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ABSTRACT

We present a comprehensive spectral-timing study of thekiilale candidate MAXI J1659-
152 during its 2010 outburst. We analysed 65 RXTE obsemattaken along this period
and computed the fundamental diagrams commonly used ty btadk hole transients. We
fitted power density and energy spectra and studied the tamolaf the spectral and timing
parameters along the outburst. We discuss the evolutidreofariability observed at different
energy bands on the basis of the relative contribution ofitee and hard components to the
energy spectrum of the source. We conclude that hard emiasimounts for the observed fast
variability, it being strongly quenched when type-B ostilbns are observed. We find that
both disc and hard emission are responsible for local coatetpeaks until the system reaches
the soft state. From that point, the peaks are only observétki hard component, whereas
the thermal component drops monotonically probably follampthe accretion rate decrease.
We have also computed time-lags between soft and hard Xagghility confirming that
lags are larger during the hard-to-soft transition thanrduthe hard state.

Key words. accretion disks - binaries: close - stars: individual: MAX1659-152 - X-
rays:stars

1 INTRODUCTION 2011).

The high energy spectrum softens during HSS since a thermal
Black hole X-ray transients (BHT) spend most of their lives i g black-body component becomes dominant. The rms drops
quiescence, displaying luminosities too low to be detedigd  pelow 5 per cent and a much more scattered rms-flux correlatio
X-ray all-sky monitors (see e.g.. Garciaetal. 1998). They a s gbserved (see Mufoz-Darias etlal. 2011 for the evolutibn

discovered during outburst events in which their X-ray loasity the long term rms-flux relation along the outburst). The asitu
increases by several orders of magnitude and their speaml  fion is more complex in between these two ‘canonical’ states
time variability properties change with time. This leadsthe A hard-to-soft transition at high flux is generally observed
definition of the so-called ‘states’. There is still muchatission relatively short time scales (hours/days) as comparedosetseen

about how many different states there are (van der Klis 12006; for the canonical states (weeks/months). During this ttiams
Bellon| (2010 for recent reviews), but X-ray observationseha  poth timing and spectral properties change dramaticalding to
made clear the presence ofhard state (historically known as  jntermediate’ stated. Homan & Belloni (2005) ahd Bellohaé
low/hard, LHS) at the beginning of the outburst, which evolves (2005) identify two additional states, the hard-internagelistate
towards asoft state figh/soft HSS). The LHS is also observed  (i4)\MS) and the soft-intermediate state (SIMS) based ontsplec
at the end of the outburst and it is characterized by a poaer-l  anq timing properties (sée Wijnands ef al. 1999, Caselld20ad

dominated energy spectrum with a power-law index~of 1.6 and[Casella et 4l 2005 for different types of quasi periadicil-
(2-20 'feV bar’1d). This power-law component is though to arise |ations (QPOs)). In this paper we would follow this classifion
from a ‘corona’of hot electrons, where softer seed photamsirg (seé McClintock & Remillarid 2006 for an alternative clagsifion

from an accretion disc are up-Comptonized (e.g., Gilfan@%(2 and Motta et al. 2009 for a comparison). The count-rate dcops
for a review). Compact radio jets are observed during the ($¢8 siderably during the HSS and a final soft-to-hard transitiovards
e.g.,.Fender 2006) and synchrotron emission could alsouatco quiescence is usually observed. Whereas the main prapeftibe
for the high energy emission during this stage of the outburs | HS and HSS are known and have been studied in many sources
(Markoff et al.|2001). Aperiodic variability with a fractial root finding a relatively homogeneous behaviour, the study ofithele
mean square amplitude (rms) above 30% is also seen. It isstlmo o, thurst evolution and state-transitions has proven mbrsive

energy independent_(Gierlinski & Zdziarski_2005) and shar  ang very different behaviours have been reported depemirige
correlated with flux [(Gleissner etldl. 2004; Mufioz-Daribale
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system.

MAXI J1659-152 was discovered independently by
Swift/BAT (GRB 100925A| Mangano et al. 2010) and MAXI/GSC
(Negoro et al! 2010) on September 25, 2010. A variable dptica
counterpart was soon detected (Marshall 2010; Jelinek et al
2010;/ Russell et al. 2010), showing broad, double-peak soms
lines FWHM ~ 2000 kms~') typical of accreting binaries
(de Ugarte Postigo et al. 2010). The source was detectedlia ra
with a linear polarization level of~v 23% (van der Horst et al.
2010), submillimetres| (de Ugarte Postigo etlal. 2010b) aedr n
infrared (D’Avanzo et all 2010) wavelengths. At high enesgi
MAXI J1659-152 was also observed by tRossi X-ray timing
explorer (RXTE) and the XMM and INTEGRAL observatories
(Kuulkers et al. | 2010;| Vovk et all 2010). RXTE observations
performed 3 days after the discovery revealed strong Sittigs
with the typical timing properties of BHT during the HIMS
(Kalamkar et al. 2010) indicating that MAXI J1659-152 is adk
hole candidate. This was confirmed by the subsequent tiamsit
to the SIMS and HSS observed on October 12 (Bellonilet al.
2010b) and October 17 (Shaposhnikov & Kazutaka 2010), cespe
tively. After a short (15 days) stay in soft states, a newsitéon
to the HIMS was observed (Mufioz Darias €etlal. 2010b). X-ray

dips with a recurrent period of 2.41 hours have been detected

in MAXI J1659-152, pointing to a high orbital inclination dn
suggesting that MAXI J1659-152 is the black hole binary wfih
shortest orbital period (Kuulkers et/al. 2010b; BellonileP@10c;
Kuulkers et al! 2011). Here, we study in detail the evolutain
the spectral and timing properties of the source along tHe 20
outburst until observations were interrupted due to Suistramts.
We focus on the evolution of the variability during the haodsoft
and soft-to-hard transitions and how it is related to thetiet
contribution of the various components present in the gnerg
spectra.

2 OBSERVATIONS

We analyse 65 RXTE observations of MAXI J1659-152 performed
within September 28, 2010 and November 11, 2010.

The variability study presented in this paper is based oa ftatm

the Proportional Counter Array(PCA). For some observations the
mode GoodXenon®s was used but most of the data are in the
mode E125us64M_0_1s, which covers the PCA effective energy
range (2-60 keV) with 64 bands. Power density spectra (PBS) f
each observation were computed following the procedurknedt
in|Belloni et al. (2006). We used stretches 16 s long and PGéA-ch
nels 0-35 (2-15 keV).
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Figure 2. Rms-intensity diagram obtained following Mufoz-Dariagk
(2011). Each point corresponds to an entire observatiorolid Bne joins
consecutive observations starting from observation #g, (pen circle).
Stars correspond to observations with a type-B QPO in the. PId8ed
lines represent the 1, 5, 10, 20 and 30 per cent fractionalevess.

3 ANALYSISAND RESULTS

We computed the fundamental diagrams commonly used for the
study of BHT and performed fits to the energy spectra and PDS.
The QPOs present in the PDS have been classified following
Casella et al. (2005). Finally, we have also measured tags-be-
tween soft and hard variability for the only observationg@mough

to perform this analysis.

3.1 Fundamental diagrams

As a first step of the analysis, we computed the hardnesssitye
and the hardness-rms diagrams (HID and HRD), which are pre-
sented in the upper and middle panels of[Rig.1, respectiély
fractional rms was computed within the frequency band 31-6
Hz following |Belloni & Hasinger|(1990). We have also complite
the rms-intensity diagram (RID) presented in Hig. 2 follogi
Mufioz-Darias et al (2011). Rms values obtained by usingfa s
(2-6 keV) and a hard (6-15 keV) band are shown in the upper
panel of Fig[B as open and filled circles, respectively. Tdrapmar-
ison between the rms observed in these two bands is effctive
rms spectrum of two energy bins. This is enough to get a feliab
estimation of the energy spectrum of the variability everewh
the count rate is low. The latter results in large error bausing

The PCA Standard 2 mode (STD2) was used for the spectral narrow energy bands. This method allows us to infer whether t

analysis. It covers the 2-60 keV energy range with 129 cHanne
From the data, we extracted hardnek} €lefined as the ratio of
counts in STD2 channels 11-20 (6.1-10.2 keV) and 4-10 (313-6

rms spectrum is flat, hard or inverted (i.e. more variabiityiow
energies) for each observation. For a more detailed cosgari
we show in Fig[# three rms spectra corresponding to obsengat

keV). Energy spectra from the PCA (background and dead-time taken along the hard-to-soft transition. They are obtainsitig

corrected) were extracted for each observation using thedatd

RXTE software withinHEASOFT V. 6.7. For the spectral fitting,
Proportional Counter Unit 2 was solely used. In order to anto
for residual uncertainties in the instrument calibrati@ystematic
error 0of0.6% was added to the specﬁka

six energy bands and give results consistent with thosectirabe
extracted from the upper panel of Aig. 3.

The source describes in the HID the standard g-shaped pat-
tern moving from observation #1 (open, big circle in Eib.d}he
counter clockwise direction. However, the initial flux ris@s not
observed by RXTE and, as pointed out by Kalamkar et al. (2010)

1 seé http://www.universe.nasa.gov/xrays/programspaegdoc/rmf/ipcarmf-11fiae first RXTE observation already correspond to the HIMSsTh

for a detailed discussion on the PCA calibration issues.

is confirmed by the fact that no hard line (i.e. sharp, lineas-flux
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Figure 1. Upper panel: hardness-intensity diagram obtained usinth@lRXTE observations available. Intensity correspondht count rate within the

STD2 channels 0-31 (2-15 keV) and hardness is defined astih@faounts in 11-20 (6.1-10.2 keV) and 4-10 (3.3-6.1 keVID3 channels. Each point
corresponds to an entire observation. Observations withracerrespond to those with a type-B QPO in the PDS. Soli jldins consecutive observations
starting from observation #1 (big, open circle). Obseoratitaken after the last type-B QPO are joined by a dotted Dashed lines delimit the range
in hardness where these oscillation are detected. Middielpaorresponding hardness-rms diagram within the 0.H&4requency band. Lower panel:
corresponding power-law (open triangles) and disc (opamdnds) relative contributions to the observed count sse Gecf_312).

relation; Mufioz-Darias et al. 2011) is observed in the RAfier

~ 16 days in the HIMS, where the count rate peak is observed,
type-B QPOs are seen in the PDS, indicating the system isin th
SIMS. Once this state is reached, fast transitions are wbdédre-
tween the SIMS and the HSS. A hard excursion to the HIMS be-
tween two soft excursions is observed. After an importantesse

in count rate the system reaches the softest (observed)qfdime
outburst and a soft-to-hard transition is seen. The folhgwdan be
outlined after a detailed study of the fundamental diagrams

e The rms decreases monotonically during the first HIMS ob-
servations. The corresponding PDS show strong type-C QR©Os t
ical of this state. As usually observed in BHT, a fast de@das
rms is observed during the transition between the HIMS apd th
SIMS. All the type-B QPOs are observed within~ 0.40-0.37

Gierlihski & Zdziarskil 2005). Less variability is obsedvén the
soft band as the system gets soft, but in contrast with whagus
ally observed (see e.g., Mufloz-Darias et al. 2011 for trse cd
GX 339-4), the hard rms slightly increases during the HIM&I¢m
dle panel in Fig[h). The rms drops abruptly from the last HIMS
observation to the softer SIMS observations. In the hardl bans
fades from~ 20% to 4% within the narrow range of hardness
where type-B QPOs are observed (dotted lines in[Fig. 1 an@lrig
The rms minimum ah ~ 0.35 is observed in both hard and soft
bands, being the rms spectra flat again (see upper panel.[g &gl
lower panel in Fig: ¥). Betweeh ~ 0.25-0.35 we see again much
more variability at high energies (upper panel in Eig. 3)rdHans
spectra are observed during the soft-to-hard transititinthey be-
come flat or slightly inverted. This behaviour is typical bétLHS
(Gierlihski & Zdziarskil 2005| Mufioz-Darias etlal. 201Q)dait is

(see dashed lines in Fifl 1) and a minimum in rms is observed observed in the last four RXTE observations.

ath ~ 0.35. From that point, rms increases with softening. This
trend is not observed during the second soft excursion ansdft-
to-hard transition (dotted line in Figl 1), but a constans k8%
value is seen until the system reaches again the HIMS. Assfar a
we know, this clear break in the hardness-rms relation widb}
served in BHT has not been reported before (however seesdiscu
sion in Sect[W). The above behaviour is present in both,asuft
hard energy bands (Figl 3), but it is much more prominent é th
hard channels.

e During the first observation, the rms shows an almost flat en-
ergy spectrum (see upper panel in Eib. 4), consistent witht \igh
observed in early HIMS observations in other systems (sge e.

e No hard line is observed in the RID (FId. 2). The adjacent hard
line seems to be obeyed by the last four RXTE observationsnwh
a flat/inverted rms spectrum are observed, confirming tlegtdbr-
respond to the LHS. We note that this HIMS-LHS transitionialih
is not obvious when looking at the HID, is sharply marked ia th
RID. As seen in GX 339-4, type-B QPOs are localized inthg—
10% region of the RID. Thisl0% line seems to divide precisely
HIMS and SIMS observations; as an example, observation®510
01-21-00 with a very late HIMS PDS (low coherent Type C QPO)
has a rms ol 1%. The~ 5% border is not so sharp, especially at
count ratesg 350 cts s ! where some observations without a type
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Figure 3. Upper panel: hardness-rms diagrams obtained by using$®@Z 0-9; 2-6 keV) and hard (STD2 10-31; 6-15 keV) energy bkdind computing
rms, respectively. Dotted and dashed lines represent the sa in Fig.lL. Middle and lower panels: power-law (opemgies) and disc (open diamonds)

contribution to the observed count rate within the abovedban

B QPO cross this line. This is due to (i) fast transitions estavthe
HSS and SIMS in the region around 350 cts s, which results
in hybrid observations (see also Mufioz-Darias et al. 20drid (ii)
the already mentioned break of the usual hardness-rmdatiore
during the two soft excursions observed. This results in BBS
servations with rms> 5% and around~ 15% in the hard band.
Indeed, a clear soft branch (rms1-5 per cent) is not present in
the RID.

Finally we show the RXTE light-curve (2—-15 keV) during the-ou
burst in Fig[5. SIMS and HSS epochs have been marked with ligh
and dark grey bands, respectively. The thick solid line esents
the transition to the LHS.

3.2 Spectral evolution

We have performed a spectral fitting of the 65 observatioat- an
ysed in this paper. Energy spectra have been fitted withibaine

~ 4-22 keV, where RXTE/PCU offers its maximum throughput
and spectral calibration is reliable (see e.g.. Jahoda @08i6).
We have usedksPecC v 11.3.2. Given the multitude of spectral
models available, we tested several ones in a first apprddgs.
method has been already adopted for other sources (e.g.36&X 3
4,|Nowak et al. 2002; Cyg X-1, Wilms etlal. 2006).

We started with models of one single component, either affcuto
power law or a multicolor disk blackbody. Neither of them tbu
fit the spectra. In order to obtain good fits and acceptablanpas
ters, a model consisting of a simple power-law plus a multéc
disk-blackbody component was used. No high energy cutssiha

keV, e.g., Motta et al. 2009, Mivakawa et al. 2008). A Gaussia
emission line with a centroid constrained between 6.4 a8d&V
was also needed. A hydrogen column density was usetg in
XSPEQ, with N frozen to3 x 102'cm 2, the value derived from
SwiftXRT (Kennea et al. 2010). The addition of an iron edge did
not significantly improve the fits. No evident residuals doegd-
flection features were evident apart from the iron line, thos
additional reflection component was needed to describe ate d
In a second step, we tried to fit the spectra using more saphist
cated Comptonization modelsdmptt pexray but the result was
not statistically better than that obtained by using the ehate-
scribed above. Usingompttand pexravwe obtain a value of the
x2.4 higher than that obtained with the powerlaw+diskbb model.
We conclude that a empirical simple model constituted bywa-po
erlaw+diskbb is sufficient to describe the data. In Elg. 6 wasent
the evolution of the main spectral parameters along theuosith
evolution. Our results are consistent with a constant inligr ra-
diu§ around~ 40 km (assuming an orbital inclination of 70 de-
grees), showing a possible decrease at the end of the cutidlas
find an inner disc temperature in the range 0.6-0.9 keV, sensi
tent with the values usually observed in BHT (see é.g., Meittl.
2009).

The photon index of the power-law component increases from
~ 1.9 during the first HIMS observation te 2.3 during the soft
states. This value is lower than those usually observed i 8-

ing soft states. The photon index decreases again durinfintde

2 The normalization for thedi skbb component is defined as
Ripn/km

ciated to the powerlaw component was needed for any of the ob- (W)2cos®, where R,, is the inner disc radius (km), D is the dis-

servations, as expected from the energy range considerezR (

tance to the source (kpc) aglis the inclination angle of the disk.



soft-to-hard transition where values around. .7 are reached dur-
ing the LHS observations. The main spectral parametersnaata
for each of the observation are shown in Tab. 1. From thigtéale
also Fig[®) it is clear that our constraints on the disc patans are
sometimes poor. This is expected since by using PCA dataeve ar
only able to see the high energy part of the disc black body-com
ponent above the Wien peak. It is also known that, even ifliee t
di skbb model provides a good description of the thermal compo-
nent, the derived spectral parameters should not be ieteqbtit-
erally (see e.d. Remillard & McClintock 2006). However, wate
that this thermal component is clearly present in the datvesil
described by the model we use. Hereafter we focus on theicontr
bution of this thermal component to the total flux rather thrathe
evolution of single disc parameters to which our study is k-
sitive.

The fractional contribution to the observed count-rateoeissed
with the disc and the power-law component are shown in thedow
panel of Fig[l (2-15 keV), and in the middle and lower panéls o
Fig.[3 (2-6 keV and 6-15 keV). The following is noted by compar
ing these results with the hardness and rms evolution:

e During the LHS and the HIMSH( > 0.4; see Fig[1l) the rms is
well correlated with the power-law contribution to the fataunt-
rate and anti-correlated with the disc contribution. Thet flat
within 0.41 < h < 0.58 we see a higher rms during the hard-
to-soft transition than during the soft-to-hard (dottatk)i can be
also explained in terms of power-law contribution to theeslsd
count rate. The same conclusion can be extracted froniFipeBiw
the soft (2-6 keV) and hard bands (6-15 keV) are considered.

e During the SIMS (.37 < h < 0.40) the situation is different.
The rms decreases drastically, much faster than power-daivie
bution decreases. This becomes even more evident when Wwe loo
at the hard band in Fif] 3, which is clearly power-law donsgdat
There is no observation within this hardness band duringtfie
to-hard transition, but if we consider the closest two obegons
at both sides of the SIMS it seems probable that during thik ba
transition there is more variability and less power-lawtdbntion
than during the hard-to-soft transition.

e Inthe HSS & < 0.37) the behaviour is complex. During the
first soft excursion, when count-rate is above300, the rms in-
creases with softening, i.e. with disc contribution. Hoamefrom
Fig.[d it is clear that in the hard band (power-law dominattbe)
rms is larger than in the soft band (disc dominated) with tteep-
tion of the points very close to the SIMS, where energy spetf
the rms is flat. During the second soft excursion (countiater
than~ 300) the rms is constant and higher than that observed in
the first soft excursion, especially in the points close ®$hMS.
The power-law contribution slightly increases as compdeethe
previous soft excursion and there is much more variabilityhie
hard band than in the soft band. By comparing the two softrexcu
sions it is clear that we see very different variability llsve cor-
respondence with rather similar power-law and disc redatintri-
butions. We note that this second soft excursion at lowentcaie
and higher rms occurs right after the last type-B QPO is ofeser

Using the results from the spectral fits we computed the abso-
lute count-rates associated with the disc and the powe2ad/5
keV). We have over-plotted them in F[g. 5. Only during the HSS
epochs (dark grey bands) the disc dominates the observed-cou
rate. As seen in other systems the disc is not observed vitiin
XTE/PCU band at the beginning and at the end of the outbuigt (e
Motta et all 2009).

We also note that all the wiggles present in the light-cumeead-
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Figure 4. Rms spectra calculated for STD2 channels 0-6 (2-4.5 keV), 7—
9 (4.5-5.7 keV), 10-13 (5.7-7.3 keV), 14-17 (7.3-9 keV),2B(9-11.4
keV) and 24-31 (11.4-14.8 keV). They cover gradually thealiur ob-
served during the hard-to-soft transition within the fir8tobservations.
corresponds to MJD 55465.
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Figureb. Light-curve of the system along the outburst within the b2rib
keV (STD2 0-31). Count rates associated with the disc ancepéaw com-
ponents are shown as open diamonds and open triangles;tresiye SIMS
epochs are coloured in light grey, whereas the dark grepmegiorrespond
to the HSS. J corresponds to MJD 55465.

served in both components until the system reaches the H3%&fo
first time. From that point onwards (day 21), the count-rate as-
sociated with the disc decreases monotonically, probatbigviing
the accretion rate, and the wiggles observed in the lightecare
solely caused by variations in the power-law count rate.

3.3 Quasi periodic oscillations

Together with the timing analysis on the evolution of the atmg

the outburst and its energy dependence, we have also stidied
evolution of the main QPO properties. In table 2 we preseat th
fits for the 43 PDS in which Type-C QPOs were observed and the
9 PDS with a type-B QPO. Only in one observation (95118-01-
06-00) we see a possible type-A QPO, although its signifieésc
low and we will not consider it in our analysis. PDS fitting was



6 T. Muioz-Darias et al.

HARDNESS
°
(i b |

L

R (km)
LRRARLL
|

T (keV)

No
PN

(BARNRARNRARN RARN URARNRARNRARNERR)(

»

PHOTON INDEX
»

[ I O | Y I e e

Z‘O 5‘0 4‘[)

TIME (days)
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carried out with the standasdsPECfitting package by using a one-
to-one energy-frequency conversion and a unit responskw-o
ing|Belloni et al.|(2002), we fitted the noise components \thtiee
Lorentzians, one zero-centred and other two centred at difew
The QPOs were fitted with one Lorentzian each, only occabjona
needing the addition of a Gaussian component to better gppro
mate the shape of the narrow peaks and to reach values ofeeduc
x?2 close to 1. The behaviour of both Type-B and Type-C QPOs is
similar to that observed in other BHT (see €.g.. Belloni H0¥e
see the type-C frequency increasing with hardness, whgneas3

are always observed within the frequency rangg—4 Hz.
Following/Casella et all (2004) and Motta et al. (2011 in preg
have plotted total rms as a function of the QPO frequency. [Big
As it was found in those works, Type-C QPOs follow a clear neg-
ative correlation. This correlation seems to saturateratou 7.5

Hz. Interestingly, if we only consider the Type-C QPOs olsér
during the soft-to-hard transition (open circles in Eiga®lightly
higher slope is observed in the correlation.

Type-B QPOs are unequivocally separated from Type-C usiag t
rms-frequency representation and they are solely obsemesh
the rms is< 10 per cent.

34 Timelags

Time-lags between soft and hard variability were computedtfe
first observation (95358-01-02-00), the only one long ehofaoy
this purpose. Following Pottschmidt et al. (2000) we usedeh-
ergy ranges- 2—4 keV and~ 8-13 keV for the soft and hard bands.
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Figure 7. Total fractional rms (0.1-64 Hz) as a function of the QPO fre-
quency. Type-C observed during the hard-to-soft and seffiard transi-
tions are marked with a filled and an open circle, respegtiv®@pen tri-
angles correspond to Type-B QPOs, which do not follow theetation
observed for the type-C and are solely observed when thesraslD per
cent (dotted line).
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Figure 8. Top panel: time-lag vs. frequency for MAXI J1659-152 (black
circles). For GX 339-4 we over-plot the time-lags we find dgrthe LHS
observation we have analysed (open diamonds) and two Hild&rastions
at the same hardness (open triangles) and same fracionébpers circles).
The dashed line shows the relatidst = 0.009 x v»—%7 consistent with
what is observed during the LHS. The dotted line shows ttegiosl At =
0.02 x v~97, which seems more appropriate for HIMS observations.

.
10.0

are larger than those typically observed in BHT during LH&r F
a direct comparison we have computed time-lags for a LHS ob-

They corresponds to the STD2 channels 0-5 and 15-27, respecservation (diamonds in F[d.8) and two HIMS observationshat t

tively. Fast Fourier transforms of each band were computet a
cross spectra produced. A positive lag means hard vatiakily-
ging soft variability. The obtained time-laga() as a function of
frequency ¢) are shown in FigI8 (black circles). As observed in
previous works, the time-lag decreases with frequencyimwitie
0.1-10 Hz band to which we are sensitive. Pottschmidt/e2a0())
noted that in Cyg X-1 the time-lags were larger during thadia
tion between hard and soft states as compared to those etdsarv
the canonical states. The system was in the HIMS during easer
tion #1 and in agreement with the above work the lags we measur

same hardness (triangles in Eig.8) and same fractional open(
circles in Figd:8) corresponding to the 2007 outburst of GX2-33
Whereas the time-lags corresponding to the LHS observétion
lows the relatiomAt ~ 0.009 x v~ %7 (dashed line in Fifl8), con-
sistent with the one observed in other systems during thtt &ee
e.g., Mufoz-Darias et £l. 2010 for Cyg X-1 and XTE1752-2@3)
normalization at least two times biggew (0.02; dashed line in
Fig[d) is needed to account for the time-lags observed in MAX
J1659-152. We note that deviations from the power-law sedems
be present at low frequencies.
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4 DISCUSSION BHTSs cross the SIMS during the hard-to-soft transitionsighh
flux, relativistic jet ejections are observed (see e.g. ERD06
and Fender et &l. 2009). As far as we know they have not been see
during the soft-to-hard transition. Thus, the fact that phgsical
mechanism responsible for power-law variability is rentbeeuld

be related to the jet ejection. This can be explained if thialdity

is produced on the base of the jet, since compact radio emissi
is observed in BHT during the LHS and the HIMS. However, jet
with hardness. Its energy spectrum is hard during the HIM® an €emission should not be present in the HSS, when we clearly see
the HSS and flat during the LHS. power-law variability. More than one variability componeis

If we compare the hardness values with those observed i othe heeded for that model to work.

systems, we see that MAX| J1659-152 has a rather hard spectru  The evolution of the rms during the HSS is at odds with what is
This is clear when looking at the spectral parameters that we usually observed. In the HRD we see fractional rms increpsin
obtain from the black-body disc + power-law model that fits it ~ With softening at high count rate (first soft excursion) aaddness
energy spectrum. Whereas the disc parameters are within theindependent rms at lower fluxes (second soft excursion). The
standard range for a black hole, the power-law index is never Minimum in rms is observed close to the SIMS, and power-law
higher than~ 2.3 . This can be understood in terms of the high and disc variabilities are consistent with 3 per cent fractional
orbital inclination needed to explain the dips observed hia t  'ms. Thus, the~ 20-25 per cent power-law variability observed
light-curve of the system. As discussed [in Motta étal. (3010 at the end of the HIMS almost disappear after crossing the
for the case of the 2009 ourburst of H 1743-322, assuming that SIMS. This cannot be explained in terms of an increase of the

The evolution of MAXI J1659-152 during its 2010 outburst is
consistent with that usually observed in black hole tramtsieThe
hardness-intensity, rms-hardness and rms-intensityratiag are
rather typical, with a hard-to-soft transition, a flux deahyring

a soft (accretion disc dominated) state and a final softaroth
transition toward the quiescence. Variability is in gehecarelated

the power-law is arising from a spherical corona and thentaér
emission from a thin disc, a hard outburst could be obsemmed i
high inclination systems. However, we note that the samtesys
can reach different softening levels (e.g., H1743-322 dee a
McClintock et al! 2009) during different outburst. This slsthat
other factors, probably related with the available acorefuel,
should play a role.

The rms values observed during some stages of the outberst ar
similar to those observed in other systems. We see rms afose t
~ 30 per cent in the LHS, rms- 10 per cent in the HIMS and
5% < rms< 10% in the SIMS. In the HSS we see rms higher than
usual, the minimun being- 3 per cent. In the softest observation
rms is~ 8 per cent, much higher than usually observed in BHT.
Assuming that much less variability is coming from the disart
from the power-law, a high orbital inclination could in peiple
explain this behaviour values since we observe less distopbo
diluting power-law variability.

Many of the observed rms values could be explained by solely
assuming that the power-law component accounts for theodate
variability whereas disc emission varies very little andutdis
power-law variability. Assuming that disc emission does vary
more than the minimum observed rms (3 per cent) we can
roughly recover the rms values we see in the hard states by cor
recting from the relative contribution of each componennglthe
HIMS. A similar behaviour was reported by Shaposhnikov &t al
(2010) during the hard-to-soft transition in the BH cantBd4TE
J1752-223. As discussed by these authors, this can be toakbrs

in terms of variability arising from the Comptonization ooa

disc contribution. Indeed, the RID shows that absolute (ian
fractional) rms fades dramatically from the HIMS to the HSS.
Power-law variability is recovered when the system softaeng
especially when the total count rate drops after the lase-§p
QPO is observed. If we associate type-B QPOs with jet ejestio
(e.g., Soleri et al. 2008;Fender etlal. 2009), we see rmgasang
when the system abandons the region where they are obsemted a
when the type-B/jet mechanism is suppressed. Belloni ¢2@0%)
observed a similar behaviour during the hard-to-soft iteomsin

GX 339-4 (see also Fender etjal. 2009 for XTE J1859+226 and
XTE J1550-564). They find similar (2%3 variability levels in
observations showing type-A QPOs, which have hardnesevalu
softer but close to those observed in type-B observationhs.rins
rises for a while after the observations with a type-A ancefad
again during the softest observations. GX 339-4 crossesdine
region with higher rms during the soft-hard-transition.NIAXI
J1659-152 we see a possible type-A QPO only in one obsenvatio
although its significance is low and it is observed in one @& th
softest observations (i.e. with higher rms). However,istiat are
much lower in this case than for GX 339-4 and it could be the
case that we are not sensitive enough to detect those type-A o
that they are not present for other reasons. Assuming tleaeth
low rms observations of MAXI J1659-152 after the type-B omi
correspond to those with type-A in GX 339-4, the behaviour of
the two sources is similar with the exception of the final exoiftg

and variability decrease observed in GX 339-4 (see Fig. 10 in
Belloni et al. 2005). The latter can be explained by the faat &
strong disc dominated soft state is missing in MAXI J1659- 156

which dominates the LHS, whereas a more stable disc emissiondiscussed above, this can be understood in terms of the Higfalo

starts to contribute significantly to the soft emission dgrthe
transition. We note that both a recessing corona resulting i
progressive exposing of the innermost region of the aardtow,
and a truncated disk with an inner radius moving inwardsndyuri
the transition are able to explain the observations.

Variability fades dramatically during the SIMS. FId. 3 shothat
this is the result of a much less variable power-law emissitda
see a jump in the hard rms (6-15 keV), which drops fren20
to ~ 7 per cent whereas the contribution of the power-law to the
total count rate decreases just a little in a monotonic ways 15
only observed during the hard-to-soft transition. Durihg back
transition to quiescence the variability level seems muigfnér
even if the power-law contribution is lower. We note that whe

inclination of the system. In addition or alternatively tast we
should take into account that the orbital period proposedHis
system|(Kuulkers et al. 2010b; Belloni etlal. 2010c) is mumtes
than the one of GX 339-4. This should favour a shorter outl{ass
observed) and it could have also an effect on the propertidseo
steady optically thick accretion flow expected to dominaiard)
soft states.

Only type-C and type-B QPOs are observed in MAXI J1659-152.
Apart from their intrinsic differences notedlin Casella e{2005),
they are clearly separated using a frequency-fractional nepre-
sentation. Whereas type-C follow a clear correlation, Bpare
clearly outside this correlation, showing a roughly constas as
function of the frequency. This has been observed by Casedlh
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(2004) and Motta et al. (2011 in prep.) for the cases of XTE outburst. The outburst evolution of the system is similathat
J1859+226 and GX 339-4, respectively. previously observed in other black hole candidates, aghoit
Jet ejections are known to be connected to flux peaks (Fehdére presents clear peculiarities especially in what regardseocevo-
2004) and to HIMS/SIMS transitions (i.e. type-B QROs Sai¢al. lution of the fast variability and its energy dependence. Wafee
2008;| Fender et al. 2009). There are known exceptions, as thediscussed this behaviour on the basis of the spectral demsimp
case of the strong X-ray flux peak of the 1998/1999 outburst of tion we have performed. Complementary results obtainezlitiir
XTE J1550-564, where a jet ejectiomd days after the peak was  multi-wavelengths campaigns of the present and forthcgroint-
observed before the transition to the soft states (Hanmikeét al. bursts of this source will result in a deeper understandfrigeobe-
2001; Corbel et al. 2002). In MAXI J1659-152, type-B QPOs are haviour observed in this source and of the accretion pracdes
found in correspondence with local count rate peaks (sé lig place in black hole binaries.

grey bands in Fig[]5), especially at high fluxes. However, the
absolute count rate peak is observed before the transitiahet
SIMS (Fig.[B) and from that point radio emission is obsernad t

quench [(van der Horst etlal. 2010b). No QPO is observed in that The research leading to t.hese results has received funding
observation (either type-B or C) and the rms is that expefted from the European Community’s Seventh Framework Programme

the HIMS. Similar behaviour is seen in the already mentioned (FP7/2007-2013) under grant agreement number ITN 215212

very bright observation of XTE J1550-564, although weak @PO ;\BSI?CK HO:%;;'(‘)’S;SGH' SM and TB acknowledge support to the
are present in this case. We expect that multi-wavelengithiest grant )

performed during this outburst of MAXI J1659-152 will be abl
to discuss our results in light of the detection or non-détacof
relativistic jet emission during the observed X-ray coatempeaks.

A possible scenario in which both, jet ejections and HIM$ISI
transitions are related to flux peaks but not between eadroth
cannot be ruled out.

It is also remarkable that once the system reaches the H3iseall
wiggles and flux peaks present in the light-curve seem dlate
variations in the power-law emission whereas the disc aamiss
decreases monotonically. This is not observed before tteHBS
observation and it is probably connected with the formatdn

a steady accretion disc during the HSS. Our study suggests th
all the scatter usually observed during HSS in the hardchsite
diagrams and rms-intensity diagrams of BHT (see e.g., Dtiafl e
2010) is due to a change in the relative contribution of the
power-law, whereas disc emission drops monotonically gintgb
following the accretion rate decrease.

We have measured time-lags between soft and hard emission

finding a similar frequency dependence time-lag distrduthan
that already observed in other BHT during hard states (Natai.
1999b| Pottschmidt et al. 2000; Mufioz-Darias €t al. 2016 ob-
servation in which it was possible to perform this study hgbto
the HIMS, and by comparing with the case of GX 339-4 we ob-
tain results in agreement with those reported by Pottscheniall
(2000) in Cyg X-1. In the hard-to-soft transition lags argHar
than in the LHS. As discussed in the above works and extdgsive
inINowak et al.|(1999), both the time-lags measured in séggsa
tems and the observed time-lag evolution cannot be expldige
purely Comptonization models, and alternative scenages é.g.,
Kazanas et al. 1997; Kodrding & Falcke 2004) should be furéxe
plored.

Finally, we note that by the time we submitted the last reViger-
sion of this manuscript another paper based on RXTE anabysis
the same source has been accepted for publication (Kalaghkiir
2011). It is focussed on identifying the black hole naturethaf
source and according to arXiv was submitted about the samee da
than this work.

5 CONCLUSIONS

We have performed an X-ray spectral and timing analysis ef th
black hole candidate MAXI J1659-152 during its first observe
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Table 1: Spectral parameters derived from the best fit foh edoservation. A
model consisting of a power-law, a multi-color disk-blacklly and a Gaussian
emission line with a centroid constrained between 6.4 aBkéY was used.
Fluxes (erg 5! cm~2) are computed within the band 4-22 keV.

[ Obs.Num.| MJD | Obs. ID | Xiea | KT (keV) | R(km) | r | Disc flux | Powerlaw flux |
1 55467.0| 95358-01-02-00] 0.66 - 31755 ] 1.957007 [ 0.00E+00|  4.87E-09
2 55468.1| 95358-01-02-01| 1.57 | 0.40%5:50 | 1577 | 2.097001 | 5.28E-12|  4.26E-09
3 55469.1| 95358-01-02-02| 0.61 | 0.71707% | 637357 | 216700, | 7.50E-11|  4.72E-09
4 55470.0 | 95108-01-01-00| 1.01 | 0.82702% | 50735% | 2.157002 | 7.12E-11|  4.29E-09
5 55470.2 | 95358-01-03-00| 0.82 | 0.591015 | 32%77 | 2.16700; | 6.73E-11|  4.62E-09
6 55470.5| 95108-01-02-00| 0.84 | 0.61%035 | 40T7. | 2.14700) | 5.18E-11|  4.78E-09
7 55471.1| 95358-01-03-01| 0.60 | 0.721530 | 49752 | 2197000 | 8.99E-11| 3.97E-09
8 55471.5| 95108-01-03-00| 1.08 | 0.681515 | 4872 | 2187002 | 9.28E-11|  4.29E-09
9 55471.8| 95108-01-04-00| 1.03 | 0.67+513 | 48737 | 2177002 | 1.18E-10| 4.42E-09
10 55472.1| 95108-01-05-00| 0.84 | 0.68%5. 58 | 37+3% | 2207002 | 1.18E-10| 4.20E-09
11 55472.2| 95358-01-03-02| 1.05 | 0.73%5:57 | 4072 | 2.26700; | 1.96E-10|  4.20E-09
12 55472.5| 95108-01-06-00| 0.49 | 0.761507 | 4372° | 2.317002 | 2.90E-10 |  4.34E-09
13 55472.9| 95108-01-07-00| 0.81 | 0.80%715 | 5373, | 2.317005 | 2.60E-10|  4.40E-09
14 55473.1| 95108-01-08-00| 0.92 | 0.77+00¢0 | 407" | 2.347007 | 2.86E-10|  4.12E-09
15 55473.5| 95108-01-09-00| 0.82 | 0.737000 | 37%50 | 2.31700; | 2.84E-10 |  4.35E-09
16 55473.7 | 95108-01-10-00| 0.90 | 0.797095 | 3874 | 2.337003 | 2.94E-10 |  4.00E-09
17 55474.6| 95108-01-11-00| 0.63 | 0.81F0 02 | 4377 | 2.271002 | 2.93E-10|  4.09E-09
18 55474.8| 95108-01-12-00| 1.00 | 0.79F00% | 3472 | 2.301007 | 2.59E-10 |  3.88E-09
19 55475.4| 95108-01-13-00| 0.59 | 0.8300% | 397> | 2.331005 | 4.65E-10|  3.91E-09
20 55475.8 | 95108-01-14-00| 0.58 | 0.83750% | 3971¢ | 2.3070-0% | 2.99E-10| 3.86E-09
21 55476.1| 95108-01-15-00] 0.91 | 0.8115 15 | 38T;' | 2.26700% | 3.44E-10| 3.82E-09
22 55476.4| 95108-01-16-00| 0.60 | 0.85%5:5> | 427.® | 2.3170-02 | 4.75E-10|  4.00E-09
23 55476.7| 95108-01-17-00| 0.85 | 0.90%55¢ | 3971* | 2.31700% | 6.82E-10|  4.15E-09
24 55477.0| 95108-01-18-00| 1.31 | 0.90%555 | 37T7 | 2.30700% | 8.33E-10|  4.64E-09
25 55477.0| 95108-01-18-01| 0.91 | 0.91%00% | 3674 | 2.30700; | 7.71E-10|  4.37E-09
26 55477.7| 95108-01-19-00| 0.97 | 0.91%00> | 37%% | 2317003 | 7.14E-10|  4.27E-09
27 55478.0| 95108-01-20-00| 1.05 | 0.88F0 05 | 4275° | 2.28700% | 5.25E-10|  3.73E-09
28 55478.5| 95108-01-21-00| 0.92 | 0.92F00 | 43T0 | 2.2970:00 | 7.76E-10 |  4.22E-09
29 55479.1| 95108-01-22-00| 0.66 | 0.8270 07 | 327.° | 2.297007 | 4.39E-10 |  3.62E-09
30 55479.7 | 95108-01-23-00| 0.62 | 0.7870 0% | 3872 | 2.257007 | 2.93E-10 |  3.27E-09
31 55480.2| 95108-01-24-00| 0.72 | 0.88F002 | 4171° | 2.2570-05 | 4.09E-10 |  3.41E-09
32 55480.7 | 95108-01-25-00| 1.41 | 0.82F00¢ | 37+ | 2.25700% | 3.52E-10|  3.26E-09
33 55481.0| 95108-01-26-00] 1.30 | 0.83750% | 3575 | 2.2870-0% | 4.24E-10| 3.33E-09
34 55481.7 | 95108-01-27-00| 0.77 | 0.947503 | 33%1* | 2307005 | 9.11E-10|  3.86E-09
35 55482.4| 95108-01-28-00| 0.83 | 0.93%5:57 | 3275 | 2.32700% | 7.35E-10| 4.21E-09
36 55483.9| 95108-01-30-00| 0.91 | 0.84%55> | 38%2 | 2.2270-0% | 3.36E-10| 2.94E-09
37 55484.2| 95118-01-01-00| 0.45 | 0.89%5:53 | 42%7 | 2.2170-02 | 452E-10| 3.00E-09
38 55484.7| 95118-01-01-01| 0.81 | 0.90% 002 | 38%% | 2.207003 | 6.97E-10|  3.59E-09
39 55485.1| 95118-01-02-00| 0.67 | 0.88150° | 4715 | 2.29700 | 7.21E-10|  3.31E-09
40 55486.2| 95118-01-03-01| 0.59 | 0.91%00% | 41%] | 2.31700° | 7.50E-10 |  2.38E-09
41 55486.8 | 95118-01-03-00| 0.93 | 0.841007 | 461 | 2.27700) | 6.18E-10| 1.48E-09
42 55487.7| 95118-01-04-00| 0.88 | 0.88F00% | 46710 | 2.2070-0% | 6.52E-10 |  2.37E-09
43 55488.0 | 95118-01-05-00| 1.08 | 0.8370 07 | 5175 | 2.25700; | 5.51E-10 |  1.65E-09
44 55488.9| 95118-01-05-01| 0.72 | 0.82F00L | 40%% | 2.217007 | 5.27E-10|  1.38E-09
45 55489.3| 95118-01-06-00| 1.20 | 0.81%00> | 43%5 | 2.23%007 | 5.75E-10|  1.25E-09
46 55489.7 | 95118-01-06-01| 1.26 | 0.857507 | 3577 | 2307003 | 5.25E-10|  2.27E-09
47 55490.1| 95118-01-07-01| 1.12 | 0.837503 | 3775 | 2.26700% | 5.02E-10| 1.73E-09
48 55490.7 | 95118-01-07-00| 1.33 | 0.88%557 | 3975 | 2.25700% | 4.95E-10| 2.55E-09
49 55491.0| 95118-01-08-00| 0.50 | 0.87+552 | 41712 | 2.2170-0° | 5.36E-10 | 2.22E-09
50 55491.8| 95118-01-09-00| 0.98 | 0.85%00% | 38717 | 2.227007 | 4.62E-10|  2.21E-09
51 55493.3| 95118-01-10-00| 1.78 | 0.801502 | 4215 | 2.26%00; | 3.47E-10| 2.37E-09
52 55494.2 | 95118-01-11-00| 0.85 | 0.8315:05 | 401] | 2.2700 | 3.65E-10 | 1.93E-09
53 55495.0| 95118-01-12-00| 0.62 | 0.80F g0z | 47%2 | 2.23%002 | 3.54E-10| 1.87E-09
54 55496.5| 95118-01-13-00| 0.86 | 0.80% 7% | 4971 | 2.17700; | 3.05E-10| 1.15E-09

Continued on next page
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Table 1 — continued from previous page

[ Obs.Num.| MJID | Obs. ID | Xoea | KT (keV) | R(km) | T | Disc flux | Powerlaw flux|
55 55497.5] 95118-01-14-00] 0.76 | 0.777053 | 4777 | 2.227007 | 3.30E-10| 8.43E-10
56 55498.5| 95118-01-15-00| 0.58 | 0.74%557 | 42%3 | 2.17700° | 2.77E-10|  9.58E-10
57 55499.3| 95118-01-15-01| 0.57 | 0.74%552 | 32%% | 2.18700¢ | 2.57E-10| 9.65E-10
58 55500.3| 95118-01-16-00| 0.77 | 0.7515:07 | 225 | 2.167002 | 2.20E-10|  1.05E-09
59 55501.2| 95118-01-16-01| 0.87 | 0.74F007 | 37113 | 2.107007 | 1.13E-10|  1.36E-09
60 55502.0| 95118-01-17-00| 0.90 | 0.78%5:02 | 37113 | 2.037007 | 8.23E-11|  1.40E-09
61 55503.1| 95118-01-17-01| 0.99 - 37015 | 1977005 | 0.00E+00|  1.39E-09
62 55504.1| 95118-01-18-00| 0.80 - 37713 | 1.85700; | 0.00E+00|  1.29E-09
63 55505.0| 95118-01-19-00| 1.48 - 37715 | 1.8070 05 | 0.00E+00|  1.25E-09
64 55506.2 | 95118-01-20-00| 1.22 - 37713 | 1747005 | 0.00E+00|  1.17E-09
65 55508.1| 95118-01-21-00| 0.85 — 377158 | 1727505 | 0.00E+00|  1.08E-09
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Table 2: Best fit for the central peak of the QPO detected dutire whole
outburst. The noise components were fitted with three Lar@ntshapes, one
zero-centred and other two centred at a few Hz. The QPOs vitee With one
Lorentzian each. Rms is the total, fractional rms (i.e. sl PDS components)
within the band 0.1-64 Hz.

| Observation ID | Frequency (Hz)] Width (Hz) | Normalization| rms (o) |
95358-01-02-00] 3.30 £ 0.04 0.53 £0.32 1+1 22.3+0.1
95358-01-02-01| 2.28 +0.02 0.38 £0.07 1441 22.6 £0.2
95358-01-02-02 5.5+0.2 0.77 £ 0.61 1.34+0.7 22.2+0.3
95108-01-01-00] 2.71 +0.03 0.32 £0.08 11+2 22.1+£0.3
95358-01-03-00] 2.80 £ 0.02 0.34 £0.05 11.6 £1.2 21.2+£0.1
95108-01-02-00 5.3+0.1 0.61 £ 0.36 1.0+ 0.6 22.2+0.2
95358-01-03-01| 3.18 +0.02 0.41 £0.09 11+2 20.8 £0.2
95108-01-03-00] 3.04 £ 0.04 0.37 £0.15 11+4 21.1 £0.2
95108-01-04-00] 3.06 £ 0.03 0.34 £ 0.09 25+5 21.1£0.2
95108-01-05-00] 3.33 £+ 0.04 0.32 £0.16 542 20.1 £0.4
95358-01-03-02| 3.80 £ 0.02 0.45 £ 0.07 5.8£0.7 19.8 £0.2
95108-01-06-00] 4.58 4+ 0.03 0.50 £ 0.08 1141 18.5 £ 0.2
95108-01-07-00] 4.41 £+ 0.03 0.54 £0.10 18+ 2 18.3 £ 0.1
95108-01-08-00] 4.84 £ 0.02 0.54 £+ 0.07 9.0£0.9 17.94+0.1
95108-01-09-00] 4.72 4+ 0.04 0.53 £0.15 5+1 17.9 +£0.2
95108-01-10-00] 4.86 4 0.04 0.47+£0.14 4.1+£0.8 18.1 +£0.3
95108-01-11-00] 4.64 £ 0.03 0.42 £ 0.10 4.9+0.8 18.9 £0.2
95108-01-12-00] 4.78 +0.03 0.57 £0.10 104+ 2 17.8 £0.2
95108-01-13-00] 6.13 £ 0.06 0.79 £0.24 2.8 £0.6 15.5 +£0.2
95108-01-14-00] 5.01 +£0.05 0.56 £0.16 42+1.0 18.3 £0.3
95108-01-15-00] 5.10 4 0.03 0.60 £0.11 3.9+04 17.74+0.2
95108-01-16-00] 6.02 4 0.04 0.88 £0.16 6.6 £0.9 15.24+0.1
95108-01-17-00] 7.01 £ 0.09 0.98 £0.32 3.3£0.8 12.9 4+ 0.1
95108-01-18-00 7.5+0.3 0.78 £ 1.28 1+1 11.7+£0.2
95108-01-18-01 7.3+£0.2 1.01 £ 0.63 2+1 12.44+0.2
95108-01-19-00 7.2+0.2 0.69 £ 0.55 1.0+ 0.5 13.14+0.3
95108-01-20-00 6.6 £0.1 0.79 £ 0.30 1.7+ 0.5 14.6 £ 0.3
95108-01-21-00 7.2+0.2 1.18 £0.74 1.3+0.7 11.0£+0.1
95108-01-22-00] 6.34 4 0.04 0.63 £0.11 3.1+0.4 14.2 £0.1
95108-01-23-00] 5.33 +0.04 0.57 £0.12 5.6 £0.8 17.44+0.2
95108-01-24-00] 5.99 4 0.04 0.69 £0.11 41+£0.5 15.94+0.1
95108-01-25-00] 5.81 4+ 0.04 0.60 £0.13 4.1+0.6 15.5+£0.2
95108-01-26-00] 6.67 4= 0.06 0.81 £0.19 2.6 £0.6 14.1 +0.1
95108-01-27-00] 3.90 £ 0.49 0.49 £ 0.03 2.8 +£0.1 6.5 £ 0.2
95108-01-28-00] 4.09 £ 0.05 0.60 £0.13 21+03 8.4+0.2
95108-01-30-00] 6.01 4+ 0.06 0.56 £0.17 1.34+0.3 15.54+0.3
95118-01-01-00] 6.85 £ 0.08 0.81 £0.23 1.6+04 13.3+£0.1
95118-01-01-01| 3.85 4 0.04 0.53 £0.11 1.7+ 0.3 6.9+04
95118-01-02-00] 3.47 £ 0.09 1.21 +£0.28 20+£0.3 5.1+£0.3
95118-01-06-00] 6.77 £ 0.85 5.12 £ 2.87 1.54+0.5 6.0 £0.5
95118-01-07-00] 3.30 4 0.04 0.48 £0.12 1.54+0.3 8.4+0.5
95118-01-09-00] 2.39 £+0.23 1.37 £ 0.96 1.44+0.9 7.2+0.7
95118-01-10-00] 3.55 4+ 0.04 0.37 £0.09 29+0.5 9.6 £0.3
95118-01-11-00] 1.74 +0.39 1.07 £ 1.39 0.8+0.7 6.6 1.4
95118-01-12-00] 2.02 £0.12 0.65 +£0.43 1.44+0.7 7.3+£0.6
95118-01-16-01| 5.97 £+ 0.09 0.69 £ 0.37 1.54+0.6 14.8 £0.4
95118-01-17-00] 4.78 4+ 0.06 0.56 £0.18 22+0.5 18.94+04
95118-01-17-01| 3.36 +0.05 0.47 £0.12 3.2+0.6 23.8+0.4
95118-01-18-00] 2.58 4 0.08 0.28 £0.15 1.44+0.5 24.4+1.1
95118-01-19-00] 2.19 £+0.03 0.43 £0.08 4.2+0.6 27.0+04
95118-01-20-00] 2.04 4+ 0.04 0.33 £0.10 3+1 26.3 £0.5
95118-01-21-00] 1.63 4 0.04 0.52 £0.16 5+1 27.2+£0.5
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