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Abstract. We analyzed 163 observations of the microquasar Since the launch of RXTE, the source has been moni-
GRS 1915+105 made with the Rossi X-ray Timing Explorgored continuously with the All-Sky Monitor (ASM) instrument,
(RXTE) inthe period 1996-1997. For each observation, we prevhich showed that the 2-10 keV X-ray flux of the source is
duced light curves and color-color diagrams. We classified thgtremely variable, unlike any other known X-ray source (see
observations in 12 separate classes, based on their count Ramillard & Morgan 1998). GRS 1915+105 was observed ex-
and color characteristics. From the analysis of these classestevesively with the Proportional Counter Array (PCA) on board
reduced the variability of the source to transitions between thi@XTE: from these data, the variability of the source appears
basic states: a hard state corresponding to the non-observabditgn more extreme (Greiner et al. 1996). Quasi-periodic oscil-
of the innermost parts of the accretion disk, and two softer stateons with frequencies ranging from 0.001 to 67 Hz have been
with a fully observable disk. These two soft states represent dibhserved (Morgan et al. 1997; Chen et al. 1997). A subset of
ferent temperatures of the accretion disk, related to differestiservations, showing a remarkably regular behavior, has been
local values of the accretion rate. The transitions between thesesented by Taam et al. (1997) and Vilhu & Nevalainen (1998),
states can be extremely fast. The source moves between thatie different interpretations. Other observations did not show
three states following certain patterns and avoiding others, gdpectacular variability (see Trudolyubov et al. 1999). The source
ing rise to a relatively large but limited number of variabilitys suspected to host a black hole because of its similarity with
classes. These results are the first step towards a linking of tihe other Galactic superluminal source GRO J1655-40 (Zhang
properties of this exceptional source with standard black-haeal. 1994), for which a dynamical estimate of the mass is

systems and with accretion disk models. available (Bailyn et al. 1995) and because of its very high X-ray
luminosity.
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individual: GRS 1915+105 — X-rays: stars energy spectra of selected observations, that the large variabil-

ity of the X-ray flux of GRS 1915+105 can be interpreted as
the appearing/disappearing of a detectable inner region of the
1. Introduction gpcretion disk, caused py the onset of thermal—viscou; instabil-
ities. From the comparison of the X-ray color-color diagrams
GRS 1915+105 was discovered in 1992 with WATCH (Castref all observations available until then, they showed that all
Tirado et al. 1992) as a transient source with considerable vaihservations were consistent with this interpretation, with the
ability (Castro-Tirado etal. 1994). It was the first Galactic objeeikception of a few, whose character could not be accounted for.
to show superluminal expansion in radio observations (Mirab&tiditional spectral analysis has been presented by Markwardt
& Rodriguez 1994). The standard interpretation of this phet al. (1999) and Muno et al. (1999), who analyzed in detail
nomenon in terms of relativistic jets (Rees 1966) placed tige connection between QPOs and X-ray spectral distribution
source at a distance D=12.5 kpc, with a jet axis at an an@¢leGRS 1915+105.
i=70° to the line of sight (Mirabel & Rodguez 1994; Rodguez Quasi-periodic variability in the radio and infrared bands has
& Mirabel 1999; but see Fender et al. 1999). A counterpart hpgen discovered (Pooley 1995; Pooley & Fender 1997; Fender
been found in the infrared (Mirabel et al. 1994), but the higkt al. 1997). Fender et al. (1997) suggested that these oscilla-
Galactic extinction prevents the detection of an optical coufiens correspond to small ejections of material from the system.
terpart. Before the launch of the Rossi X-ray Timing Explorahdeed, these oscillations have been found to correlate with the
(RXTE), not many observations of this source existed in X raygisk-instability as observed in the X-ray band (Pooley & Fender
the WATCH and SIGMA instruments on board GRANAT and 997; Eikenberry et al. 1998; Mirabel etal. 1998; Fender & Poo-

BATSE/GRO showed once again that it was very variable in thgy 1998). This strongly suggests that (some of) the matter from
X-ray band (Sazonov et al. 1994; Paciesas et al. 1996).
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Table 1. The observation IDs of the pointing analyzed in this work. The letters 1,J,K stand for 10408-01, 20187-02, and 20402-01 respectively.
The second column indicates how many observation intervals are included in this class. The # indicates the individual observation interval.
When no # is specified, all intervals are included.

Class N. Observation IDs

o 23 J-01-00,J-01-01,J-02-00(#2,#3 #5),K-22-00,K-23-00, K-24-01,K-26-00(#3,#4),K-27-00,K-28-00,
K-30-01(#2), K-30-02

3 25 1-10-00,1-21-00,1-21-01(#1),K-43-00(#2),K-43-02, K-44-00,K-45-00(#1,#2,#3 #5),K-45-03,
K-46-00,K-52-01,K-52-02,K-53-00,K-59-00(#2);

~y 22 1-07-00(#2,#3),K-37-00,K-37-02,K-38-00, K-39-00,K-39-02,K-40-00,K-55-00,K-56-00, K-57-00

b 33 1-13-00(#1),1-14-00,1-14-01,1-14-02,1-14-03, |-14-04,1-14-05,1-14-07,1-14-08,1-14-09,1-17-00,
-17-03,1-18-00(#1,#2),1-18-01,1-18-04,K-41-00, K-41-01,K-41-02(#1),K-41-03,K-42-00,K-53-02(#2),
K-54-00

) 17  1-15-00,1-15-01,1-15-02,1-15-03,1-15-04,1-15-05, 1-16-00,-16-01,1-16-02,1-16-03,1-16-04,

1-21-01(#2),K-45-02

4 K-33-00,K-35-00

10  1-37-00(#1,#2), 1-38-00(#3,#4,#5),K-36-00,K-36-01,K-37-01

18  1-08-00,1-34-00,1-35-00,1-36-00, K-43-00(#1),K-43-01,K-45-01, K-53-01,K-53-02(#1),K-59-00(#3)

18  1-37-00(#3),1-40-00,1-41-00, 1-44-00,K-01-00(#3),K-02-02(#4)

19  K-03-00,K-27-02,K-30-00,K-31-00, K-31-01,K-31-02,K-32-00,K-32-01,K-34-00, K-34-01

18  1-09-00,1-11-00,1-12-00,1-13-00(#2,#3), 1-17-01,1-17-02,1-18-00(#3),1-19-00,1-19-01,1-19-02,

1-20-00,1-20-01

x1 30 1-22-00,1-22-01,1-22-02,1-23-00,1-24-00,1-25-00, 1-27-00,1-28-00,1-29-00,1-30-00,1-31-00

Y2 47 K-04-00,K-05-00,K-07-00,K-08-00,K-08-01,K-09-00,K-10-00, K-11-00,K-12-00,K-13-00,K-14-00,K-15-00,
K-16-00,K-17-00,K-18-00,K-19-00,K-20-00,K-21-01,

s 15  K-49-00,K-49-01,K-50-00,k-50-01,K-51-00,K-52-00

xa 49  1-31-00,1-32-00,-33-00,1-38-00(#2),1-42-00,1-43-00,1-45-00, J-02-00(#1,#4,#6),K-01-00(#1,4#2),
K-02-02(#1,#2,#3),K-24-00,K-25-00,K-26-00(#1,#2,#5), K-26-01,K-26-02,K-27-01,K-27-03,K-29-00,
K-30-01(#1),K48-00

S X T > =

the inner disk is ejected in form of a jet throughout the instabilityan be found, subdivided in classes (see below), in Table 1.
phase. Each observation consists of one or more continuous intervals
GRS 1915+105 displays a bewildering variety of variabilitgf data (called observation intervals) separated by earth occulta-
modes (see Greiner et al. 1996; Belloni et al. 1997a,b; Chigons. Each observation interval has a maximum durationlof
et al. 1997; Nayakshin et al. 1999; Muno et al. 1999). In thiwour per interval. Our database contains a total of 349 observa-
paper, we present a classification of the different types of vatibn intervals. For each observation interval we produced light
ability observed in the X-ray emission of GRS 1915+105 arwlirves with 1 sec time resolution in three PHA channel inter-
we demonstrate that all the variations can be accounted fowvails: A:0-13 (2-5 keV), B:14-35 (5-13 keV), C:36-255 (13-60
terms of switching between just three main spectral states. RdlV) (energy conversion corresponding to PCA Gain epoch 3).
the observations are found to follow this characterization, whidte subtract a constant background level of 10, 20 and 100 cts/s
is model-independent. The structure of the paper is the folloi-the A, B and C bands respectively, as determined from the
ing. In Sect. 2, we present the extraction techniques and the taoislysis of typical background spectra. Although this is only an
used for the analysis. In Sect. 3, we proceed to the classifiegproximation, the high source count rate minimizes the effect
tion of the observations and present the evidence for the thoddackground variations. From these light curves we produced
basic states. In Sect. 4, we discuss these results in terms of phytstal light curve (R=A+B+C) and two X-ray colors: HRB/A
ical models, in particular in connection with the disk-instabiliteand HR=C/A.
model presented in Belloni et al. (1997a,b). A forthcoming pa- The analysis described below is based on different combi-
per will include detailed spectral modeling for a precise (amthtions of these three parameters, R, MRd HR.. The choice
model dependent) characterization of these states. of the definition for the two X-ray colors was made to ensure
the linearity of the resulting color-color diagram (CD): any lin-
ear combination of two spectral models lies on the straight-line
2. Data extraction and color-color diagrams segment connecting their locations in the CD.

We analyzed all observations of GRS 1915+105 made betweer};rhe energy Spe.Ctra of GRS 1915+105 are usually fitted
January 1996 and December 1997 mark&dBLI C in the wit a modgl consisting of th(.a.sum c_)f a power-law anq a
RXTE TOO archive (at heasarc.gsfc.nasa.gov), plus observa Hltlcolor disk-blackbody, modified by interstellar absorption

sequences 20187-02-01-00, 20187-02-01-01 and 20187-02§5¢ ©-0- Belloni et al. 1997b). This model has become stan-
00, for a total of 163 observations. A list of the observatio rd for the fitting of spectra of black-hole candidates. Fig. 1
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as well as a way to present the overall picture of timing/spectral
variability of GRS 1915+105 in a model-independent fashion.
We outline the 12 classes below. One example for each class
(light curve and CD) is shown in Fig. 2.

Power Law

e classy Two types of observations are relatively straightfor-
ward to separate from the others: those displaying no large
amplitude variations (less than a factor of two) nor obvious
structured variability (only random noise is seen in light
curves binned at 1 second). However, examination of their

) . ! . ! . ! . !

0 0.2 0.4 0.6 0.8 light curves and CDs shows that these can be further sub-
HR2 divided into two separate classes: The first, clads char-
Fig. 1.Color-color diagram (CD) with the colors defined in the text. The actgrlzed by a count rate 0$10 kcts/s or less and by a
two lines correspond to a power law with different photon indicesd particular position in the CD, namely HR-1, HR, ~0.05

to a disk-blackbody model with different inner disk temperatures kT (see Fig. 2a,b).

The adopted I value used is §10*2cm™2. Temperatures increasee classy The second, clasg, has a more varied count rate,
by steps of 0.1 keV as the points move up, with the marked point ranging between 3400 ard30000 cts/s (for 5 PCU units)
corresponding to kT=2.0 keV. Power law indices increase by steps of and it occupies a position in the CD which can vary but is
0.1 as the points move right, with the marked point corresponding to always at HR >0.1 (see Fig. 2c,d). The cloud of points in
I'=2.5. the CD is usually diagonally elongated.

e classy There are observations that are relatively quiet (class
shows a CD with the location of the two models for differ- 7). @partfrom quasi-periodic oscillations with a typical time
ent values of their parameters (photon indeand tempera-  Scalé 0f~10 s and/or the presence of sharp ‘dips’ with a
ture at the inner radius kJ). The interstellar absorption has ~ YPical duration of a couple of seconds (see Fig. 21). In the
been fixed t@ x 1022cm™2, as determined from spectral fitting €D the quasi-periodicity results in a diagonally elongated
(Belloni et al. 1997b, Markwardt et al. 1999). With our choice distribution of points. The points corresponding to the dips
of colors, HR is mostly sensitive to changes in the slope of the &€ separated from the main distribution, and are located on
power law component and HRo changes in the temperature its left along the direction pf the elongation (See F|g. 2e).
of the disk component for the ranges shown in Fig. 1. The aticlassu These are observations that, although showing large
ditional presence of an iron line or edge, although significant @mPplitude (more than a factor of two) variability, show a
for the y2 fitting of energy spectra, does not modify the colors Single ‘branch’of points in the CD (clags Fig. 2g,h). This
much compared to the overall range covered by the source. It Pranch is elongated diagonally and it is curved to the right
is important to note that the color analysis is by itself indepen- N itS lower part. The light curves show rapid quasi-periodic
dent of a specific model. Therefore, although we interpret the ©Scillations (typical time scale between 10 seconds and 100
results in the framework of a power law plus disk model, all the S€conds), sometimes alternated with stabler periogd.60
observed color variations are model independent. seconds duration. _ o ,

In addition to CDs, we also produced Hardness-lntensﬂ;ﬁlas_s‘? A nu.mber of observations show red_—n0|se—l|ke vari-
Diagrams (HIDs), where HRis plotted versus the total count ~ @Pility, which can exceed a factor of two in range. These
rate. Although these diagrams contain absolute flux information OPServations form clags Notice that in a number of obser-
and depend strongly on the long term variability of the source, in Vationsinthis class, there are ‘dips’in the light curve which,

some case they are useful for characterizing the behavior duringUNike the rest of the variability, are characterized by a sig-
a single observation. nificant softening in both colors (see Fig. 2i,j). These dips

last typically 10-20 seconds and, while the out-of-dip count

rate is always above 10000 cts/s, during the dip it decreases
3. Data analysis to 10000 cts/s or less.
e classf A group of observations clearly distinguishable from

the others is clas8 (Fig. 2k,I): the light curve has a char-

Despite the extraordinarily complex variability displayed by acteristic shape, with ‘M’ shaped intervals with a typical
GRS 1915+105, the examination of light curves and CDs shows duration of a few hundred seconds, alternating with shorter
that many features repeat in different observations. There are(100-200 seconds) low count rate 10000 cts/s) periods.
cases of observation intervals more than one year apart whichIn the CD, two separate distributions are seen: during the
are virtually indistinguishable from each other. We found thatit ‘M’ events HR; is above 0.1, while in the low-rate intervals
was possible to classify our 349 observation intervals into only it is considerably softer.
12 classes, based on the appearance of light curves and @DkssA The observation presented in Belloni et al. (1997a)
(see Table 1). This empirical classification is intended as a first and a few similar ones constitute clasgFig.2m,n): the
step to reduce the complexity of the amount of available data, light curve consists of the quasi-periodic alternation of low-

3.1. Selection of observations (classes)
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quiet, high-variable and oscillating parts described in Bel- in[Vilhu & Nevalainen 1998, where data with lower time
loni et al. (1997a). In the CD, a C-shaped distribution is resolution were considered).
evident, with the lower-right branch slightly detached from classv There are two main differences between observations
the rest, and corresponding to the low count rate intervals in this class and those of clags The first is that they are
(typically a few hundred seconds long). considerably more irregular in the light curve, and at times

e classk Very similar to the previous class are observations in they show a long quiet interval, where the source moves to
class\. The timing structure, as shown by Belloni et al. the right part of the CD (see Fig. 2s,t). The second is that, at
(1997b), is the same, only with shorter typical time scales 1s time resolution, they show more structure in the profile
(Fig. 20,p). In the CD, an additional cloud between the two of the ‘flares’, notably a secondary peak after the main one
branches is visible (sée Belloni et al. 1997b). (see Fig. 17b).

eclassp Taam et al. (1997) and Vilhu & Nevalainene classa Light curves of observation intervals of clagsshow
(1998) presented extremely regular RXTE light curves of long (~1000 s) quiet periods, where the count rate is below
GRS 1915+105, consisting of quasi-periodic ‘flares’ recur- 10000 cts/s, followed by a strong-20000 cts/s) flare and
ring on a time scale of 1 to 2 minutes. There are differences a few 100s of seconds of oscillations(see Fig. 2u,v). The
in the observations presented by these authors, and for thisoscillations start at a time scale of a few dozen seconds and
reason we separate them in two classes. The first, plass become progressively longer. This pattern repeats in a very
(Fig. 2q,r), is extremely regular in the light curve, and in the  regular way. In the CD, the quiet periods result in elongated
CD it presents a loop-like behavior (described as ring-like clouds, the oscillations in small rings (not clearly visible
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in Fig. 2v) like those of classesandv, and the flare as a GRS 1915+105 as: (i) transitions between some classes exist,
(i) a smaller number of classes would probably be sufficient to
e classs This class shows complex behavior in the light curvedescribe our observations, and (iii) more classes probably exist.
some of which can be seen within other classes. What idéiie point of our work will instead be to demonstrate that this
tifies class? however, is the presence in the CD of a chaxery complex behavior in fact follows a few very simple “uni-
acteristic straight elongated branch stretching diagonallyversal laws”. Summarizing, in Fig. 3 we show a histogram with
the, “occupation times” of the different classes in our sample.

curved trail of soft (low HR) points (Fig. 2u).

The number of the classes presented above could be reduced
given the strong similarities between them, but our goal is no

to have as few classes as possible, but to give as comprehensive

a description of the source behavior as possible, in order to IodR. Classes\, «~ andd: the basic states
for basic ‘states’ of the source. For this purpose, defining are

in order not to overlook important details in source behavi
All observation intervals in the sample considered for this wor]

are covered by this classification, but it is guite possible thﬁ%ferstanding of what follows, we will briefly summarize their
[

n result, restated using the terminology that we will use
re'ughoutthe rest of thiswork. Let us start with examining class
. The total light curve, the CD and the HID are shown in Fig. 4.

future observations would require yet other classes. Some

our observation intervals can be seen as boundary casesrg
tween two classes. Therefore, our classification is not inten le
to exhaustively list mutually exclusive modes of behavior for

PlCe that clasg is by far the most common.

lﬁﬁ/o observations representing class@sds, 1-38-00 (Interval
ag\é? and K-33-00 (Interval #2) respectively (notice the shortened
aming convention, explained in the caption to Table 1), have
ready been presented by Belloni et al. (1997a,b). For a better
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y 1 these parts of the oscillations with state C is strengthened by the
fact that during them 1-10 Hz QPOs are seen (see Markwardt
etal. 1999; Muno et al. 1999).

On the basis of this analysis, Belloni et al. (1997a,b) tenta-
tively concluded that the variability of GRS 1915+105 consists
of oscillations between two separate states: state B corresponds
to an accretion disk extending all the way down to the innermost
stable orbit and therefore appears always with the same spec-
tral colors, while state C corresponds to different portions of the
inner disk being unobservable, and therefore can be found in
different regions of the CD, but always at lower count rate and
always separated from state B . However, Belloni et al. (1997b)
also noticed that, although this characterization could be ap-
plied to most observations available at the time, one type of
observation could not be reduced to these two states. This type
observation is clasg in our classification of light curves (see
A v Sect. 2). A typical observation of this class is shown in Fig. 6.

J The light curve consists of M-shaped intervals reminiscent of
¢ % | the long state C segments in Fig. 4. (although at a much higher
° flux level), alternated with low-rate stretches. In the middle of
Class these low-flux stretches there are some ‘flares’. Comparing the
CD in Fig. 6 with that in Fig. 4, we can see that it is indeed
plausible that the M-shaped intervals are consistent with being
state C (at a slightly higher HRand much higher count rate),
Panels, b andcin Fig. 4 are the HID, the light curve (restrictec@nd that the low-flux points cannot be identified with state B,
to the points used for CD/HID) and the CD respectively. THeeing much softer. Since these soft points cannot be assigned to
complete light curve of observation interval #3 is shown in pan@ither of the two states, we define a new state (state A). In all
d. Belloni et al. (1997a) identified in this observation (and thedhe CDs, the points corresponding to this state will be marked
extended to all observations) three types of variability (“statestyith diamonds. During the ‘flares’ in the low-flux intervals, in
a quiescent state at a relatively low count rate, an outburst st@ CD the source moves back almost to the state C points.
at high count rates, and a flare state in which the flux shows State Ais characterized by consisting of low-flux, soft in-
rapid alternations between the two. Hereafter, we will call tHervals, as opposed to state C, which is low-flux and hard. The
quiescent and outburst state C and state B respectively, andfgsence of this additional state is very evident in an observa-
will represent the corresponding points in all CDs, HIDs ariéPn like that shown in Fig. 6, but in retrospect it could of course
light curves with squares and circles respectively. An examge present also in other observations. Going back to Fig. 4, we
of these two states is clearly visible in Fig.4. These are tRetice that at the end of a long state C period (see Fig. 4d) there
two main states corresponding to the absence and presencei®feshort 10s) dip. This dip corresponds to soft points in the
detectable inner part of the accretion disk (Belloni et al. 19974P (diamonds in Fig. 4c) which at the bottom of the dip reach
The points corresponding to the two states cluster in two wélie same position as those in Fig. 6. We find that in observations
separated regions of the CD and HID. In the CD, state B lies@hclass\, this dip isalwayspresent as a transition between state
the upper left part of the diagram, while state C is located mdreand state B, not only at the end of the long state C intervals,
towards the lower right, at a higher HRnd lower HR. The but also during the much more rapid flaring. By examining in
flare state was interpreted by Belloni etal. (1997a) as oscillatig#tail the oscillations shown in Fig. 5, one can see that indeed a
between the other two, not as a separate state. An example of$hfé dip lies in between all C -B transitions, although the posi-
is shown in Fig. 5, where the CD and HID for a “flaring” intervafion in the CD in this case is much higher and in some cases it
of the same observation are shown. Itis evident that, although @¥&rlaps with that of state B (this overlap will be discussed ex-
high-flux points (state B, circles) are indeed located in roughi§nsively below). Also, the dip in the light curve corresponding
the same region of the CD as before, the low-flux points (statet@ state A is not as deep as in the previous case.
squares) are considerably softer than those from the long stateMoving to observation K-33-00 (clagg, an examination of
Cintervals in Fig. 4). From their analysis of observation K-33 short sample of the light curve shows that, although the time
00, Belloni et al. (1997b) showed that the position of the statgales are shorter, the source behaves like imticase (see
C points inthe CD depends on the length of the low-flux intervdfig- 7). This was already recognized by Belloni et al. (1997b),
the shorter the state C event s, the softer itis and the more it Wilno based on these data their analysis of the disk instabilities
be shifted to the left in the CD. Since the oscillations shown far states B and C, butit also applies when state A is considered.
Fig. 4 have a time scale considerably shorter than those in Fig. 2,
a softening of the state C spectrum occurs. The identification of

300000

200000

Occupation time (s)

100000

LMY

K

Fig. 3. Histogram of occupation time for each of the twelve classes.
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subset of the observation selected for panels
HR2 Time (s) a’b’c_
3.3. The main color loop As far as the transitions between the three states go, in two

. . . | n h rce invariably follows th -
It is useful to summarize the results from the first three class(;ézasSes (classes and r), the source invariably follows the se

before presenting more data. In the three observations we hdggrcc- B-C-A-Band so on. In the third case (cléahere
) P g L ) Ye only oscillations between two states (Cand A). No direct
discussed so far, we could identify three basic states:

transition from state Cto state Bis observed. A schematical
. _ representation of this can be seen in Fig. 8. Notice that in some
— B: high rate, high HR; observations, state A is not completely separated from state B in

— C:lowrate, low HR, variable HR depending on the length the CD: this blending between the two classes is discussed exten-
of the event;

— A:lowrate, low HR and HR,
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sively in the following sections. Before discussing this diagraRXTE/ASM. The three periods are identified in Fig. 9 by ar-
however, we must go through the other classes. rows. Although the two short such intervals are well defined
in the ASM light curve (MJD 50280-50311 and MJD 50730-
50750 respectively), the boundaries of the long one are not so
clear. We define its start as the time after whadhPCA ob-

As described before, clagsis characterized by the absence ofervation intervals show no structure in the 1s light curves, and
strong variability and HR >0.1. A large number of observa-its end as the time after which structure in the time variability
tion intervals belonging to this class correspond to observatids®bserved again in the PCA. This leads to the following start-
taking place during three periods when no strong variabilighd times: MJD 50410-50550, corresponding to observations
was observed on long (hours to months) time scales with tKed4-00 to K-21-01. Observation K-03-00, the last before this

3.4. Classy: state Conly
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Fig. 9. RXTE/ASM light curve for the period analyzed in this paper.
Fig. 8. Color-color diagram showing the basic A/B/C states and theBin size is 1 day. The bands in the upper part of the plot show the
observed transitions. position of the quiet intervals examined in Sect. 3.4.

period, shows a clear quasi-periodic structure correspondingrig of the power law component. However, a simple power law
classp, and observation K-22-00, the first after this intervamodel with the “standard” value of610%2cm~2 for the inter-
shows again a quasi-periodic structure, but classified aselasstellar absorption fits only theg, andys points. On the basis of
Consistently, we applied the same method to re-define the tithe CD, the other points (classgs and ) can be fitted by a
boundaries of the two shorter intervals, in order not to limit oupower law model with a lower absorptionx2022cm~2). An
selves to the flat-bottom part of the light curves. We obtained thbsorption of 210%?2cm~2 is compatible also with thg, and
following time intervals: MJD 50275-50313 and MJD 507293 points only if an additional high-energy cutoff at5 keV
50750 respectively. We subdivided the observations of glasss included (see lines in Fig. 11). Detailed spectral fits, which
into four sub-classes;1, x2, x3 correspond to the three quietwill be presented in a forthcoming paper, indeed indicate that
intervals (in time sequence), whilg comprises the remaining both such a reduced absoption and a high-energy cutoff are
observation intervals, a number of which are located closegresent. Notice that:610?2cm~2 is the standard value adopted
the long quiet interval. The assumption underlying this divisidior GRS 1915+105, while the lower valuex2022cm=2 is still

is that the three long quiet intervals are indeed single intervalsnsistent with the galactic ;Nas determined from radio mea-
of no variability. Notice that oux, andys intervals correspond surements (Dickey & Lockman 1990). In this scenario, a large
to the “plateau” states in Fender et al. (1999). Fig. 10 illustrat&sgrinsic absorption is present in the system and would be vari-
a selection of four observations in this class. It can be seen thble on a time scale longer than that of the long quiet intervals
the position in the CD is similar to that associated to state C (seamined here.

the previous section), and we therefore conclude that glass

an e>_<amp|e of §tate Conly. The absence of fIare_s gr_1d yisiEI_%_ Classp: state Aonly

quasi-periodicities, as well as the presence of variability in the
form of white noise at time scales of 1 second (see Markwar@lass is the second of the two classes where no variability is
et al. 1999 and Trudolyubov et al. 1999), further supports thodserved. An example of light curve and CD is shown in Fig. 12
identification as the same state as the low flux periods descriljedper panels). Compared to clagghere is less white noise in

in Sect. 3.2. However, it is clear that there is substantial spéle light curve (although in some cases red-noise variability is
tral variability between different observations, as the clouds observed), and the points in the CD are much softer and more
points in the CD are found in quite different positions (Fig. 10foncentrated. The net count rate<d0 kcts/s. To determine

As mentioned in Sect. 3.2, for shorter events, the position whether this class corresponds to state A or state B, we need to
state Cis also variable. In order to examine these variations, @@mpare the CD with that of an observation which shows both
computed the average values of the X-ray colors for each obssates. In Fig. 11 we show the average colors of all observations
vation and plotted them into the same CD (Fig. 11). The liné@s class¢ (see Table 1) together with the state B points from
corresponding to some spectral models are included in the pkig. 4. By comparing Fig. 4c and Fig. 11, it is evident that ob-
The points (filled symbols in Fig. 11) clearly distribute alongervations in clasg have to be identified with state A. Note
three separate branches. Clasggandy, follow a flatter trend that the quietness of the light curve is also similar to the low-
than classeg; and x3. From Fig. 11, one can see that largeate state A points from clags(see Fig. 6). From Fig.11, one
movements to the right in the CD are likely caused by harderan notice a continuity between state B and state A points, sug-
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gesting that the two states might not be completely different latcurrences of state A, while the rest of the time the source is
rather part of the same state. This will be discussed extensivielgtate B . It is noticeable that these state A events are the only

below. ones when the source approaches or becomes weaker than 10
kct/sec.

3.6. Class): Band A
3.7. Classu

An example of ligh curve, CD and HID for an observation in”
classd is shown in Fig. 12 (lower panels). The light curve show®bservations from clagsshow, like some parts of observations
considerable ‘flaring’ variability. These variations are not aén class), large flaring variability and a characteristic shape in
companied by changes in X-ray colors, with the exception tife CD: it is elongated diagonally and bends towards higher
a number of easily identifiable ‘dips’, which correspond to HR; values in its lower part (see Fig. 13). In panels b, cand d
spectral softening. From the CD, we can identify the dips &®m this figure the part of the light curve used to produce the
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Fig. 12a — d.Panels,b: CD and light curve

of an example of clasg respectively. Pan-
elsc,d: CD and light curve of an example of
classé respectively. Points in panel ¢ corre-
spond only to the time intervals between the
vertical lines, and are marked correspond-
ingly. The arrows in panel d indicate the po-
sition of the state A transitions discussed in
the text.

Fig. 13a — d.Sample observation from class
1. Panelsy,b,c contain only part of the data,
while paneld shows the whole dataset.
Color-intensity diagramjp light curve; c
color-color diagram¢g complete light curve.
The symbols are the same as in Fig. 4

CD, the CD and the total light curve are shown respectivelys relatively soft position in the CD compared to the position
When we compare this figure to Fig. 5, where the flaring statéstate C in observation 1-38-00 (Orbit 3) as shown in Fig. 4c,
of observation 1-38-00 (Orbit 3, clasg is shown, the strik- can again be explained by the short time scales observed (see
ing resemblance between the two is evident. We can theref&ect. 3.2). Although, from the light curve in Fig. 13b (and com-
identify state C in both the light curve and the CD (Fig. 13paring this with the one shown in Fig. 5b) state A and B are
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evident, they are not easily identified in the CD (Fig. 13c). Theecouple of them are even harder than all state B points shown.

two states seem to be spectrally identical, as they take the satogvever, if the same points are plotted in a HID (see Fig. 14b),

position in the CD. In order to check whether there is inded¢kose ‘peculiar’ state A points are immediately distinguishable

a difference between state A and B, we produced a HID frainmom the state B ones. What can be seen in Fig. 14b is that the

the count rate and the HR1 values, again using only the peaolors of both state A and state B points are correlated with the

of the light curve shown in Fig. 13b. From this HID, shown irtount rate, but follow different branches.

Fig. 13a, and the light curve in Fig. 13b, we see that in this class From Fig. 14, we can re-define state A in the following

state A is also present, although its major difference with statems:

B is count rate. State A and C both have count rates between

10 and 25 kcts/s, and only in state B the source becomes higher

than 30 kcts/s. 1. in the light curve, a sharp dip, with a typical transition time
Besides the rapid state alternations, stabler periods where thescale between out-of-dip and dip of a few seconds;

count rate remains at a high level around 40 ckts/s are obsen/dat low count rates (below 15 kcts/s), the position in the CD

in some light curves in clags(see Fig. 2h). During these inter- s relatively soft (HR <1.1) and separated from state B;

vals hardly any spectral variation is seen, and the source takesat higher count rates, the position in the CD overlaps with

a position in the CD with relatively soft HR2 (below0.12) that of state B, but follows a different branch in the HID,

and hard HR1 (above1.0) values. We therefore identify these ~located at lower rates.

intervals as periods where the source remains in state B for an

extended period of time. They can be compared with the state B

intervals in Fig. 4. Although at a higher count rate, the position

in the CD is the same.

This branch will be examined in more detail below.

3.9. Classy

3.8. Variations within state A In Fig. 15 we show observation K-39-00 (Orbit 1), representing

As we have seen, in some cases examined so far the distincisS- All observations from this class have a count rate cen-
between classes A and B in the CD becomes uncertain, com§if€d around-20kcts/s, and show evidence of quasi-periodic
cating the simple picture sketched in Fig. 8. This is summariz&gciliations with period-60-100 s (see Fig. 15d), in some cases
in Fig. 14a, where we plot the CD from state B in observatidﬁ'th an amplitude as high as a fac_tor of two (see Greiner et al.
-38-00 (Orbit 3) and the average CD from classas already 1996 and Morgan et al. 1997). Simultaneously, fasté0 s _
shown in Fig. 11, together with the dips of all state A poinf@F©OS are observed (see Fig. 15b). A number of observations
shown in the previous sections. Indeed, most of state A poiffW also sharp dips as the ones observed in dlastiese

are clearly separated from those of state B, but some are not 3§ &lways occur in correspondence to a minimum in the low-
frequency oscillations.
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In the CD (Fig. 15c¢), by comparison with previous cases,tivo minutes (see Fig. 16). As noticed by Vilhu & Nevalainen
appears that the oscillations belong to state B and the dipg1898), these regular variations are reflected in a clockwise loop
state A (compare Fig. 15c with Fig. 14a). in the CD (Fig. 16). Notice that at a resolution of 1 second, the
CD looks much less circular than in Vilhu & Nevalainen (1998),
who used aresolution of 16 seconds, clearly not sufficient for the
analysis of these observations. A comparison with the classes
Observations in clasg have been presented by Vilhu &examined in the previous sections clearly indicates that the loop
Nevalainen (1998), although limited to low time resolutions (1i§ constituted by oscillations between state B (high count rate)
seconds). The light curve consists of a very regular and charane state C (low count rate), without a clear evidence of a state
teristic pattern, which repeats on a time scale between one @&dHowever, when examining the light curves at a higher time

3.10. Clasy andv
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resolution, a complex type of variability is resolved (Fig. 17pf the high-rate part of the cycle, which creates a secondary
The high count rate part of the cycle shows sharp dips, witeak. This is reminiscent of the dip which gives origin to the
count rate changes of a factor of 3 in less than one second. Shell peak in clasg, although in this class the dip and the peak
overall structure of this variability does not repeat between déire much longer, being both a few seconds long. By looking
ferent events, with the only exception of the small peak aftat the CD, one can see that the smooth clockwise movement
the last dip. The two examples in Fig. 17 are shifted so that tliilem class- is here interrupted during its ascending part by the
peak corresponds to time 0. At such high time resolution it ép, which is very soft. After the dip, the source moves to the
difficult to follow a few points in the CD, since the count rate ihard part of the diagram. Following the structure of the previous
the high-energy band becomes uncertain. From the observatientions, we can identify the long slow rise in the light curve with
in Fig. 16 and 16, binned at 1/8 s, we considered only the poistsite C, followed by state A (the dip) and state B (the recovery
in the 10 seconds preceding the last peak (in order to isolate fitten the dip, showing up as a secondary bump). Notice that
high count rate sections), and averaged the colors of the pointshis class, the typical colors of both state B and state A are
with a total rate<12 kcts/s. The resulting average colors areonsiderably harder than in most of the cases described in the
indicated by the diamond in Fig. 16c¢: the point falls in the softrevious sections.
region of the CD plane, corresponding to the position of state
A. All the states are therefore represented in the light curvesiil_ Classy
this class. Notice that for a few observations in this class, the
high time resolution light curve is much smoother, but still th&he light curves from observations belonging to classhow
dip preceding the last peak is present. a repetitive pattern of long~ 1000 s) quiet intervals and pe-
An observation from clasg has been presented by Taam eiods were a strong (up te- 30 kics/s) flare is followed by
al. (1997). In the light curve, classlooks rather similar to the a sequence of smaller oscillations (see Fig. 19d). The length
previous one (see Fig. 18). The main differences with glase of these oscillations increases with time and often their peak
the possible presence of long quiet intervals between traindritensity decreases. The quiet intervals mentioned above can
oscillations (not shown in the example considered here, but sesily be identified with state C. They show the characteris-
Fig. 2), the different characteristic shape in the 1s light curvég shape in the CD (Fig. 19c) and in the light curve(Fig. 19b),
and the lower regularity of the oscillations. The very fast diggso seen in previous cases (see Fig. 4 and 6). The strong peak
observed in class can also be seen here, but are less deep. Thdowing each quiet interval looks practically identical to the
long quiet interval, followed by a short high flux flare sometimeguasi-periodic ones from clags(Fig. 16). Not only do they
observed in observations included in this class (see Sect. 3.1)ase the same shape in the light curve (compare Fig. 19b and
very similar to that in clasa and\ so it will not be discussed 19e with Fig. 16b), they also show the same loop in the CD. This
here. The difference in the regular light curve of classith can be seenin Fig. 19f, were the CD belonging to the peak from
respect to clasg consists in the presence of a dip at the erfeig. 19e is shown. Therefore, during this peak the source moves
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through all the three states as explained in Sect. 3.10. In sonighlight the similarities with other classes. An example of this
observations, the initial strong peak shows a marked HR2-soéin be seen in Fig. 20d and Fig. 20b, were we show observation
‘dip’ similar to that observed in clags(Fig. 18). All the smaller K-45-03 (Observation interval #1). Periods of large variability
oscillations resemble the ones shown in Fig. 18 for class  (between~ 8 and~ 40 kcts/s), similar to those seen in class

A (see Sect. 3.2), are alternated by quiet intervals. These quiet
3.12. Class? intervals are similar to those from observations in clasthe

main difference being the fact that here the dip phase after the
Observations grouped in clagsshow a large variety of com- strong peak is much less deep. The resulting CD (Fig. 20c) is
plex behavior and for this reason are described as last, in ordetlaracterized by a long elongated cloud stretching diagonally,
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and it shows a great resemblance with the CD’s seen in alaskID, but the transition from state B back to A is characterized
(Fig. 4). In order to identify the different states in the observay a softer HR141), thus following the branch on the left. It is
tion shown in Fig. 20, we make use of the similarities with thalso possible, as explained before, to make the transition from
other classes, as mentioned above. From comparison with cktsse B to state C. The source then again follows the left branch,
0 (Fig. 6), we can therefore identify state C and A in the quiet ilout makes a turn to higher HR2 values as it moves to state C. The
terval, as indicated in Fig. 20b. The positions in the CD for thepeesence of two branches corresponding to state B will be dis-
states are the same as found in clagésee Fig. 6¢): a relatively cussed in the next Section. Notice that classthe one that has
soft state A (below HR1=1.0 and HR2=0.1) and a state C whiafost extensively been studied, especially in multi-wavelength
is much harderin HR2+¢0.12). As we have seen in the previousampaigns (see Markwardt et al. 1999; Eikenberry et al. 1998).
sections, after state A the source can make a fast transition ititis clearly the most complex and possibly the most important
state B, as seen for instance in clasgFig. 4b). However, in of all our 12 classes, and it is presented last here only because
the case presented here the transition to state B is much morerder to understand its structure one needs to examine simple
gradual. The spectrum becomes progressively harder, resultfagses first. Its analogies and differences with claage very

in a connection between state A and B in the CD (the diagon@aportant, but a complete analysis of them is beyond the scope
“finger-like” structure). The quiet interval therefore contains adf this paper.

the three states A,B and C. As mentioned before, the periods

showing the large variability are rather similar to the ones shown

in class\ (Fig.5). Only here the large dips all have the sam& Discussion

count rate £ 8 kcts/s, see Fig. 20b,d), whereas in classot
only the average count rate in the dips is highefL@ kcts/s), but
also different count rates are observed there (Fig. 5b). Neverthrethe previous sections, we classified and described in detail the
less we can conclude that during these large variations, asvidrole complex phenomenology displayed by GRS 1915+105in
the ones seen in classthe source is switching between all thehe first two years of RXTE observations. Despite the extreme
three states A,B and C. This can be seen by comparing Fig\@biety of behavior, our analysis allowed us to identify three
with Fig. 20e, where a part of the variation interval is showmain states, the alternation of which are at the base of all the light
The only difference is that in Fig. 20e the state A intervals haeeirves and CDs included in Table 1. While all that has been said
a lower count rate than the state C ones. As a result of this osbiéfore is completely model-independent, we will now discuss
lating between states during these variations, two branchestfwa results in terms of the “standard” spectral model consisting
state B appear in the HID (Fig. 20a). When the source mowefa disk-blackbody componentand a power law. The three states
from state A to state B it follows the branch on the right in thean be characterized (and identified) in the following way:

4.1. The disk-instability model: states B and C
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— State A: CD position well above the power-law line (i.e4.2. Long-lasting effects of the instability

with a substantial contribution to the flux by a disk compoAS we have seen, during the three long quiet intervals included
nent with kT>1 keV). Mostly little time variability, some- ' 9 94

times red-noise variability. in our sample, the CD analysis shows that the spectrum of

_ State B: CD position above the power law line, higher tha%RS 1915+105is in first approximation consistent with a pure

state A. Substantial red-noise variability on time scales power law, possmly W'th. a hlgh_-energy Cutoft. A" these obser-
1s. yatlons have been identified V\.II'[.h state C, and since they appear

- Stte C:Cpostonuponar el pover e ither f§ 1% SEDTAEIong vt s oassorte coc el
disk contribution or very soft disk inner temperatured(5 94 P 9 :

keV). White noise variability seen on time scales of 1s. of the disk-instability model applied to GRS 1915+105 itis in-
deed possible to have a re-filling phase that lasts for a month

or more. This can be achieved with a large radius of the un-

If no structured variability is present in an observation (i'e'bservable inner region of the disk. which as we have seen is
classesp andy), state C can be distinguished from the otheld 9 '

by the position in the CD with respect to the power-law lin as;ociated with a softening of the disk gomponent ar\d a flat-
while state A and state B differ by their value of HFState A (?émng of the power-law component. During the_s_e periods, the
has HR <1.1. state B has HR>1.1. In all the other cases soft component becom_es therefore_so soft thatitis not_detected
states A and B can only be separated by comparing the po’iﬁ?gmore (due to the high value of interstellar _absorptlon) and
in the CD: state A points are either softer or fainter than state power-law compon_ent bg_comes progre§5|vely harder .(see
ig. 11). However, the instability model applies only to the in-

points. - ) .
Notice that a crude subdivision in states, based on a singger radiation-pressure-dominated region of a Shakura & Sun

) e ev (1973) accretion disk, which for reasonable parameters
observation (K-45-03, c!a?g) .has bee”n “presented by Mar'k cannot extend beyond a few hundred kilometers from the black
wardt et al. (1999). Their “quiet state”, “low-frequency nois

.%ole. This means that in order to reach the relevant time scales,

state” and "1-15 Hz state” can be identified as specific Irﬁe accretion ratdI must also be lower (notice the strong de-
stances of our A,B,C states. respectively. Following Belloni E : A 9
endence of,.¢;; on M). The association between the long

al. (1997a,b), from the position in the CD, we can identify stafs ! . . .
B with the typical situation observed in black-hole candidate Liet periods and single state-C events is strengthened by the

in high-flux states: the energy spectrum is the superposition of aserved properties of the 1-10 Hz QPOs in both cases (Mark-

thermal component originating from an accretion disk which Jyardt et al. 1999; Muno et al. 1999; Trudolyubov et al. 1999).

observable down to the innermost stable orbit, and of a powe uno etal. (1999), in their analysis of a large number of RXTE

law component with a steep slope (see Belloni et al. 199./o‘,i_servatlons, find a correlation between the frequency of the

Markwardt et al. 1999). With the same spectral model, in sta 'elo Hz QPO and the inner radius (.)f the acc_ret!on disk (as
C the power-law componentis much more dominantandthedWasured through spectral fits). If during the quiet intervals the
c‘?l k has a large inner radius (so large that the disk component

component softer. Let us compare our analysis with propose : ; . .
models, abandoning for the moment our model-independenéfrggtfSeen N the:c,lﬁ(\jspl)ectra)é)followng thls”cor;(.al'layon, thbe
In the model by Belloni et al. (1997a,b), this state correspon S rr]eg:igcﬁzs(_?:judgﬁabi% e? ;?tlggg;qz(’)v\(/ve\ll:rltBC;Ir;nie
to the unobservability of the inner portion of the accretion dis i Ig 1997b ked 'Elh t what ' b ' q ,d .
due to the onset of an instability. As the refill timg. ;;;; is et al. ( ) remarked that what can be measured during an
related to the viscous time scale at the inner edgeoRthe !nstab!l!ty phase is the inner O.“Sk radius at the b(_egmnlng of the
observable part of the disk, the re-fill time for the inner regio'rqStab”'ty' Thg slow refilling is not opsgrvable in the energy
i spect_rum, while the QPO frequency is indeed seen to increase
with time as the disk is refilled. Therefore, what must be asso-
Trepitl o< REIM 2 1 _ciated toa I_arg_e radius is thsdnwes_iQPO ot_)served in such an
interval, which is about 0.6 Hz (Reig et al., in preparation). This
This means that the larger the region affected by the instahilould not be inconsistent with the correlation by Muno et al.
ity, the longer the state-C event will last. From Belloni et a{1999).
(1997b), although their definition of CD is slightly different As we have shown in Sect. 3.4, the differences between dif-
from that used in the present work, we can see that the lonfnent long quiet intervals can be interpreted as differences in
the state-C event, the harder the X-ray colors. Since in stateNG; (between 2 and $10*2cm~2), but also as differences in
as compared to state B, the disk component becomes softer, ligh-energy spectral cutoff. A detailed analysis of the energy
means that in state C the power-law component hardens. T¢pectra from these observations will be reported in a second
effect is observable in our data too: the longer state-C events pager. Notice, however, that a cutoff in the broad-band X-ray
located to the right in the CD (see Fig. 2). Therefore, our analgpectrum of GRS 1915+105 has been observed by Trudolyubov
sis is in agreement with the disk-instability model, although @t al. (1999) for the same set of observations, although their value
course a detailed spectral modeling of all observations woutit the cutoff energy (70-120 keV) appears too high to explain
be needed to say something more firm. these differences. The presence of a high-energy cutoff is also
reported by Muno et al. (1999) and Feroci et al. (1999).
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4.3. The soft state (state A) 1997; Trudolyubov et al. 1999; Markwardt et al. 1999; Muno et

. . I..1999, Feroci et al. 1999; Cui 1999). Following these results,
we have.seen that, bes!des state B and state C, a third SKalgeinteresting to compare the presence of the different QPOs
appears in most of the light curves we have analyzed. Whj

. . . ! ; "OBserved in the light curves with the three states described here.
in most cases this state is well defined, in some observati S so-called “intermediate” QPO, usually between 1 and 15
a gradual transition between state A and state B is obsery ’ y

. ) . ﬁz’ is clearly connected to state C (see Markwardt et al. 1999;
although the transitioto state A is always sharp. We con&dewno etal. 13/999_ Trudolyubov et al.(1999).As one can see from

Il:t):cﬂgsée(;‘tt?:ts?ar?tqrez;rfzag:1hse Egglzrnenig Srf:(\;/gr;awg i;ar:‘ﬁqeese works, this QPO appears always and only during the state
P : 9 ' ftervals. Since the frequency of this QPO is proportional to

thatin the disk+power-law model, the difference between St% e? observed rate (see Markwardt et al. 1999), it is possible that

Aan(_j state B COUId. be dueto a<_j|_ffer_ence N power Iawslope, tBHe QPO is a tracer of the keplerian motion at the (large) inner
only if combined with very specific simultaneous changes in the

. h . radius of the observable disk, but no precise measurements sup-
inner temperature of the disk. Also, the changes in power | b P

slope would be very large. A simpler model is to assume that rt his conjecture. If the 67 Hz QPO (Morgan et al. 1997) is

inner temperature of the disk changes. since the state A o S 2 eeed associated to either the keplerian motion or relativistic
. P . ges, . . recession at the innermost stable orbit of the accretion disk
B line moves parallel to the disk-blackbody line (see Fig. 14

o o ) >~ (Morgan et al. 1997 Zhang et al. 1997), it should not be ob-
Preliminary spectral fits indicate that indeed there are variations . . .
in the temperature of the disk-blackbody component Ifthe'nns?rVEd during state C, when the observable inner radius of the
: peratu : y P : NSk is much larger than the innermost stable orbit. Although

radius of the disk does not change, variations in the temperatgreexhaustive analysis has not been made, Trudolyubov et al.

of the disk are directly associated with variations in the loc : :
accretion rate through the inner radius. To test whether snﬁ%gg) do not report a detection of such a QPO in the state-C

L . .observations they analyzed. As far as the low-frequency QPOs
local variations can happen on time scales below a second, sipc y y d yQ

X . . %he frequency range well below 0.1 Hz) are concerned, it is
they are connected to the viscous time scale at the inner e q y rang ) '

e - .
; : X %ar from our analysis that they are simply caused by the state
of the disk, we can take the relation measured by Belloni et ﬁﬁgillations presented above.

(1997b) between viscous time scale and radius, and extrapola
it down to their minimum observed inner disk radius-&f0 km.
We obtain a time scale 6£0.5 s, therefore of the right order of4.5. How many variability classes?

magnitude (differences in average accretion rate will influengg we said above, it is not within the purposes of this work to
this number). '

. . . rovide a complete classification of all the light curves in terms
The interpretation of the difference between state Aand St%tethe absolute minimum number of possible classes. However
B in terms of a difference in inner temperature of the accreti '

¥ls interesting to note that the three states described in the pre-

?'Sk '."i. als_o n adgrelein?rr:_t va'th the pLefﬁng_e I(<)f ﬁases V\f{here\%eﬁs sections and the state transitions between them could in
ransition s gradual. Inthis iramework, tne disk changestemp FTncipIe give rise to amuch larger variety of light curves, while

attl:.rehln rest[)) onsedto (ihang%sdm th\(/avlr(])ctal ackc retion rate: dcha a limited number has been observed so far. In particular,
which can be gradual or sudden. Yvhat makes us consider s e of the classes seem to repeat in an almost indistinguish-

Aa S eparate state 'S the presence of the sudden transition%blfg manner separated by months or even years. It is therefore
particular, the transitions state A are always fast. ._clear that the structure of the time variability, i.e. the specific

Th The sc?naréq tl?at erﬁergeds_:rrom E{ht's work ItS the fgllowm lternation of states, is not controlled by a random parameter,
e accretion disk can have different temperatures, depen is related to physical quantities.

on the accretion rate. The variations in temperature can some-
times be very fast. Thisisin principle completely independent of _ _
the onset of the instability described in Belloni et al. (1997a,1);6. Relation to standard black-hole candidates

since A-B transitions are observed even in absence ofinstabi,i[tyS interesting to note that, when in state B, GRS 1915+105
gver_lts. Something similar might be observed in other sourc, ows energy spectra and,power spectra n,ot unlike those of
like in the case 9f G,X 339,'4 (Mlyamoto et_ aI._1991). Howeve{he so-called Very High State of black-hole candidates (see van
whenever the disk |pstab|I|ty is at work, it triggers such teMyer Kiis 1995). The energy spectrum is a typical disk compo-
pergture ghanges, since as we have ShC?W” above 6,“ th'e e%ﬂrdown to a few dozen kilometers radius, plus a rather steep
an instability evenF (whe_n the inner portion of the disk IS nci}ower—law component. The power spectrum is also similar to
observable), the d|§k_ swﬁcheiwgysto state A andheverdi- that of a VHS (see Markwardt etal. 1999; Muno etal. 1999; Bel-
rectlyto state B. Thisis the pnly I|r.1I.< between the tWO Processpy; 2000a). State A is softer and usually (but not always) less
(temperature changes and instability) and can provide importgti, e “and shows sometimes sharp transitions with state B:
clues on both mechanisms. something similar, although less spectacular, has been observed
in the Very High State of GX 339-4 (the so-called “flip-flops”,
Miyamoto etal. 1991). We can conclude that when itis observed
The detailed time variability of GRS 1915+105 has been stug-one of these two states, GRS 1915+105 does not differ much
ied by a number of authors (Morgan et al. 1997; Chen et &lom a standard black-hole candidate. During state C, an insta-

4.4. Time variability and the three states
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similar to those of “canonical” black-hole candidates in their In-

termediate state (Belloni 2000a; Trudolyubov et al. 1999). The

energy spectra are also similar to the Intermediate State, with a

power-law component with a slope of 2.2-2.5 and a soft coriteferences

ponent (see Belloni et al. 1997b; Markwardt et al. 1999). Thejyn ¢.p,, Orosz J.A., McClintock J.E., Remillard R.A., 1995, Nat
association to the Intermediate State becomes stronger whergzg 157

we look at the long quiet periods: here the power law becomg&iioni, T., 2000a, Proc. of 3rd INTEGRAL Meeting, in press
flatter and reaches 1.8 (see Fig. 11 and Trudolyubov et al. 1988)loni T., 2000b, In: “The Neutron Star Black Hole Connection”,
and the characteristic frequencies in the power spectrum be-NATO/ASI, in press.

come smaller (Trudolyubov et al. 1999). Both the timing arfgelloni T., Méndez M., King A.R., van der Klis M, van Paradijs J.,
the spectral features approach those of the canonical Low State 1997a, ApJ 479, L145

Since a similar instability is not observed in standard sourc&§!loni T., Méndez M., King A.R., van der Klis M, van Paradijs J.,
we can conclude that most likely the Intermediate Statets 1997_b' ApJ 488, L109 .

caused by such an instability, but that the instability mimicggzggﬁzizgg 2'3" g:g:g:g" tﬂzg z i?zlz’ Iﬁ;f'f;:gg 469
the conditions that give rise to an Intermediate State. In other. W., 1999, AF.JJ.’524, 159 B B ' ’
words, the source looks like it is in a “canonical” IntermediatgickeyJ.M_‘ Lockman F.J., 1090, ARA&A 28, 215

State because the instability produces the necessary conditi®Rsn x., Swank J.H., Taam R.E., 1997, ApJ 477, L41

for such an energy spectrum and such a power spectrum to beiig@nberry S.S., Matthews K., Morgan E.H., Remillard R.A., Nelson

produced, i.e. a missing or invisible inner disk. R.W., 1998, ApJ 494, L61
Fender R.P., Pooley G.G., Brocksopp C., Newell S.J., 1997, MNRAS
290, L65
s ;
4.7. The twelve classes as standard modes~ Fender R.P., Pooley G.G., 1998, MNRAS 300, 573

We have shown that it was possible to classify the remarkalfgnder R.P., Garrington S.T., McKay D.J., et al., 1999, MNRAS 304,
variability of GRS 1915+105 in twelve classes. Although more ©° M. Matt G.. Poolev G.. et al. T. 1999 ASA 351 985

u ” T . g eroci M., Matt G., Pooley G., etal., T., , ,

modes” of variability might be present, it is remarkable th rank J., King A.. Raine D.. 1092Accretion power in Astrophysics”

only a handful of classes can be used to represent all observa—Cambri dge University Press, Cambridge

tions. Indeed some patterns repeat almost exactly at a distaRf§er J., Morgan E., Remillard R.A., 1996, ApJ 473, L107

of months (see Belloni 2000b). Clearly, the presence ofthree Rgsrwardt C.B., Swank J.H., Taam R.E., 1999, ApJ 513, L37

sic states, even with well defined characteristics, is not enoughabel I.F., Rodiguez L.F., 1994, Nat 371, 46

to explain these features. Despite the almost infinite numbemaifabel I.F., Duc P.A., Rodguez P.A., et al., 1994, A&A 282,17
ways to alternate the three states, GRS 1915+105 “choose#’abel I.F., Dhawan V., Chaty S., et al., 1998, A&A 330, L9

only a few. This indicates the presence of a small number Mitsuda K., Inoue H., Koyama, K., etal., 1984, PASJ 36, 741
modes of variability, modes which must be connected to badféyamoto S., Kimura K., Kitamoto S., Dotani T., Ebisawa K., 1991,

properties of the accretion disk. ApJ 383, 784 _
Muno M.P., Morgan E.H., Remillard R.A., 1999, ApJ 527, 321

_ Morgan E., Remillard R.A., Greiner J., 1997, ApJ 482, 993
5. Conclusions Nayakshin S., Rappaport S., Melia F., 1999, ApJ, in press

. Paciesas W.S., Deal K.J., Harmon B.A., et al., 1996, A&AS, 120, 205
We analyzed a large set of RXTE/PCA observations QfgoleyGG 1995, IAU Circ.. 6269

GRS 1915+105 by means of X-ray color diagrams. We cou,iq)mey G.G., Fender R.P., 1997, MNRAS 292, 925

classify the light curves in 12 separate classes based on ggillard R.A., Morgan E.H., 1998, Nucl. Phys. B (Proc. Suppl.),
color variability and the light curve. In each of these classes, we 69/1-3, 316

could reduce all source variations to the alternation of three baRises M.J., 1966, Nat 211, 468

states. We interpret one of the states as the product of a therrRaldiiguez L.F., Mirabel I.F., 1999, ApJ 511, 398

viscous instability as proposed by Belloni et al. (1997a,b), afdzonov S.Y., Sunyaev R.A., Lapshov, LY., etal., 1994, Astr. Lett. 20,
the other two as reflecting different inner temperatures of the 787

accretion disk. This classification provides the necessary bagkakura N.l., Sunyaev R.A., 1973, A&A 24, 337

ground for a detailed analysis based on spectral fitting. Taam R.E., Chen X., Swank J.H., 1997, ApJ 485, L83
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