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Update on AIMS

* AIMS is now publicly available:

- September 2015: version 1.0
— April 2016: version 1.1

 more and more users:

- Birmingham, Meudon, Porto ...
- solar-like stars, red giants?
— discover bugs and improve the code
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AIMS In a nutshell

4 Analytical priors & 4 Grid of models
Observational constraints: e n-dimensional (n = 3)
e SEISMIC: V,, I, To,, T, AV * pre-computed pulsation
« classical: T . L, [M/H], ... frequencies
« error bars and correlations * optional surface effects

AIMS = “Asteroseismic Inference on a Massive Scale”
 unstructured linear interpolation
« MCMC approach with parallel tempering (via the python

EMCEE package, Foreman-Mackey et al. 2013)

(

" Estimated properties
* probability distribution
functions for different

Representative models
* provides coefficients for inter-
polating acoustic structure

parameters « allows inversions
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Grid tessellation
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Mixing length parameter, ay ¢

Metallicity, Z,
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| - Some results

Results for Arthur using a
grid of 400 000 CESTAM
models
 Mass

Age (in Myrs), ¢
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What has changed in version 1.17?

» extrapolation beyond

the edge of the grid is L

now possible

this can cause other
problems, as recently
discovered

* the user can easily
Introduce new grid
parameters

HHE R BRI RIER TR

AIMS_configure.py (~/SPACEINN/AIMS /project) - gedit
POpen - 8 save g. B D, O

AIMS_configure.py X
HAARHBHAHAREHB RSB RHRHE

fi2:8:3: 5500 00000 0 0e0i 101 0: 5 2150051844

User-defined parameters
This variable allows the user to introduce supplementary parameters in

addition to the parameters hard-coded in to AIMS. These parameters
can then be used as output parameters (see output_params) and/or even
as grid parameters used to define evolutionary tracks (see grid_params).

This variable must be a list (or tuple) of pairs of strings. The first
string corresponds to the name of the variable which should be used, for
instance, in the grid_params and output_params variables. The second
string is the fancy latex name for this variable. Allowance needs to

be made for a prefix and and postfix (hence the two "%s"). These will
be replaced by appropriate strings if, for instance, one asks for the
log of this parameter.

(("Xc", r'Central hydrogen, $%sX_c%sS$'),)
(("Xc", r'central hydrogen, S$%sX_c%sS'), \

("alpha_MLT", r'Mixing length parameter, $%s\alpha_{\mathrm{MLT}
# ("alpha_semi_conv", r'Semiconvection parameter, S$%s\alpha_{\math
user_params = (("alpha_MLT", r'Mixing length parameter, S$%s\alpha_{\mathrm{MLT}}

("Zs", r'Surface metallicity, $%sZ_c%sS'), \
("Xs", r'surface hydrogen, $%sX_c%sS$S'), \
("Zc", r'Central metallicity, $%sZ_c%sS'), \
¥

#user_params
#user_params

£

("Xc", r'cCentral hydrogen, $%sX_c%sS$'), \
("Tc", r'Central temperature, $%sT_c%sS (in K)'))
S T

Python + Tab Width: 8
]

Prinrs
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Ongoing and future improvements

* Inputs/outputs:

- read binary frequency files from ADIPLS

- write XML files to be used with OSM (Master's work
by B. Herbert)

* numerical aspects

— Speed up various parts using fortran or c?
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XML file produced by AIMS

KIC8394589 seismic.xml (~) - gedit

. oo | %]
!I- pren v ﬂiaue —!

-] KIC8394589 seismic.xml X

kccnfig>
<parameter name="agemax"=
<value> 4.27178656e+03</value=
<step> 2.00000000e+01</step>
<rate> 5.00000000e+00</rate>
<bounds> 2.00000000e+01 , 1.00000000e+04</bounds=
</parameter=
<parameter name="mtot"=>
<value> 1.05689192e+00</value=
<step> 3.00000000e-02</step>
=rate= 3.00000000e+00</rate=
=bounds> 5.00000000e-61 , 5.00000000e+00</bounds=
</parameter=
| <parameter name="zsx0">
| =value> 1.17213649%e-02</value=
<step> 1.00000000e-02</step>
<rate> 5.00000000e+00</rate>
<bounds>-3.00000000e-01 , 3.00000000e-01</bounds=
</parameter=
<parameter name="alpha"=>
<value> 1.63098234e+00</value=

B - Lt alatlatalatatlals e o

XML + TabWwidth:8 - Ln1, Col1 IN5
T ———————————————T

B. Herbert (M1 master's project)
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Other SpacelNN tools

SPACEINN analysis tools For solar-like oscillators - Mozilla Firefox
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[ SPACEINN analysis t... =

€ (| bison.ph.bham.ac.uk/spaceinn/ ¢ | |Q search 4+ A T B 4 & @&

mWwWork~ [EPSF_PLATO~ [WPERSIA~ [ETeaching~ [EInformatique~ [EiConferences~ [EReview~ [EEmail-~ »

Analysis tools for solar-like oscillators
The tools

The following tools have been produces as one of the deliverables for the SPACEINN network. The SPACEINN
i1 Detwork is funded by the European Community's Seventh Framework Programme (FP7/2007-2013) under
grant agreement no. 312844,

« InversionKit: a software for carrying out various types of 1D inversions (rotation and structure) as well as
inversions for integrated quantities.

« AIMS: a software for obtaining stellar parameters and confidence intervals, using classical and seismic
constraints.

« InterpolateModel: a software for interpolating the acoustic structure between multiple models.

« InversionPipeline: a software for carrying out inversions by automatically selecting reference models
from grid(s) of models.

« NonLinearKit: this is a somewhat experimental non-linear stellar structural inversion tool provided on an
as-is basis.

LW —1

|
Workflow

E Some of the above tools may be used in conjunction. Accordingly, we propose the following work flow:

« Use AIMS to calculate a representative set of models for a given set of seismic and classical constraints.
Each model from this set will typically result from interpolation in a grid of models, and will accordingly
be described as a linear combination of models. AIMS provides the relevant model names and
interpolation coefficients in one of its output models. Given the time it takes to carry out the next two
steps, one will take a sub-sample of the models produced by AIMS (typically with 100 models or so).

« Use InterpolateModel to combine the above models and find their acoustic structure using the above list
produced by AIMS.

« The above set of interpolated models can then be fed into InversionPipeline, thereby allowing a systematic
application of inverse methods.
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Inversion workflow

Interpolated models Stellar properties
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SpacelNN hare-and-hounds article

* number of participants: 4 hares + 14 hounds

 various methods applied by the hounds:
- grid (or forward) modelling
- glitch fitting
- misc.: inversions, scaling laws
» accepted for publication in A&A
— arXiv: astro-ph.SR/1604.08404
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The stellar targets

J C' George
4 _Qla]!n_| Felix i
|~_}G)
Ry , Izzy : Diva |
s 2l — | i
o
£ :
= Elvis
3 ——t—
- 1| H Observed positions o i
. o Exact positions —E
Evolutionary tracks from Aardva rk
Silva Aguirre et al. (2015) C’EI;'

6600 6400 6200 6000 5800 5600
Temperature, T 4 (K)

0.78-1.33M_; 0.82-1.72R,, 1.7 —9.6 Gyrs



toTre -~ LESIA

'j.l:'

‘9

Some results

tg (iNn Gyrs)

tg (in Gyrs)

23 % overall
accuracy
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Blofeld Aardvark

Diva Coco

Elvis
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Some results
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Results for the 1.0 M . stars
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Compliant with PLATO 2.0 requirements




3 I’.@uatp_l:_re -~ LESIA

Main conclusions

« forward modelling

- most accurate

- very model dependant
e glitch analysis

- more model independent

- complement forward modelling
 error bars

- global methods (grid, bayesian, genetic algorithms ...) more robust
than local methods (Levenberg-Marquardt)

* limitations of the exercise (based on models only)
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