequency is probably larger than the shifted high frequency limit of emission of star.

In pure H, total redshift results from several relative shifts Z β,α and Z γ,α which correspond to multiplication of light frequencies by ν α /ν β or ν α /ν γ .

Computed lower frequencies written on figure are not very good. They can be corrected by multiplication by a unique dispersion function F (ν) equal to 1 at ν α frequency. F(ν) may be measured from a quasar spectrum, from its direct observation on shifted multiplets emitted by the core of quasars, by laboratory measure or ab initio computation of dispersion of hyperfine polarizabilities of H atom.

Physical interpretation of interaction of light

with nebula close to quasar

Impulsive Stimulated Raman Scattering (ISRS).

Assume that redshifts are produced by low pressure, relatively cold hydrogen, so that atoms are free and in their ground state 1S.

To modify frequencies, interactions must involve several levels of atom. Such Raman interactions of light with matter were proposed by Jean-Claude Pecker.

If wavelengths of exciting light and Raman coherently scattered light are different, a phaseshift appears along rays of light, so that phases of scattered fields are shifted, become opposite, destroy. To avoid this destruction, ordinary and extraordinary refractions of an optically anisotropic crystal are used. This is not possible in a gas.

The trick needed in gas is cutting light into pulses: this increases line spectral profile of exciting and scattered lights, so that a common zone of equal frequencies may interfere into a single, frequency shifted beam. This is named "Impulsive Stimulated Raman Scattering" (ISRS), much used in chemistry to follow evolutions of reactions. Usually, experiments use 10 femtosecond pulses of lasers.

G. L. Lamb [START_REF] Lamb | Analytical description of ultra-short optical pulse propagation in a resonant medium[END_REF] wrote conditions for observation of ISRS: "The length of pulses must be shorter than all involved time constant". Temporally incoherent usual, thermal origin light is made of nanosecond pulses, k ≈ 10 5 times longer than pulses commonly used in laboratory ISRS. This factor k decreases ISRS in several ways:

-Collisional time of atoms must be increased by factor k, thus pressure must be decreased;

-Raman resonance period must be decreased by k, which has two consequences:

-Raman shift is decreased and -difference of populations between levels involved in Raman resonance is decreased.

Thus, compared to a lab experiment, frequency shift is roughly decreased by a factor k 3 = 10 15 : observation of ISRS with natural light requires very long paths available only in space.

Coherent Raman Effects on temporally Incoherent Light (CREIL).

An other problem is that resonant Raman levels excited by studied ISRS cannot be de-excited by too rare collisions. Happily, there are other ISRS which blueshift background thermal radiation. Excitation of hyperfine levels becomes stable, so that H atoms make a catalyst. Thus, several ISRS are bound into a "parametric interaction". This interaction is named: "Coherent Raman Effects on Incoherent Lights" (CREIL). CREIL could increase, by frequency shifts, the entropy of other systems of light beams, temperature of which being deduced by Planck's law from radiance and frequency. Variations of energy correspond to variations of frequencies.

Lamb's condition il fulfilled by resonance frequencies, periods of which are longer than one nanosecond (1ns) length of light pulses, that is for quadrupolar resonance frequencies lower than 1 GHz.

In H atom: ν= 1420 MHz (T=0.7ns, λ =21cm) resonance in ground state (1S) is too high to catalyze a CREIL; on the contrary 178 MHz (T=5.6 ns, λ =1,7 m) in state 2S 1/2 , 59 Mhz (T=17 ns, λ = 5 m) in 2P 1/2 and 24 MHz (T=42 ns, λ = 12 m) in 2P 3/2 provide a CREIL. In higher states, quadrupolar (spin) resonances have much lower frequencies, so that their CREIL are lower.

Atoms able to catalyze CREIL may be obtained by heating low pressure H over ≈ 50 000K, or pumping cold atoms 1S to 2P by radiation at Lyman α frequency. This last condition is the key of Z (β,α) (resp. Z (γ,α) ) redshifts: Assume that a continuous spectrum light propagates in cold, low pressure atomic gas. Light at Lyman α frequency pumps atoms from 1S to 2P state, so that CREIL redshifts light: energy at Lyman α frequency is renewed by redshift of all light frequencies, CREIL and redshift are permanent except if an absorbed line reaches α frequency. Where redshift stops, the spectrum of local gas is written into light. Remark that absorptions during redshift make very broad and very weak, invisible lines.

In pure hydrogen, after fundamental redshifts Z (β,α) or Z (γ,α) of spectrum previously written into light, redshift stops while new β and γ lines are absorbed, written saturated into light.

Hyperfine frequencies of levels reached by Lyman β pumping from 1S to 3P state are much lower than in 2P state, they provide a weak shift which restarts the previous cycle, except if the fall of emission by the source at high frequencies, forbids a restart of a cycle before total absorption of β line. Thus the last cycle is full.

Is the first cycle full ? Probably often, but it is difficult to find a sure answer: For instance, the start of the first cycle may appear in a region hot enough to provide excited hydrogen without Lyman α pumping. This explains the need of a selection of quasars to obtain some observed redshifts.

Lines found in figure 1 appear in real spectra, after a correction of their frequencies by the factor F (ν). But many lines have an other origin: Hydrogen is not pure in nebulae, some local molecules may have, at frequencies higher than ν α strong absorption lines able to play the role of Ly β and Ly γ , multiplying density of lines. Thus, figures much more complex than fig. 1 are drawn.

Structuring space.

Along path of light, light is sometimes redshifted by pumped H atoms, sometimes not. Thus space is divided into regions where generated 2P atoms shift light frequencies, and regions in which there is no 2P atoms and no frequency shift. As quasars are not alone in space, perturbation of generation of these regions may result from pumpings of atoms by light of other stars. Thus regions in which quantized redshifts appear must be small enough to avoid an important lighting by other stars.

To avoid different pumpings by light coming from different regions of the surface of the star, redshift must appear only at a distance much larger than size of the star, that is in a region where pressure of gas is low.

These conditions are evidently not verified for a set of relatively close stars as a galaxy.

As the quasar produces very high light frequencies, it is extremely hot. They may be accreting neutron stars, a type of stars which were never found in nebulae while they should be seen. 2. To avoid a blur of image of quasar, interaction of light with hydrogen must be coherent. Impulsive Stimulated Raman Scattering which produces frequency shifts in labs using laser femtosecond pulses is very weak using pulses which make ordinary temporally incoherent light, so that space paths are needed for its observation.

3. Around quasars, space is structured into regions in which: Either H atoms are excited by Lyman α absorption, so that light is redshifted; or light was absorbed at this frequency, spectrum of gas is written into light. This cannot work around galaxies.

4. Quasar spectra and freqency shifts are explained using only theories well verified in laboratories.

5. Coherence of interaction of light with low pressure gas of nebulae should be considered by astrophysicists. For instance superradiance, may be useful to explain bubbles.
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 1 Figure 1 represents a canvas of atomic hydrogen spectrum:Rules used to build spectrum taking into account only hydrogen atoms are simple :-i -At start, close to star, we suppose that α, β and γ lines have been absorbed.
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 1 Figure 1: Lyman hydrogen forest of a quasar of redshift Z=0.56. Arrival of an absorbed line at ν α frequency almost stops redshift. During stop, Ly β and Ly γ lines are absorbed. Lines of other local gas may be also absorbed and may later play a similar role if their frequencies are larger than ν α . Written frequencies do not take into account dispersion of hyperfine polarizability of H atom.

1 .

 1 Three independant experimental results (Burbidge's and Karlsson's periodicities of redshifts of quasars, absence of Ly β and Ly γ lines in spectrum of quasar studied by P.Petitjean) show that hyperfine resonances of H atom are involved in redshifts of quasars. These redshifts need excitation of atomic hydrogen.