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Overview

Overview of the First lonization Potential effect

Initial FIP effect discovery.

Taken from Feldman (1992). Schematic
representation of the solar FIP.
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The FIP effect - more history
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Overview

Motivation

m The physics driving the FIP effect is still unclear

m Much of the FIP analysis is done assuming stellar/solar
abundances within examined stars

m Stars with super-solar abundances are the best candidates
for observing FIP dependency in varying compositions

m They are also the best candidates for testing the solar
assumption
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Overview of what we did

Coronae of
stars with
supersolar

elemental Measure coronal abundances of three high metallicity
abundances
stars previously not measured.

Peretz U.,
Behar E.,
Drake S.A.

m Collect additional data of previously measured, but not
analyzed high metallicity stars.

Results

m Determine the FIP trends.

m Compare conclusions based on solar abundances rather
than real photospheric measurements.
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11LMi spectra
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11LMi RGS and EPIC-pn spectra
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Horologii and HR 7291 spectra
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Wavelength (A)

20
Wavelength (A)

¢t Horologii and HR 7291 EPIC-pn spectra
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Abundance - Emission Measure degeneracy
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FIP trends
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The FIP bias
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FB = log (( Acorons) Aphoto) )

<Acorona/AphotO> ) high

FIP Bias
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Summary of FIP bias measures
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s Table: FIP bias measures (uncertainties)
eretz U.,

Behar E.,
Drake S.A. Reference

Object Photospheric Solar Wood10?!

11LMi 0.08(0.38)  0.00(0.43) 0.08(0.44)
. Horologii | 0.38(0.20)  0.31(0.18) 0.54(0.18)
HR 7291 0.50(0.41)  0.32(0.17) 0.92(0.17)
7 Boo 0.42(0.75)  0.23(0.54) 0.28(0.38)
( (0.17)
( (0.16)

o Centauri A | 0.45(0.22)  0.37(0.17) 0.65(0.16)
o Centauri B | 0.34(0.20)  0.28(0.16) 0.42(0.18)

'Wood & Linsky (2010), Ar./ < Ac, Ao, An; Ane>

Peretz U., Behar E., Drake S.A. Coronae of stars with supersolar elemental abundances



FIP Bias - continued
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Conclusions
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m We measured the FIP effect in six high metallicity stars
Peretz U.,
B(‘h;r ES
Drake S.A.

m High depletion regardless of FIP

m Dependence on Spectral type consistent with Wood &
Laming (2013)

Conclusions

m True abundances have major implication on FIP research
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Looking ahead
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m More observations

* Highest metallicity stars
e (. * Larger sample
Behar E., * Can be done with a CCD spectrometer
Drake S.A. . .
* Aim: measuring true FIP trends

Future

normalized counts s keV* cm2
5x10
T

1
Energy (keV)
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Tables

11 LMi abundances

Table: 11 LMi Summary of Fitted Parameters

Parameter  EPIC-pn Value  Uncertainty RGS Value  Uncertainty
lo lo

X2 273 5375

DOF 265 5002
kT [keV] 0.23 0.22-0.24 0.14 0.11-0.19
kT [keV] 0.57 0.55-0.60 0.38 0.34-0.41
KT [keV] 0.69 0.57-0.83
C [solar] 0.1 0.0-4.2 1.1 0.6-1.9
N [solar] 15 1.0-3.8 0.6 0.2-1.2
O [solar] 0.4 0.3-0.8 0.8 0.6-1.0
Ne [solar] 0.9 0.5-2.0 0.8 0.6-1.0
Mg [solar] 0.9 0.7-1.5 - e
Si [solar] 0.6 0.4-0.9 e e
Fe [solar] 1.0 0.8-1.5 1.0 fixed
Ni [solar] 4.4 2.0-7.1 0.8 0.0-1.9
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Horologii and HR 7291 abundances
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elemental

abundances Table: ¢ Horologii and HR 7291 Summary of Fitted Parameters
Peretz U.,

Behar E., ¢ Horologii HR7291
Drake S.A.

Parameter  Value  Uncertainty Value  Uncertainty
lo lo

Avg. x? 122 117

Avg. DOF 116 118

Tables

kTilkev] 026  0.23-0.30
kTolkev] 075  0.68-0.81

O [solar] 0.4 0.3-0.5 0.25 0.2-0.3
Ne [solar] 1.1 0.9-1.3 0.4 0.3-0.5
Mg [solar] 1.9 1.7-2.2 0.9 0.8-1.0
Si [solar] 15 1.2-1.7 0.3 0.2-0.4
Fe [solar] 1.3 1.2-1.4 0.8 0.7-0.9
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Wood & Laming (2013) trend
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Results using the Wood & Laming (2013) FB. Grey lines represent the
observed trend therein.
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FIP trends
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More results

FIP trends - continued
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Detailed balance equations in detail

Coronae of . N . . . .
stars with In general for a given ion, consider the population density in
supersolar . . . . .

elemental upper line j, with only electronic processes dominant:

abundances

Peretz U.,

Behar E., dn' / /
» J _ 1 I+1 I -1 1.1 1.1
Drake S.A. E = Ne a,+1n + Sl_ln + Z QU n; + Z Q,-jn,- — ... |+
i>j i<j
+ D Ak = Ay + -
k>j i<j

Modeling details

If we consider equilibrium, and invoke additional coronal
assumptions:

Qgjneng

0= ngneng — ZA,-J-nj = nj = Z A
i<joi

i<j
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Theoretical spectrum

Coronae of
stars with

AR Define the power spectrum as the total photon density emitted

elemental ; .-
abundances per element ion per energy transition,
Peretz U.,

Behar E., A
Drake S.A. U . — 7’1 —
k<j kj
Nz Njion N Aji
= nony 2% ion Ng ij

flion Ng 9P
NH NZ Nion = Y k<j Akj

Modeling details

Define the branching ratio, the abundance Az, and G(T), to
obtain:
P,'j = nenHAZG(T)BR,-j

. . ph
Integrating over the volume of the source we finally get *~.
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