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The X-ray Variability of Capella

Jennifer Posson—-Brown, Vinay Kashyap (SAO)

4 )
We analyze a decade of Chandra/HRC grating and imaging \aigsrs of the H R C_ I H
active binary Capella to characterize its X-ray variapibit various timescales d
Examining 205 ks of HRC-I imaging data taken over a time gedb 14 months — H il
h S (" Copello HRC—S/LETG Zeroeth Order A ort=term broadband variabllity
(Dec 2005 to Jan 2007), we find broadband variability at thié®level at shorl i i T T T i
tlmescales’(’s kS). At timescales of months to years, we see Val’lathrﬂ)(ﬂbL 0.10F © 3 (+ Data: 40 observations, approximately 5 ks each (205 ks) tiatieén at var)
~10% in the HRC-I fluxes. Twelve HRC-S/LETG observations tegeer the ten T ious SIM offsets over Dec 2005 - Jan 2007 (after the rapid hsity in-
. : [y E 0.09F E crease seen in Figure 1
year period since launch, for a total of 408 ks, indicate thatoverall flux was 5 000 R ° in Figure 1)
. K . > .
steady until late 2004 but has increased by roughly 50% shatdime. > 0.08F o E e The combined light curve (Figure 5) shows numerous flucbuatat levels
s of a few to 10% on timescales of months to years.
. P . B
In addition to monitoring broadband flux, we use the HRC-J/GEbbservations § 007F N ° E « We testwhether lightcurve fluctuations are consistent Riisson noise by
to analyze the line emission in detail for several lines. eAftorrecting for the 5 06 8o computing three overdispersion measures:
. . . Z 0.06F s E
overall flux changes, we determine how the line fluxes valgyahg us to char- © — fhac= ﬁ
. T X R o
acterize the variability at different temperatures in theonae. 00sE ‘ ‘ ‘ ‘ 3 S0-0)
= pdit = =06
o ' . 20 40 60 80 100 120 oo
Variability is present at all temperatures, and we find thathigh temperatur Time [Months Since Jan 1999] - pye = T4 TGl
i i Figure 1 Capella broadband X-ray intensity: zeroeth order flux ected by QE| . - .
plgsma‘ is Fr_]ore strongly vgrlable thgn the low tempergtulerph. We explort \ iformi verss . Nota e 2pid ncese round B0 (Fal2004). given the counts light cur@(t; J.9) for ObsIDJ, where, are theN; time
this variability for spectral lines of different elementsdifferent temperatures bins resulting from choosing a bin of sideandyu;(5) anda?3(5) are the light
The emission measure structure of Capella undergoes changee extensive curve mean and variance. If the lightcurve variations are hiPoissor
. fluctuations, we expegtrac ~ 1, piit ~ 0, andp,z ~ 1.
than hitherto suspected.
N\ J o All three overdispersion measures are greater than expémtenost obser-
vations (Figure 6), implying significant variability at timescales{
Fi 6), implyi ignifi iabili ghodi I 5
o Ty P ~ \_ks) Y,
HRC-S/LETG: = TR
— . 3 oons H +
SN =TT
Long-term broadband and line flux variabilit o ﬂ "
g y £ soous| £ i t
ERNE N Y ) o 10 iz
Time [Months Sice Jon 1995] Time [Mantns Snce Jan 193]
( Observations listed in Table 1 N o gam or e, °
- . Faom 4 B 44 b ‘

e Overall luminosity of Capella rapidly increased in late 20@sing by~50% ¥ + LER - P N » "‘

(Figure 1) ObsID | Date | Exposure Time | Y Offset Joom ¢ B i + T“""‘?"M{“MM“ MMM ?H”‘M MM" N‘i
Py Y10 Lt 440 ® i i il

« We examine line fluxes for 29 lines, before and after comecfor the ie | tooaiio i B 3 oo M 1 ‘ tbt En D E3 o B} w £

broadband flux changes. Fluxes versus time are shown fot kigis in 55 | 20000308 338885 0 3 007 ¢ 3 oon t t o » ‘
1009 1 0 e

Figure 2. 2582 657.1 15 % o ot s o 681 - }2"“»‘»{»{“;{ MM M M ’.‘MMM ’| K
3479 29961.3 15 '

o After correcting for broadband luminosity changes, we fine flux vari- .;«,-,-: 26965.6 0 _ ooos) 4 = o "‘ »{MM M ’H M "Mu
ability in excess of statistical expectations (Figure 8Je find strong ev: 5041 . 28670.1 30 Fome ool ﬁ : -5 o o £ @ w0
¢ : N P 5956 033 209288 0 3 3 4 - ; S ot (]
idence for variability at many temperatures, with dominemttributions| 6165 | 2005-10-02 280391 30 £ oo L3 H t
between T,;6.3-6.7 | e e o el § oo Yot b i P o ™ Figure 6 Overdispersion in the light curve in each Capella ObsID. Gerdis-

-5-6. b0 | 2005.00: o1 0 5 Vo H T { persion measuresiac (top), s (middle), andp,: (bottom) are calculated fc.
10600_| 2009-04-22 9591.3 1 Somaipy 44 5 411 He oottt ’ ‘ Figure 5T! urve of all HRC-1 C: o each ObslD for different values of the light curve bin sizes25.50,100 s, and

* We also calculate the fractional variability for the cotegtline fluxes (Fig-| \table 1HRC-SILETG observations of Capella used in this anal - ¢ H L] 205 ‘ksa The‘ bla[ﬁk h\smgra:n feno‘bes the cc:usno!nran(e for;dn;m }0%‘5‘ ane are denoted by the thin vertical lines grouped around the &ffset for that ob-

. overlaid on itis the count rate for a binning of 500 s (greestdgram). The dat he | fiset f h other for clarig b
ure 4).Both cool and hot lines show intrinsic variability. RO E N gaps hetween obsenvations are excluted, and indicatedtisaresd lines (soli o o e e o e on O o anmartod by A
. o M e g when the gaps are 100 s, dashed otherwise). The data comprise 40 Ob lines. The vertical lines represent th@ error bars for thewll, determined from
e There appears to be very little variability at7=6.8. oo (noted at the top of each segment, along with the day sinc8-880-01 that the Monte Carlo simulations of a model without any intrinsiciwbility but match-
N\ J + T observation started). The SIM offset at which each obsienvas carried out is ing the count rate and exposure time of the observation. Ehes expected fo
H \ 3 0003 vnm'cated at the :oﬁéum of eaclh Segmerc't The counts ;re;;eg;ry‘me QE the null model are shown for eagh, as the horizontal dashed line. The overc
T . . . . . . - - - - - - - g uniformity at each observation location. Count rates vayi~20-23 §' persion measures computed for combined HRC-1 HZ 43 dataa(fiinning that!
( e 7 (030 o) ﬁ } \ Lown \ ~ matches’ = 25 s for Capella) is shown as the pale blue band whose widt-c
et - w # i sponds to the:3+ error bounds determined the same way as for Capella. Th
o 0.25F Fe v ] £ + ﬂ 3 oo 43 overdispersion measures are consistent with no intrirsiabilty, confirming
© qok - i > Fe xx o0t that the overdispersion detected for Capella is real andweto QE uniformity

S Fexvi = Fe XX xy e e S b 1608] i e S 958 N J

3 B [R— 2 020 Feon - 7 Figure 2 Line fluxes versus time for FelX (171.075 Ay¢=5.9), OVIIl (18.969 @ Aur/HD. mgﬁﬁ%m%w 40186/ 13 Aur

L LR . 2 N A, Tot1=6.4), FeXVII (15.013 AT =6.7), FeXVIl (16.775 ATy (=6.7), NeX distance = 13.4 pe.

5 ‘ b Fe v (12.134 A, T,=6.7), FeXIX (108.37 AT.;=6.9), SIXIV (6.182 A, To;=7.1), period =104 days

- e 1x - e xx SV 2 0151 ow 1 and SXV (5.0387 AT.¢1=6.9). The line fluxes, shown by black diamonds, w ineination = 41 deg

3 w R Fe sl S “ ! calculated by extracting the positive and negative ordentofrom a narrow re Ab Aa Gl

S N Ne x - 5 M e gion centered on the theoretical wavelength, subtractasground, correcting ,G:; ::: 109R, Kol References

3 N N E 0.10F - - o Ee % - 4 by the appropriate ARF, and summing. The blue squares shese tine fluxes (Fo 1y (ko "« Gdal M 2004, AGAReY, 12, 71

o - s BN WK Qﬂnec!en for the variation in the zeroeth order flux (Figlye Y Mass = 2,504, Mass = 2,681

- dius 42,28, « Johnson O, Drake J J, Kashyap V, Brickhouse N S, Dupree A ierfiae
Sx 0.05F e x <" B radius 9.2Ro ra o P, Young P R & Kriss G A 2002, ApJ, 565, 97
s e qUISTOK Gy, Je g « Kehyap VL& Possan 1 3 it 403
60 62 64 66 68 70 7.2 60 62 64 66 68 70 72 My =0.14 My =025 « Raassen A 3 & Kaastra J S 2007, AGAP, 461, 679
Log T L0 Ter rotation= 36 km/s rotation= 3 kmi/s background image: http://space.mit.edu/CSRILETG_closeup.gif
Figure 4 Fractional variability of Capella line fluxes, calculatedrh line fluxes. J ; ) -

Figure 3 Excess variability in Capella line fluxes at different temgares. This comected for broadband lumimosiy changes, at diffe Tatures. \We calot
plot shows reduced chi-square, calculated from the fine fluxes corrected | late fractional variability a§: wherg. iethe standard devaton of the i fx

variabiity, LSRN o andpy is the mean. Hot lines and thoseTat,=5.9 and 6.5 show the stronge
whereN is the number of observations, is the line flux (corrected by zeroe'

order),ju¢ s the mean line flux, ane is the line flux error (statistical). Line
\ are plotted in black i < 1 and red\? i > 1 Y,

ractional variabilty. )




