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Abstract. Since the launch of SOHO, the Solar Heliospheriteory. The large frequency separatign ; — v,, which is of the
Orbital Observatory, the helioseismic observations are neaoiger of 135:Hz leads to the 2 hour period. The 4 hour one ap-
uninterrupted. The GOLF instrument (A. Gabratlal, 1997) pears because (0-2) and (1-3) pairs are separated by about 135/2
measures the mean velocity integrated over the disk. The autbtz. The amplitude variation of these peaks is more surprising
correlation function of this velocity shows two main featuresind differs for the odd and the even ones. It might be tempting
Firstly, the initial decrease of the peak amplitudes is much fasterrelate the initial amplitude decrease of the even peaks to the
than expected from the width of the most powerful lines arthmping time of the most powerful modes. It will be shown
secondly it does not decrease to zero for large times. These tw&ects[ b anf]6 that this interpretation is wrong and that the
features have been studied using the model of stochastically axplitude variation for time lags shorter than about 50 hours is
cited oscillators.The second one can also be understood onrtfanly produced by the non-equispacing of the modes (i.e. to
basis of a completely general discussion. We show that the fémst departures from the first order asymptotic approximation).
initial decrease of the peak amplitudes results from the depBor times larger than 150 hours the amplitude of the envelope
ture of the mode frequencies from the values predicted by th®ps decreasing, the amplitude of this steady state being re-
first order asymptotic theory (the modes are not equidistant) datkd to the length of the data sample used. If just one ACF,
that the damping time of the modes has only a small influeno@rresponding to one data length, is considered, this behavior
The non vanishing amplitudes at large times result either fraran possibly be interpreted as the signature of the presence of
the presence of a periodic non-stochastic component in the sigion-stochastic component in the signal (see Sect. 4). This is
nal or from the stochastic nature of the excitation. Further testded out by a study of the variation of the amplitude at large
have shown that the second possibility is the right one. This tane lags in term of the length of the data set and therefore that
sult gives a new argument in favor of the stochastic excitationtoéhavior supports the stochastic excitation of the p-modes.
solar p-modes. The use of the ACF also suggests a new methodWhen lines profiles are studied from the power spectrum,
to study line profiles which has been tested for radial modes ahé main difficulty arises because, at each Fourier point, the dis-

Lorentz profiles. persion of power around the mean value remains constant when
the observation time increases. On the contrary, if one line is
Key words: Sun: oscillations isolated in the power spectrum and the ACF of that portion of

the spectrum is then computed, for time lags shorter than a few
damping time, the dispersion around the mean value decreases
when the observation time increases. This suggests a new inde-
pendent method to study line profiles which is briefly discussed

Interruptions in the data generally do not allow to get the fuft SectsLB anf7.

time autocorrelation function (ACF) of the solar signal. Also The observations are presented in Sédts. 2and 3. In[Sect. 4
because its computation is very time consuming it has ne¥ég properties of the correlation function are analyzed. The be-
been obtained so far. Today, GOLF has been measuring thehayior of the peak amplitude for shorttimes is studied in Sgtts. 5
lar integrated velocity field without major interruption for morénd® using the model of stochastically excited oscillators which
than 2 years. The full ACF can be computed for the first time.indeed shows the same behavior at large times. A simple nu-
shows features with quasi-periods close to 2 and 4 hours. Thewgical simulation also allows to reproduce the main properties
values can be readily understood from the first order asymptddicthe observed ACF for short times (Set. 6).

1. Introduction

Send offprint requests tM.G.
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Fig. 1. The normalized ACF of the solar velocity averaged on the solfig. 2. The normalized ACF of the solar velocity for 550 days.
disk for 550 days of observation, showing the initial fringes.

—

2. The observations

The observations started April 11, 1996 and are still running;
The data are converted in velocity and filtered for the low fre-
quency trends. This final data set is sampled every 40 s and w

compute the ACF as o
1 N

I
where N is the number of samples in the data set of duration
T, andV (¢,,) is the observed velocity. The ACF f@t, = 550
days is displayed on Fids. 1 alod 2 for time lags shorter than 200 ————— - —
and 1500 hours respectively. For short delays, the amplitudeO 500 1000
variation shows a quasi-periodic pattern, with 2 characteristic Time (hours)
periods, close to 2 and 4 h respectively. Those two periods are , ,
obviously related to the periodicities found in the power spet9- 3 The normalized ACF of the solar velocity for 50 days.
trum. The 2 hour period comes in because modes of a given
degree are nearly equidistant and separated by aboyiH35 related to the sporadic behavior of the signal, so we compute
The 4 hour period shows up because the odd degree modeitréwice, starting from the beginning and from the end of the
guencies are about halfway between two successive modedath set. The 2 sets of results are statistically independent up
even degree. The time variation of the amplitude of these peak$ = 250 days, value related t6, and to the maximum lag
is more surprising. The amplitude of the even peaks (those whigded in energy sum. The results are close to a lay/ié as
appear for time delays which are multiple of 4 hours) first dexpected for a function related to a stationary stochastic process
creases quickly with time, much faster than the damping time@kee Fig[4.)
the most powerful lines. Later on they show beatings. On the op-
posite the odd peaks (those which appear for time delays wh?
are odd multiple of 2 hours) start with very small amplitudes’
and grow quickly; later on they also show beatings. If we assume that the signal is of infinite length and related to a

For delays larger than 150 hours the amplitude of the enwtationary stochastic process, the ACF is the Fourier transform
lope stops decreasing and shows random beating, but depdrain the spectral density (DS). In the case of an observation
on the integration time, as shown on Hig. 2 and Eig. 3. To cheicitervalT,, this is an approximation valid if << T,,. Using an
if this part of the ACF is related to the existence of stable pEFT algorithm, we can thus extract in the DS the power related
riodic components or to the statistical uncertainties, we stuttyone single solar mode, and compute the ACF of this single
the changes of the ACF for partial integration o¥elays: those mode. We use a frequency table (Lazrek, 1998) slightly different
ACF are oscillating functions, from which we compute the medrom those already published (Lazrekal, 1997) and a data
energy for delays between 200 h and 600 h. This functionisitseéit ofT,, = 550 days.

hThe ACF of the signal related to a single p-mode
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Fig. 4. Sum of the energy in the normalized ACF from 200h to 600
vs. the duratiom of the integration time. The marks are for the ACF
computed with the first available data,for the ACF computed with
the last data. The dashed line i@/ function. Log-log scales.

rI]Jig. 5.The normalized ACF for the radial modé = 18, using a not-
apodized+5..H = filter. This function contains an oscillatory term,
removed here for a better legibility. The fit of an exponential decrease
e~ (t/T0) gives the damping tim&,. (Log vertical scale, linear time
scale.)

This ACF depends on the statistical properties of the p-
modes, as discussed in Sédt. 7. For a Lorentz profile, the initia ‘ ‘ ‘ ;
decrease follows an exponential law and the numerical mode Z= 0
needs only 2 parameters: the damping time and the energy of fe;r;ffrequency = 2093.52Hz |
the non-correlated noise. The energy related to this noise gives ]
here a fringe centered @&t = 0, with a shape depending on the” T0 = 160 h
filter's band-pass. In log vs. time scale, the fit is simply linear.
The parameters of the numerical filter, central frequency and ]
band-pass, have no direct influence on the ACF and can be used X
to improve the signal to noise ratio.

The damping time is related to the radial order. Figs. 5 and
show the normalized functioRy (7)/Rn(0) for two radial = |
modes, compared with an exponential law computed with the
assumption of a damping timég. The fringes of the ACF show
that the statistical uncertainty is not yet negligible. The damping ]
timeisTy = 90 h. for the radial mode&” = 18 (an hightenergy 200 200 500 500 1000
mode) and increases @ = 120 h. for the A’ = 14 mode, as Time (hours)
shown Fig.[5 and Fid.]6.

The damping times found in literature are deduced from tif&- 6. Same as Fidll5, but for the radial madle= 14. The energy in
numerical adjustment of Lorentz's profile in the DS (LazrelEhiS mode is lower compared to the non-correlated noise, resulting in
1997.) This technic give a half-linewidil, related to the damp- the fringe for small values of t
ing time byW = 1/(2xT}). The results of the 2 methods are
in good agreement, but the analytic uncertainties are different,
leading us to explore farther this new method. This preliminary
study left aside the determination of the energy (vanishing i;ithe Fourier transform of the statistical average of the corre-
the normalization fofl’ = 0) and of the p-mode frequency (adation functionR(7) = E[x(t)x(t 4+ 7)] and conversely. Here
we don’t study the oscillatory term of the ACF.) The statistic&ind everywhere in the following[y] is the statistical average
significance of those terms and their relation with the equivaledity. If R(7) has no periodic componettten it is absolutely
parameters coming from a maximum likelihood fit need also tategrable as well ag’(v) and therefore from the Riemann-

bandpass = 5 pHz

be studied. Lebesgue lemma we know that (Davenport & Root 1958, pg
107)
4. General discussion
o . ~ lim R(r) =0 (1)
Solar oscillations are assumed to be a stationary stochastic pro=°
cess with a finite average power. Then the power specitgm  lim P(w) = 0 (2)

w—r o0
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When Eq. (1) is not fulfilled there is a periodic component iwherel is the total number of observationrs,= (a; +1ib;)/2)
the signal of the form}_; A; cos(w;t + ¢;) where thed; and (j > 0) andc_; = ¢}, then
the ¢; are deterministic quantities.
However, we only knowR(7,T) = Ry (7) for T smaller B 2 o1 _ _
or equal to half the observation tinfg and though it is quite R(7,T) = ZO 2lej|” cos(w;T) = T Zopﬂ cos(w;7)
long, it remains finite. This forbid us to tell off-hand whether eq = 7=
(1) is satisfied or whethek(7) remains finite at infinity without or
further informations. Therefore it is necessary to investigate at )
which rate the correlation function goes to zero for a stochasfig 1) — = Z E[P}] cos(w;7)

signal. >0

Leta; andb; (j > 0) be the coefficients of the cos and sin 1
Fourier series over the time interv&l We define the power (per t 7 > {P; — E[P;]} cos(w;7) 3
Hz)asP; = T(a3 +b7)/2 and we also hav&|P;] = TE[a]] 7>0

Gabriel 1993b). Si Gabriel 1993b
(see Gabrie ). Since (see Gabrie ) The first term of this equation is deterministic and will give

the correlation function of the mean line profiles (just re-
place the sum by an integral). For instance, for Lorentzian
lines, it will give a sum of terms each of them approaching

E[Pj| = /0C>O EP(w)]f(w—wj)dv

with cos(w.T) exp(—I'7) (w, is the central line frequency addis
sinf(w — w;)T/2] the damping time) for large enough observation times. Thisterm
flo—wj) = (w—w)T/2 will always go to zero as goes to infinity. The second term is

the stochastic one and it has a zero mean. Since the variance of
E[P;] is nearly time independent for long enough observati@achp; is nearly time independent, the variance of this term is
times sincéimr_, o E[P(v,T)—P(v)] = 0.ltcanbe obtained proportional to the number of terms in the sum (and therefore to
either observationally (see for instance Gabriel 1994, 1995)tAe observation time T) divided k2. It follows that the stan-
theoretically (Gabriel 1993a). It is known that the p.d.f. of thgard deviation of that term will vary ag/1/T. This is exactly
power at a Fourier poini( P;) is given by a3 (see for instance the way observations vary for largevalues whed'T" >> 1.

Gabriel 1993b) This second term of Eq. (3) is a sum of trigonometric functions
1 p. which correspond to the interpretation given above of the related
p(Pj) = ———exp { J ] term in the periodogram.
o7 Rl W5 D oo

Since the variance of the stochastic term in Eq. (3) goes
and sinceE[P;] is nearly time independent for long enougislowly to zero it is possible that it still contributes significantly
observation times, a periodogram will never converge towardsthe correlation function after 550 days but because, for large
the power spectrum whatever the observation length but wiltne lags, the amplitude of the ACF decreases as expected for a
always show fluctuations around the mean profile. This is regpchastic signal there is no need to assume that the solar signal
a new result indeed but a consequence of the theorem whigintains a deterministic component.

states that the periodogram of a function which is not absolutely

integrable does not converge in the mean towards the power

spectrum for an infinite observation time i.e. 5. The model of randomly excited oscillators
lim E[(P(v,T) — P(v))%] #0 Because the time autocorrelation function which was computed
T—oo from the observations does not assume that the observed signal

whenP(v) # 0 (see for instance Davenport & Root 1958 pd1as aperiod’ and also because itis difficult to proceed without
108). However it has important consequences on the behayiBf € assumption concerning the line profiles, we have to con-

of the correlation function. Let us spht; in the following way: tinue the discu_ssion_ with a simplified m0(_je|. We assume that
the observed signal is the sum of stochastically excited damped

P; = E[P;]+ {P; — E[P;]} oscillators with frequencies,, and damping timeE,,. The only

. ] ) ) ~_approximation behind this model is that it assumes that all lines
The firstterm of the right hand side member is deterministic apdye 4 | orentzian profile. The signal is then given by:

whenj varies it draws the mean line profiles. The second term
which is stochastic will appear in the spectrum as a succession s
of delta functions which looks like the spectrum of a stationam(t) = » > An(t])H(t — t})sin[p,(t — t})]

non stochastic periodic signal. n o tr=—oo
Since expl~T(t — 1)) (4)
N/2
2(t) = Z ¢; expliw;t] wherep,, = /(w2 —T2), {7 is an excitation time and/ is the

J=—N/2 Heaviside function.



M. Gabriel et al.: Time-correlation of the solar p-mode velocity signal from GOLF 1113

Let T, be the observation time, the time autocorrelationith
function is defined by: C, = J(CO2 1 (C7)?

1 T
= — t)x(t dt -
y(T) T /0 x( )x( +7) om T XT: o An(t?)An(t?) [ (tr tn)]
. = = ——————"—cos[pp(t; — t;
= S a(t)alt + IW(T — 1) T =i ) -’
' AN
whereT + Max (1) = T, but the integration tim& may be
much smaller thafl,, andW (T — ¢;) equal 1 if(T" — t;) > 0 no L THT 4 () An(t7)
and zero otherwise. Cr == 3 3y —————osinpa(t] — })]
Taking Eq. (4) into account, we find : r £ =—00 7 £LT [A7 ()]
Lo T AL ALty Z(t7,t5,t7)
ym =3, > AT, T _cr
n tr=—ootP=—00 tan ¢, = o
(T 4 10— T (7 7 87 5 N _ _ _
cos[pn(T +1; P 1,8 ©®) TheC,, give the the magnitude of the stochastic term relative to
with t = Max(t},t} — 7,0) and the deterministic one for mode

This second part of the ACF is stochastic and has a zero
T =exp[-Dp(t; +t7 — 7= 2t7)[{1 — exp[-2I', (T — )]} mean. Thep,, are uniformly distributed in [0, 2] and, given

. . . he large number of excitations, we can me th n
To get this expression we have assumed that all dlfferencesbge arge number of excitations, we can assume thatthand

tween thep,, are large compared 1, to avoid any significant ™ are Gaussian. Their variance can easily be obtained and with
n 3

coupling between modes. This implies that we have neglect%ttjf assumption thdt,, 7" >> 1 itis independent of. We get:

the rotational splitting. s2(C1Y = 62(CT) = 1
The ACF given in figil anl2 are just the special case for = ¢ *

- or, T

T = TO_/2. In practice, we have computed correlation functiongg expected, we find again that the variance vari€gas It is
norm.ahzed fO.rT = 0. . interesting to notice that fdr,, 7" >> 1 the correlation function
Since excitations are considered to take place close to {3@q also the power spectrum) is function of only two physical
surface of the convection zone in connection with the graBarameters per line: the average energy received per second
ule dynamics, the number of excitations is expected to beCOT@T(t?)]/Tg; and the damping timE;-*. Therefore, there is no
quickly very large. This suggests to split Eq. (5) in two partgyay to distinguish between weak but frequent excitations and
The first one, obtained faf' = ¢, is given by: strong but sparse ones as long as there many of them during one

. damping time.

A2 (t7 2 i (i .
n =% 4%( ,}) cos(paT)I(E, 1 = 2,47)  (6) The p.d.f ofC2 is given by:
notp=—oco " p(C*)dC? =T, T exp[—(C,,)*T,, T)dC? (10)

With a good approximation when, 7" >> 1, it leads to: It remains to check whether it is possible to find a set of values

) for the C,, and¢,, which reproduce the main behaviors of the

A7 (87 observations and which have an acceptable probability to be

= 112 cos -T 7

yi(t) =) AT, T cos(pn7) exp[—I'n 7] ™) ealived.

n_ . o . Before discussing the results of numerical simulations, one
whereT(; is the average time between two excitations for lingoint needs to be discussed to help understanding why, for small

n”and[ A7 (¢7)] is the average ofi7 (¢;') over the timel’.This  times, the observed ACF decreases with a characteristic time
first part of the ACF is deterministic and corresponds in thgych shorter than the damping time of the strongest lines.

frequency domain to smooth Lorentzian lines. Let us see what would be the expressionifgr) (and also
The second part gives: that ofy, (7)) for I',,7 << 1, if the mode spacing was constant,
- 7 i.e. if the first order asymptotic theory was accurate. We would
[A72L (t?)] g n n have:
wa(r) = D gr g D0 D coslpa(r 4 — )] '
- n L =—00 ¢m oty Pn = wo + nAw
It 15, t%) ®)  with Aw/(2m) ~ 67 pHz and we would obtain from Eq. (9):
or A2 (17
- y2(1) = Z Mcn {cos[nAwT] cosjwoT + ¢y
[A2(7)] Al
Y2 (T) = Z #Cn COS[pTLT + ¢n] (9) "
4T, T, — sin[nAwT]sinfweT + ¢n]}

n
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Under that hypothesis, the coefficientswk|woT + ¢,] and Table 1.Visibility factors for the power normalized to one for the radial
sin[woT + ¢,,] are periodic functions with a period of aboutnodes.
4 hours and a complex peak structure such as shown by the
_observatlon_s cannot pe reproduced. Each timehat = 2k7r, 1 57716 180866 17778
i.e. whent is a multiple of about 4 hours, the amplitude of 5 0.8 102578 0.96552
y2(7) is maximum and nearly constant sincg >> Aw. At | 5 7/64 0.2264 019167
4
5

No limb darkening| Eddington| cos(0.666)

these times thé=0 and 2 pairs interfere constructively with 0. 0.02737 | 0.0051478
thel=1 and 3 pairs. On the other hand, each time that = 0.03125 0.02914 | 0.001141
(2k + 1)7, thencos[nAwT] alternates betweenl and—1 and
y2(7) is small. Then the even and odd degrees pairs and interfere

destructively. Notice that the termssim[nAw] will never have 1S the mass of the mode. Ti€,, are taken from the theoretical

a large contribution foNwr = (k + 1/2). adiabatic eigenvalues. For tli&(v), we have tried 2 slightly
In the case where the coefficients of the curled braces &ffferentformsaccording to the prescription of Libbrecht (1988)

constant, ifN + 1 is the number of lines, we obtain: and Osaki (1990) .

N sin[(N +1/2)Awr] 1 — proportional ta/® beloww.,.;; uHz and proportional to =52

> coslnAwr] = dsndwr2 T2 above that value

n=0 — proportional to® belowr..;; pHz, constant between.,.;;

N ) and 350Q:Hz and proportional te'—5-> above that value
. sin[(N + 1)AwT /2] sin[N AwT /2]

Z sin[nAwr] = sin[Awr /2] These 2 choices as well as small variations of the exponents
n=0 do not lead to significant modifications in the ACF. The value
For Awr = 2k, the first equation is equal to (N+1) while theveri: = 3300 uHz provides the best fits.
second one is always zero. FAwr = (2k + 1)m, the first There are variations of the mode powers around the mean val-
equation is equal to 1 for eveN and O for odd ones and theues discussed above indeed but we do not allow variations from
second one is again equal to zero. The first equation is strongigde to mode but only for all the modes of a given degree. We
peaked al\wr = 2k7 while the second one has smaller maximhave include these variations into the visibility factors.
for Awr a few degrees larger (depending upon the value of N9econdly the amplitude of the ACF is also a function of the

This behavior is completely different from that of the obvisibility factor for each degree. We have used as a guide the
served ACF. Therefore the fast initial decrease of the peak avalues of the visibility factors without limb darkening, with the
plitudes atr ~ k x 4 hours and their later modulation as wellimb darkening function given by the Eddington approximation
as the initial increase and the later modulation of the peaksaad the expression used by Robillot (1997) in Bordeaux for ob-
7 ~ (2k + 1) % 2 hours can only be produced if we take int@ervations with the MRS instrument (it is given bys(0.660)).
account the non equi-spacing of the modes which destroies T values obtained assuming that the power is the same for
regularity of the interference pattern between even and odd a#-degrees are given in Table 1. It shows that as the degree in-
gree pairs. creases the visibility factor becomes more and more sensitive to
the choice of the limb darkening function. Since they are small
the chosen values for I= 4 and 5 are unimportant.
Finally, we have used the same value($f and¢,, for all the
The sum ofy; () andy»(t) has been computed and comparexhodes though they are also expected to vary from mode to mode.
with observations. For this, the frequencies have been takéme assumption of one unique value fois without effect be-
from GOLF and the line widths from Chaplin et al. (1997)cause the oscillation periods are much shorter than two hours
Fierry-Fraillon et al. (1997a) and from Fierry-Fraillon et alperiod of the resonances.
(1997b). The three sets of line widths though slightly different The solar signal has also energy outside the 5 min. domain.
lead to no visible difference in the ACF because as stated abd¥e fraction of energy in the identified modes of degrees zero
the variations of the peak amplitudes for not too large del&y three has been estimated observationally to 2/3. To take this
times are mainly controlled by the mode spacing and not by timo account, we have added a white noise to the signal given
damping times. The other parameters appearing in Eqgs. (7) &ydEqgs. (7) and (9). The energy of that white noise has been
(9) are related to the excitations and are of statistical type. Fregt to1/2.9 of the total energy. This allow to obtain the right
the observations we expect that they vary with the integratiamplitudes for the first two peaks.
the timeT'. We think that the aim of a numerical simulationis We have first generated an artificial set of frequencies ver-
to reproduce the main characteristics of the observations wifying the first order asymptotic theory. The results obtained
a model as simple as possible also we have decided to choasguming that the oscillations are not damped or using the same
the values of these parameters in a way as simple as possitidenping times as for the real data are shown in Hfs. 7 and
First, we must decide of the frequency dependence of the m@ieespectively. They show only large resonances with a period
power which is proportional t6:(v)/(I",,M,,) whereG(v) is of about 4 hours and the peaks at odd multiples of two hours
the acoustic power provided to one mode by convection\dpd are very small. This corroborates the simple discussion of the

6. Results of numerical simulations
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Fig. 8. ACF for equi-spaced frequencies but with the observed lingg 10, ACF for observed damped frequencies with the visibility fac-

widths

tors equal to 1, 1.8, 1 and 0.19 for I=0 to 3 respectively and C=0.05

previous section. Figé] 9 and]10 have been obtained with the _ _
same set of parameters but with the observed frequencies. PAwerinthe = 2modes by afactor 0.6 in order to have the right

differences are striking. Without damping the modulation of tHehavior around 30 to 50 hours and also to reduce the power
amplitudes is much larger and the peaks at odd multiples of tifothe odd degrees in order to keep small odd peek amplitudes
hours are much larger (except for small times). For large timd@ small times. Taking for the visibility factors of the 1=0 to
the amplitudes are too large indeed but for times smaller tharnodes respectively 1, 1.5, 0.6 and 0.15, we obtain an ACF,
about 40 hours it already shows several similarities with the o@ven in Fig.[11, very similar to the observed one.
served ACF given in Figl11, mainly the variation with the delay ~ Fig. [12, computed with the same parameters as[Fipy. 11 but
time of the peak amplitudes. With damping, we obtain an ACFith v..;; = 3000 pHz, shows the influence of that parameter.
very similar to the observed one. It is seen that the agreement is not as good but the degradation
From the visibility factor, we expect about the same amout this fit is not big.
of energy in thel = 0 and! = 2 modes. Fig.[I0 gives the  Fig.[I3 is computed with the same parameters h&sTig 11 but
ACF with the visibility factors for degrees zero to three equgives the ACF for times up to 1500 hours. It shows that for times
respectively to 1, 1.8, 1 and 0.19 antd= 0.05. The power larger than about 200 hours the amplitudes are nearly constant
of the even peaks reaches too low values close to 30 hours wfith modulations due to mode beatings.
the ratio of the even and odd peak amplitudes is not right close The main difference between the observed ACF for observa-
to 50 hours. To get a solution closer to the observations fitwn times of 550 and 50 days is the amplitudes for large times.
an observation time equal to 550 days, we have to multiply thie increase it, we have to take a larger value ¢arTaking
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Fig. 11. ACF for observed damped frequencies with the visibility fadrig. 13. Same as Fig11 but for time lags extending up to 1500 hours
tors equal to 1, 1.5, 0.6 and 0.15 for I=0 to 3 respectively and C=0.05
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Fig. 12.Same as Fig.11 but wit.,.;; = 3000uHz

Taking Eq. (10) into account, we see that the probability to have

C = 0.2, we get the fi§ .14 which has about the right amplitudesvalue ofC larger than 0.02 is of the order of 0.91 which makes
for large times. It has to be compared to Fig. 3. The other difiéhe adopted value af’ acceptable. Similarly fof, = 50 days
ence with Fig[IB is that the amplitudes stop decreasing earfie¢ probability to have’ > 0.2 is 0.44. Therefore the observa-
just becausg, as been increased and one gets eaglier y,. tions can be explained by the model of stochastic oscillations
As time grows, we expect that the approximations made fithout the necessity to call upon periodic components in the

order to keep a simple model (no rotational splitting, no ampfignal.

tude variation around the mean from mode to mode and only

one value for the”,,) influence the mode interferences and in7 Application to the p-mode study

deed the peaks of the amplitude modulation do no longer occur

at the right times. Also we cannot exclude that if one or sevefghe discussion in Sedil 4 suggests a method to study the statis-

of the above approximations were relaxed a good fit could hieal properties of the p-modes. If we equal the power spectrum

obtained with another set of parameters. Nevertheless it is t@zero everywhere but in the frequency domain of one line and

markable that the main characteristics of the ACF are reproduhien take the Fourier transform of that spectrum, we isolate one

with the simple model. term of the sum ovej in Eq. (3). Since the stochastic term be-
Since the amplitudes are the largest for modes with full liresmmes smaller and smaller compared to the deterministic one

widths of the order to one to twoeHz, we havd'T" ~ 224 for as the observation time increases, we may hope that the GOLF

T, = 550 days and taking an average line width of LHz. ACF will converge to the ACF of the p-mode line profile.
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For a Lorentz profile, the deterministic term is proportion&eferences
to cos(w.t) * exp(—I't) and it is possible to obtain the value of

! . ; . Chaplin, W.J., Elsworth, Y., Isaak, G.R., McLeod, C.P., Miller, B.A. &
the e-folding time using the ACF for the short time la@s< Sew R 1997 MNRAS. 288 623

10to 25 days, see Sei. 3). Itis possible to refine the methoghi enport, W.B.Jr. & Root, W.L., 1958, An introduction to the theory
study the line profiles and to extend it to non-radial modes. After of random signal and noise, Mc Graw-Hill

choosing an analytic expression for the line profile containimghgamberdiev, S., Khalikov, S., Lazrek, M., & Fossat, E., 1992, A&A,
several parameters (the maximum power, the peak frequency,253, 252

the line width and one or several asymmetry coefficients aRgrry Fraillon, D., Gelly, B., Schmider, F.X., Leibacher, J.W., Hill, F.,
also one or two noise parameters), one can compute the correFossat, E. & Pantel, A., 1997a, A&A (in press)

sponding ACF and obtain the parameters through a fitting witierry Fraillon, D., 1997, private communication

the observed ACF for not too long time delays. For non-radigferiel, A.H., Charra, J., Grec, G., Robillot, J.M., Roca &sytT.,

modes, several lines have to be treated together and the rota- Urck-Cheze, S., Ulrich, RK., Basu, S., Baudin, F., Bertello, L.,

tional splitting provides one extra parameter. Boumier, P., Charra, M., Christensen-Dalsgaard, J., Decaudin, M.,

. Th.ough the prelimin_ary stu_dy repqrtgd in SEqbt 3 shows that E;:rkeok’,':,'l’.7FF?§£’ZZF,?|’_T'I%T&SUS:6}3_,Eéégu?:)(’:lg’_ ,Ré,z.r;;zrr((:a'r:o:é;;\’/l.,
line widths can be obtained without difficulty, it is well known g5, Phys175, p 207-226

thatinformations concerning line asymmetry are difficult to ol apriel, M., 1993a, ARA, 274, 935

tain for low degree modes and we cannot tell off hand what tigbriel, M., 1993b, A&A, 274, 931

full set of reliable parameters provided by this method will b&abriel, M., 1994, A&A, 287, 685

This general method requires a more thorough fitting methbazrek, M., Baudin, F., Bertello, L., Boumier, P., Charra, J., Fierry-

than used here and it is presently under development. Fraillon, D., Fossat, E., Gabriel, A.H., Garcia, R.A., Gelly, B.,
Gouiffes, C., Grec, G., P&| P.L., Rrez Herandez, F., Rgulo,
. C., Renaud, C., Robillot, J.M., Roca Cest T., Turck-Chéze, S.,
8. Conclusion Ulrich, R.K. : 1997 Solar Phys175, p227-246

o . 1zrek, M.. 1998, private communication.
1. The variation of the amplitude of the even peaks at the fbbrecht, K.G., 1988, ApJ, 334, 510

ginning of the ACF is not refated to the damping time but Iasaki, y., 1990, Progress of Seismology of the Sun and Stars, ed. Y.
a consequence of the non constancy of the frequency sep-gg i s H. Shibahashi, Springer-Verlag, pg. 75.
aration between modes (or of the deviations relative to th@piiiot, J.m., 1997 private communication.
first order asymptotic approximation). Except for a slow ex-
ponential decay, which is due to the damping of the modes,
these deviations also explain the time variations of the peak
amplitudes of even and odd harmonics.
2. For large delay times, the standard deviation of the ACF of
stochastically excited oscillations varies as the reciprocal of
the square root of the integration time, exactly as found in
the observations. This provides one more argument in favor
of the stochastic excitation of solar p-modes.
3. The behavior at large times can be explained with a very
simple model which assumes tliats of the order of 0.2 and
0.05 for observation times of 50 and 550 days respectively.
This apparently deterministic signal is, in fact, produced by
the slow decrease of the standard deviation of stochastically
excited oscillations ACF.
4. A new method to study line profiles which has analytic un-
certainties different from these using the power spectrum,
has been proposed. First tests on radial modes show that it
can at least provide reliable line widths. The general method
is presently under development.
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