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ABSTRACT

Context. High-precision frequencies of acoustic modes in red giant stars are now available thanks to the long observing length and
high quality of the light curves provided by the NAS¢eplermission, thus allowing the interior of evolved cool low-mass stars to be
probed with an unprecedented level of detail.

Aims. We characterize the acoustic signature of the helium second ionization zone in a sample of 18 low-mass low-luminosity red
giants by exploiting new mode-frequency measurements derived from more than four ykaptavbbservations.

Methods. We analyzed the second frequencyeliences of radial acoustic modes in all the stars of the sample by using the Bayesian
code Damonds

Results. We nd clear acoustic glitches due to the signature of helium second ionization in all the stars of the sample. We could
measure the acoustic depth and the characteristic width of the acoustic glitches with a precision level on averag2%randd3%,
respectively. We nd good agreement with theoretical predictions and existing measurements from the literature. Finally, we derive
the amplitude of the glitch signal at.« for the second dierences and for the frequencies with an average precisiod%f obtaining

values in the range 0.149.24 Hz and 0.080.33 Hz, respectively, which can be used to investigate the helium abundance in the
stars.

Key words. asteroseismology — stars: oscillations — stars: late-type — stars: interiors — methods: statistical — methods: data analysis

1. Introduction missions (Borucki et al. 2010; Koch et al. 2010), an outstanding

- . number of high-quality photometric observations for thousands
The so-called acoustic glitches are regions of sharp—struct%@eStars has been released. This yielded the frequency shifts

variation located in the interior of stars and caused by the pres; caq by the acoustic glitches to be discovered and analyzed

ence of a change in the energy transport from radiative to C(?H'many low-mass, main-sequence, subgiant and red-giant stars

vective, by a rapid variation in the chemical composition, or b Gs) (Mosser et al. 2010; Miglio et al. 2010; Mazumdar et al
ionization zones of chemical elements, such as hydrogen and %615 5014 Verma et al. ’2014) aIIoWing the positions of the
lium. As originally predicted for the Sun (e.g., Vorontsov 198 yase of the convective zone, of the Hieone in main-sequence

Gough 1990), these regions produce tiny and regular variati subgiant stars, and of the Hieone in the case of the red
in the frequency of the acoustip)modes that can be detected;;anis to be constrained.

by direct measurement of the characteristic large frequency sép- ] _ _ _
aration, namely the frequency separation between modes havingThe asteroseismology of red giant stars, in particular, has led
the same angular degree. to several important breakthroughs in the stellar physics of low-
By studying the glitch signature in the Sun, it was possinass stars in recent years (e.g. Beck et al. 2011; Mosser et al.
ble to measure the acoustic position of the base of the convé@l11a; Bedding et al. 2011; Beck et al. 2012; Deheuvels et al.
tive zone and of the helium second ionization al—)aone_ The 2012) The characterization of the glltCh signatures Is able to
signature can also be used to provide estimates of the heliBfgvide tighter constraints on the chemical composition and the
abundance in the enve|ope and the extent of the overshootiid rnal strati cation of the star, and potentlally allows retrieving
(e.g., Basu & Antia 1995; Basu 1997; Monteiro & Thompsofielilum abundances in distant stars, essential for population stud-
2005; Christensen-Dalsgaard et al. 2011). The saneetevas i€s (e.g., see Broomhall etal. 2014, hereafter B14, and references
expected to be observed in distant stars (e.g., Monteiro ettgerein). More recent studies focusing on these evolved cool
2000; Mazumdar & Antia 2001; Ballot et al. 2004). Thanks t§tars have analyzed the glitches due to thdlHm®ne for more

the advent of the CoRoT (Baglin et al. 2006) dtepler space than a hundred targets observedigpler (Vrard et al. 2014),
and thoroughly investigated the properties of the signature from

? Appendix A is available in electronic form at a theoretical point of view (B14, see also Christensen-Dalsgaard
http://www.aanda.org et al. 2014, for more discussion).
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The recent availability okeplerdatasets spanning more thara reasonably high number of measurements (two less than the
four years of nearly continuous observations, coupled with tib&al number of modes obtained for a given angular degree), still
development of new computational advances in asteroseismilowing the model parameters to be constrained without leading
data analysis (e.g., see Corsaro & De Ridder 2014; Corsaro et@aldegeneracies in the solutions.

2015, hereafter C15), enables the study of the acoustic glitch sig- Despite the possible presence of the oscillatory component
natures in red giants with an unprecedented level of detail.  in modes of angular degrée> 0, we point out that only radial

In this paper, we report on the evidence of clear acoustitode frequencies are used for the nal t. The reason behind
glitch signatures due to the Hlezone in the sample of 19 redthis choice is mainly the need to exploit pupemode charac-
giants recently investigated by C15, so we fully characterize ther oscillations (see also B14), which in the case of RGs, are
oscillatory signal by means of a Bayesian approach. only available in the form of = 0 modes. This is because the
coupling occurring betweep modes of angular degree> 0
andg modes arising from the radiative interior can hamper the
asymptotic behavior of the corresponding modes by producing
As noticed by C15, the low-mass low-luminosity red giant§o-called mixed modes, whose frequencies deviate from the ex-
(LRGs) are candidates that are well suited to testing stellar str@cted position of a purp mode oscillation (e.g., Beck et al.
ture models and stellar evolution theory. The less-evolved stagfel1).
in the red giant branch (RGB) of the stellar evolution for the We perform all the ts following a Bayesian approach us-
LRGs implies the highest frequency of maximum powgsg for  ing DiamondgCorsaro & De Ridder 2014), hence exploiting
a red giant (between 100 and 208z), hence a broader powera nested-sampling Monte Carlo method to perform the infer-
excess caused by the oscillations and, consequently, a lagage and estimate the free parameters of the model given by
number of radial orders observed (in general between six ald. (3) from their individual marginal probability distributions
nine). By having a larger number of high signal-to-noise ratigee Corsaro & De Ridder 2014, for more details). The con-
p-mode frequencies available, one is thus able to constrain thgring parameters of Bamondsfollowing the de nitions by
signature of the glitches more eiently. Corsaro & De Ridder 2014) used for all the computations are

In this work we analyze the sample of LRGs studied by C18itial enlargement fraction :0 fo 17, shrinking rate
who tted and characterized their full oscillation spectrum using = 0:02-003, number of live point$\j,e = 1000, number
Kepler observations from QO till Q17.1, a total ofl470 days, of clusters 1  Ncust 4, number of total drawing attempts
with a frequency resolution of i, * 0:008 Hz. The stars have Magempis= 10%, number of nested iterations before the rst clus-

max Values ranging from 110 t0190 Hz and masses in the in-tering Mi,; = 1000, and number of nested iterations with the
terval 1 2M . We adopt the high-precision individual frequencygame clusterindlsame= 50.
measurements from C15, and follow the theoretical approach For this analysis we adopted a normal likelihood function,
of B14. such as the one used by Corsaro et al. (2013), which takes the un-

In the present analysis we refer to the rst (frequency) difeertainties into account, with correlations included, on the mea-
ference as the large frequency separation of a given angular si&rements of the second dirences. This assumes that the resid-
gree, which is a function of the frequency in the power spectnadls arising from the dierence between predicted and measured
density of the star, - (). For a radial orden, - () isthus second dierences are Gaussian-distributed. Since we did not

2. Data analysis

de ned as have any initial guesses available from the literature for the given
stars for the set up of priors, we used uniform (i.e., at) prior
Nl N 1) probability distributions for all the free parameters of Eg. (3),

¥ . with lower and upper boundaries for each parameter range ob-
\évrr(]aeer? ;ﬁ&sr;ra?a?%?gglnfrﬁ?l;zré?go?]f tcvi ngq%mghtﬁggsﬂggggained by comparison with existing measurements of the acous-
: y ! A ic depths derived by Miglio et al. (2010), Mazumdar et al.
]nggg?:%)ri'd?;?g?ge(rsgg’ €.., Gough 19903, (), de ned (2014), and the theoretical results by B14 in the observed range
9 of max. The choice of uniform priors also yielded a faster com-
o ml 2nmF onae putation with Damondsas already discussed by Corsaro &
L L @) De Ridder (2014) and C15.
" ni Following the discussion by Ballot et al. (2004) and B14,
We t the acoustic glitch signatures with the model introwe computed the acoustic radius of thelHeonesfe i, since
duced by Houdek & Gough (2007) and used by B14 for RGK,represents a quasi unbiased estimator of the acoustic posi-
de ned as tion of the glitch. This is done by using the mean large fre-
o 2 quency separatiom, i, obtained from the radial mode frequen-
A=A pexp 2b° 5. coS2 pen!nn+  +C (3) cies provided by C15, giving the total acoustic radius of the
i ) d ) Aadi ] star,T = (2h i) 1, hence the acoustic radius of the Heone,
Wi oy . n;’ an ! 2:n . 2 a ImenSIOﬂ- tHe I T He Il
Itﬁss:rﬁplltudebofttheh&gna;tu_ref&gn_g,tathe gcoudstlc depth of Finally, to provide measurements that can be used to model
e Hell zone,b Its characterisuc widih, and andc areé con- the helijum abundance in the envelope of the stars, following

stant phasc_e shift and set, respgctively, of the oscillatory sig—Bl4, we extracted the amplitude of the signal aky from
nal. Following the arguments discussed by B14, we apply t@a. (3), obtaining

t to the second di erences only because they are less prone

to additional varying components, such as hydrogen ionization oo .

and non-adiabatic processes, and to the general frequency'%ﬁe;*x= A max€Xp 207 fay (4)
pendence of the large separation caused by the development of

the second-order term of the asymptotic relation (Mosser et @fiith ! max = 2 max and max derived from the background t
2011b). The second derences are at the same time available one by C15. Following Verma et al. (2014), we also derived the
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the envelope was preferred since this value is not in uenced 12.4
the location of the glitch (see, e.g., Mazumdar & Antia 200.  12.2
Mazumdar et al. 2014; Verma et al. 2014). For clarity, we stre 0.6
thatAnax is derived from a Bayesian approach by using the sar
sampling of the posterior probability distribution obtained b 0.4
Diamondsor the free parameters of the glitch model (see als
Corsaro & De Ridder 2014, Fig. 7, for an analogous case pim 0.2
senting the sampling fromiBmondsor a combination of dif- =

—_

ferent inferred parameters). The parametigrs andAye simply S 00
follow from their de nitions as presented above, by using bot 3,

the valuen i; computed from the radial mode frequencies pr¢ < —o.2
sented by C15 for each star of our sample, and the estima

model parameters of Eq. (3) (see Sect. 3 for more details). —0.4F

amplitude of the signal in the frequenciég,e, given as 136 1T 7 77 T T g
3.4F ! L4

Amax 1 E | 3

— _. 5 _ = - -
Mo 30032 a1 ® g eep w3
whereh i is the same mean large frequency separation us — 12'8 = e T . Ir = E
to calculatetye ;, and e is the same acoustic depth used it 2“7 F af Coa E
Eq. (3). The adoption oA to retrieve the helium content in 5 12-6F - E
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3. Results

The results for () and ,-() for the star _ L .
. . -ig. 1. Acoustic glitches for KIC 12008916lop panel the rst dif-
KIC 12008916 are shown in Fig. 1 (top and bottom pa rence, (), Eq. (). Blue squares represent values computed from

els, respectively) and can l_)e found in Appendix A fo_r &% = 0 modes, while green triangles fron 2 modes, with polynomial
the other LRGs, together with the tables with the individuals (gashed lines witgh same co?or as symbols) overlaid tg vi);ualize the
measurements of the radial angular frequentigs and of the oscillatory trend. The dashed vertical line marks the position,gffor
corresponding second angular frequencyedénces ! no( ) a referenceBottom panelthe second dierence » ( ), Eq. (2), with
used in this work. We discarded KIC 10123207 from the the same symbol description as for the top panel. The solid red line
because of the low number of available measurements (folndicates the tto the' = 0 measurements given by Eq. (3) with the
second dierences only, one less than the minimum requirektimated parameters listed in Table 1, as derived i3nmoNdsThe
to t the model given by Eq. (3)). To help the reader visualiz&orizontal dotted line denotes theset levelc<(2 ), which is useful for
the presence of the oscillatory signal in the rst drences of Visualizing the amplitude of the signature. Tinsetshows a zoom in
the angular degrees = 0;2:3 and in the second derences of one of the measurements to visualize the precision level of the t.
of the angular degrees= 2;3, we included low-degree (3})
polynomial ts. The 1 uncertainties on the rst and second
di erences derived from a standard error propagation of the case of > no( ), and similarly for the other stars in
uncertainties of the individual mode frequencies, followindppendix A. All the estimated parameters of Eq. (3) are pro-
Egs. (1) and (2), respectively, are overlaid in each plot, thouyified in Table 1. The inset in the bottom panel of Fig. 1 provides
they are not visible in most of the cases because they &loser view of one of the measurements for visualizing the
smaller than the size of the symbols used for the measuremeRtécision-level achieved in the t. In particular, we nd that the
The uncertainties on all the measurements are listed in th@del given by Eq. (3) yields a remarkable t quality for most of
corresponding tables in Appendix A for completeness. the stars, with average uncertainties @% for ey and 8%
We nd that all the stars we analyzed have clear acoustier b. Following the analysis presented by Corsaro et al. (2013),
glitches due to the signature of the Hezone in® = 0 and We obtained the weighted Gaussian rms of the residualg,
2 modes up to the second dirences. We can also see the preélisted in Table 1 as well).
ence of acoustic glitches in= 3 modes for most of the stars  To computate the rms, we adopted the weights 2,
thanks to at least four derent frequency measurements that amghich are the uncertainties on the second frequencgrdince
available. As mentioned in Sect. 2, we nd that the measurgeming from those reported in Tables A.1. The quantitys
ments for modes having angular degrées 2; 3 often deviate provides additional information to the reader because it allows
from those of the radial oscillations (see, e.g. Figs., A.6, A.8)e quality of the ts to be compared between drent stars and
A.10, and A.13). As also indicated by C15 for the case of thbe precision achieved on the individual ts to the given uncer-
mode linewidths of thé = 2 modes, this dierent behavior re- tainties of the data points to be related. We note that for all the
lies on the presence of both mixed quadrupole modes and ts-presented in this work, the values fory,s are remarkably
tational split components. When using an individual Lorentzidaw, ranging from 10% down to 10® Hzin the best cases, thus
pro le to tthe frequency region containing the oscillation peakjn many cases reaching the same order of the precision level ob-
either an' = 2 or 3 mode, as done by C15, thesets mentioned tained on the individual frequencies of the radial modes. For a
before can signi cantly change the measured frequency of theference to the reader, in Table 1 we also provide the values for
peak. A reliable treatment of the mixed modes and of the rotidfte total acoustic radiu$, with its 1 standard deviation and
tional split components for = 2; 3 modes is, however, dicult the values of n,, Obtained by C15.
due to the high proximity of the individual peaks. The stars KIC 8475025, KIC 9145955, KIC 10200377, and
The model t to the acoustic glitch signatures ofKIC 11913545 each show a component at high frequency that
KIC 12008916 is shown in the bottom panel of Fig. 1 fois not properly predicted by the adopted model. This mainly
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Table 1. Median values with corresponding 68.3% shortest credible intervals as derivdidhyandsor the parameters discussed in Sect. 2.

KIC ID Hell A b c tHe T Annax Ae max rms

(s) (s) (rad)  (Hz) (s) (s) (Hz) ( Hz) (Hz) (Hz)
03744043 1346858 001370010 153527 19702 08600 37183583 5065258 0:1399%% 0077002 11252 0007
06117517 1842303 (0:04030017 168513 0:702 0:580% 31128583 4955147 0:1889%1 0:306093% 12027 0017

06144777 1608328 0:003400006 720106 1:4+02  :67'002 29576449 4566013 (0:22010907 0:2740%9  129.69 G011

07060732 15886%° 0:014290028 125684 1:4'02 (06500 30032432 45019%% 02120913 (0245095 13229 0017

07619745 12238% (001319093 104180 1502 06390 2606435 382063 0:184'002 01590910 170.82 0011

08366239 118267 00118392 94083 1:0'03 0:4970% 24686400 36513201 0:196°003 017779912 18556 0020
08475025 177965 0:00659%17 1121769 2:0'02 0:6170% 3440653 5220344 02077099 0225901 112,95 @023
08718745 124683 0012009018 126653 1:3'03 1:02'0% 31490974 43958531 0:187°0%0° 0:11890% 129.31 (012
09145955 156267% 0:01000902 1232109 1:7:02 (:g0r0% 29717504 45339424 (01640912 (0:186'004 131.65 0015

09267654 155315 0:00725901% 11551 3:0'03 0:87°307 32891555 48427344 0:19299%€  0:1697590 118.63 0018
09475697 167823 0:0060°99912 107017 2502 0:65°03 34052290 50835012 0:20799%  0:200°09%¢ 115.05 0015
09882316 92323 0:03425%0:% 1176732 4:1%05 073398 27402532 36634750 0:163501% 0:08399 182.04 0011
10200377 1566(2¢ 0:0415709%% 151750 0:9'0° 0:76'5% 24327721 39988323 0:147°2%17 0:330°09% 14252 0029
10257278 105691 0:1106790181 163932 1:503 0:83'9% 30551310 411163 0:144°2%7 0:0750504 149.47 0007
11353313 168195 0:010430% 1255160 1:4+03 71700 29749337  465687%% 0:17872914  0:249°9920  126.46 0006
11913545 1521835 0:01223%0% 14128  34'03 0:70'0% 3422252 49440735 0:164°25%¢  0:127°9%  117.16 0005
11968334 1342977 0:.007435012 98788 2:6'03 0:72'0%: 30573230 4400333 0:2237%%  0:169779%5 141.43 0007
12008916 124925 0:01137002 987'%  2:0'93 0:73'9%¢ 2650575 3899830 0:2432%7  0:21299% 161.92 0013

Notes.The parameters refer to the angular measurements of the secaéries, ;! o ( ), and the corresponding frequenclego, of only

the radial modes. The parameters of the model to t the acoustic glitch signatures in the secemeacies, Eq. (3), correspond to the columns

from one to six. The acoustic radius of the Hizone, the total acoustic radius of the star, and the amplitudg.ain the second dierence and

in frequency (Egs. (4) and (5), respectively) are indicated in the columns from seven to ten. The last two columns provide the reference values
max (Provided by C15) and the weighted Gaussian rms of the residuals, as described in Sect. 3.

relies on some residual frequency dependence of the second difaracteristic widtl, are shown in Fig. 2 (top, middle, and bot-
ferences that becomes more pronounced towards the wingsaofi panels, respectively) for all the stars in the sample. We note
the region containing the oscillations. However, we note that thgat while the model parameters (Eq. (3)) and their correspond-
measurements at higher frequencies all have larger error biag 68% Bayesian credible intervals are estimated by means
(up to 10 times) with respect to the others, because of the largéDiamondgsee Table 1 and Corsaro & De Ridder 2014 for
linewidths of the peaks occurring at high frequency (see Chore details on the derivation of the Bayesian uncertainties),
for more details). The ts derived, except for KIC 8475025the uncertainties for the additional parametegs;, Amax, and
are therefore not signi cantly eected by the measurements ofA,. were obtained in a subsequent step. In particularAfs,
the second dierences falling at high-frequency, whereas theye used the same sampling of the posterior probability distribu-
are almost entirely constrained by those close #g. This tion as obtained by mmondsso we have derived the median
is inspected by re tting the glitch model without the highesand the corresponding 68% Bayesian credible intervals directly
frequency measurement of the secondedénce (showing the from the marginal probability distributions .« Fortue  and
deviating behavior), hence noticing that the new estimated frég., the uncertainties follow from those of the acoustic depth
parameters of the model lie well within the uncertainties of thoskerough the de nition of the acoustic radius, and by a rescal-
reported in Table 1. For KIC 8475025, however, we nd that thimg of the uncertainties oAnax through Eq. (5), respectively.
t is unstable owing to the large deviation (more than Ok2z) All the resulting values are listed in Table 1 as well. We note
of the second dierence measurement falling at the highest fréhat the precision obtained on our measurements of the acoustic
guency (see Fig. A.7). This is because the measured oscillatiadii of the Hell zones is about ten times higher than obtained
frequency of the highest frequency radial mode is likely to be afy Miglio et al. (2010) using CoRoT data. In addition, all the
fected by additional sources, such as mixed modes and rotatioralies match those predicted by B14 along the entire range of
split components arising from the neighbos 2 mode, which  paxinvestigated, showing a clear increasing trend towards lower
are enhanced by the large mode linewidths (see C15 for mofgy, as expected for more evolved stages of the evolution in the
details). To stabilize the t for this star and provide estimates &#GB. The derived amplitudes in frequenéye, are within the
the model parameters that are comparable to the other starsaimge 008 0:33 Hz, and are varying from star to star with un-
the sample, we have therefore chosen to discard the last mesrtainties on average aroun@%, thus opening the possibility
surement of the second dirence for this particular target. Inof studying the He abundance by direct comparison with stellar
the case of KIC 8366239, KIC 9267654, and KIC 10200377, tmeodels.
highest-frequency values are marked as unreliable, according to
the Bayesian peak signi cance test done by C15, although th%yC Ui
were included in the t since they do not produce any signi cant* onclusions
change in the results for the same reasons discussed above. By exploiting the set of individual mode frequencies extracted
The measurements of the acoustic radiys,, the ampli- by C15 for a sample of 19 LRGs with a precision level up to
tude of the signalAyax from Eq. (4), and the correspondingl0O 3 Hz, we computed the rst dierences, Eq. (1), and the
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- F ¢ o ] Finally, the set of values foAnax and Aye derived in this
K o5k © o . 4 work, where the latter are not in uenced by the position of the
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Appendix A: Results for the tting the acoustic Fo T T T T T T T
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Fig. A.2. Same description as in Fig. 1 but for KIC 6117517, with yel-
low star from" = 3 modes and corresponding polynomial t with same
color. Open symbols represent measurements that used modes with de-
tection probability under the threshold suggested by C15.
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Fig. A.5. Same description as in Fig. 1 but for KIC 7619745. Fig. A.7. Same description as in Fig. 1 but for KIC 8475025.
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Fig. A.6. Same description as in Fig. 1 but for KIC 8366239. Open synf-ig. A.8. Same description as in Fig. 1 but for KIC 8718745, with yel-
bols represent measurements that used modes with detection probabditystar from™ = 3 modes and corresponding polynomial t with same
under the threshold suggested by C15. color.
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Fig. A.9. Same description as in Fig. 1 but for KIC 9145955, with yelFig. A.11. Same description as in Fig. 1 but for KIC 9475697, with yel-
low star from” = 3 modes and corresponding polynomial t with samdow star from™ = 3 modes and corresponding polynomial t with same
color. Open symbols represent measurements that used modes wittcdir. Open symbols represent measurements that used modes with de-
tection probability under the threshold suggested by C15. tection probability under the threshold suggested by C15.

Fig. A.10. Same description as in Fig. 1 but for KIC 9267654. OpehRig. A.12. Same description as in Fig. 1 but for KIC 9882316.
symbols represent measurements that used modes with detection prob-
ability under the threshold suggested by C15.
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Fig. A.13.Same description as in Fig. 1 but for KIC 10200377, with yelFig. A.15.Same description as in Fig. 1 but for KIC 11353313, with yel-
low star from” = 3 modes and corresponding polynomial t with samdow star from™ = 3 modes and corresponding polynomial t with same
color. Open symbols represent measurements that used modes wittcdir. Open symbols represent measurements that used modes with de-
tection probability under the threshold suggested by C15. tection probability under the threshold suggested by C15.

Fig. A.14.Same description as in Fig. 1 but for KIC 10257278, with yelFig. A.16. Same description as in Fig. 1 but for KIC 11913545.

low star from™ = 3 modes and corresponding polynomial t with same
color. Open symbols represent measurements that used modes with de-
tection probability under the threshold suggested by C15.
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Table A.1. Radial angular frequencids,, and second angular fre-
guency di erences ;! , for all the stars of the sample.

KIC ID !'no 2! no
( Hz) ( Hz)
03744043 5728795 2:29'033
63398503 0:39*3:98
6958750 0:03"09°
75779052 1:277357
82098508 1:23'51°
06117517 5887398 0:597217
649917357 2:83"011
71379351 0:83"092
776837092 0:84+208
84071095 1:05*3:20
90564517 0:467232
06144777 648177353 0:647313
707:62°052 1:9808
77675051 0:59"092
84529591 0:90"29%
91474353 1:41%030
98559508 0:85'013
) - I _ 07060732  63§6'39° 0:517212
Fig. A.17.Same description as in Fig. 1 but for KIC 11968334, with yel- 20276+008 2:7?8;%%
low star from" = 3 modes and corresponding polynomial twith same 71 48+8§8§ 0,44+8§8§
color. Open symbols represent measurements that used modes with de- g0s oS
tection probability under the threshold suggested by C15. 83976%,0, 0280
90832592 164511
97851508 0:45+022
07619745 8483508 124522
92884593 2:10*519
101136392 0:66"292
1093217252 0:5972%8
117564°35%  1:39°21¢
125948013 0:19'938
08366239  89M1"3% 0:80°321
97331502 2:62'514
105923735 0:03"11
1145197392 0:4973%8
123066+09°  1:.42'51
131754357 0:18'522
140460377  2:56'130
08475025  5586"507 108518
617497058 1677317
67818592 0:77°39
73810392 1:09"59¢
79912594 1:19'519
861327757 1757034
08718745  6654"50s 2:85'519
73248598 0:23°097
80364751 0:127393
87492393 176357
947.96" 594 12751
09145955 6403752 0:46'31%
70729354 1:987299
776447353 0:487398
84511592 0:63"3:98
91441+59¢ 1:20'31
98491508 0:11+0%
1055537329 1:6172%2

Notes.All the values are reported with luncertainties as obtained by
standard error propagation from those provided by C15.
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Table A.1. continued.

KIC ID !'no 2! no
( Hz) ( Hz)
09267654 592570 2:40'3%
66307553 0:89'597
72779759 0:27'554
79224739 1.67°2%8
85836702 1.01°912
92549'513 0:68" 3¢
09475697 5757739 1:43'320
63210093 1:48357
6941135 0:72'5%
755401591 1:1372%
817.8273%% 1:30°212
881:54'505 0:20'933
09882316 96816752 2:23'014
1054327798 0:54'333
113963053  0:06'019
122500705 1:31'377
131169'51;  1:007032
10200377 6574739 2:98'012
72781502 2:80"024
80569303 0:28'5%¢
88385002 0:31°9%
96233592 1:3370%8
104213508 1:087021
1123027915 0:72'%31
10257278  78&2°3% 310311
86129792 0:45'557
937.40°%%2 0:23'9%
101375703 1.17'3%
1091277338 0:91792
11353313 6285709 1:15'922
68953'003 167911
757.09°3%2 0:58'552
82406302 1:37°297
8924139 0:90'97%
9616517 0:25'528
11913545 58%273%° 2:50'033
65135002 0:79'597
714975 0:35°393
7782450 1:237394
842747393 1:00°3%
90824739 0:74'521
11968334 7334735 2:56'312
804817393 0:45'558
876347297 0:54'5%3
947.32'5%3 1:63597
101993799 1.07'312
12008916  83P33%3 2:95'014
9122535 0:69"3%
99316592 0:745%¢
10733370% 175097
115525'0%2  0:95'01%
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