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BetaDat: A 3 Cephei Database

B Cephei stars:

Main sequence pulsating variables of spectral type B0 to B3
Periods 2 to 8 hours

Amplitudes 0.01 to 0.3 magnitudes

Often Multiperiodic

Long-lived low degree low-order p and g modes (kK mechanism)
Sparse spectrum

Slow rotators

Rotational splitting small compared to frequency separation

Solar metallicity
7 to 20 M,




BetaDat: A 3 Cephei Database

B Cephei stars:

Simple internal structure:

Convective core ( ~ 0.3 M_,_) surrounded by radiative envelope

star

Modelling: fit the frequencies, the position in the HR diagram, the
metallicity ... long and tedious exercise BUT very nice results!

Observation from the ground:
Info on global parameters (M, R, age)
+ info on overshooting parameter
+ info on envelope differential rotation




BetaDat: A 3 Cephei Database

COROT main targets include (3 Cephei stars
HD 180642 in LRC1

Need for a tool to obtain results fast

-3 BetaDat




BetaDat: A 3 Cephei Database

Grid of stellar models: CLES Oscillations: OSC

M=8to20 M, by step of 0.1 ~100 stellar models on main
sequence

Z =0.010, 0.015, 0.020, 0.025 ~ 1 million stellar models

X =0.60, 0.65, 0.70
low-degree low-order modes

a,, =0,0.05,0.10, 0.15, 0.20 1=0,1,2,3 and |n| < 20

~10 000 evolution sequences ~ 50 million frequencies

Note: in progress... higher values of o, needed
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BetaDat: A 3 Cephei Database

Accessible through Web Interface

http: //astrotheor3.astro.ulg.ac.be




BetaDat: A 3 Cephei Database

3] BetaDat - BetaCephei Database - Mozilla Firefox

Several possibilities:

-Explore evolution sequences
and models

- ... with oscillation spectra

- Search with constraints
-... with or without constraint

on oscillation frequency

R

- Graphical Interface
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Explore Database: list of sequences of evolution

BetaDat : BetaCephei Database
El Explore databas

M7.%_0.010_0.00_0.70_001
M7.%_0.010_0.05_0.70_001
M7.%_0.010_0.10_0.70_001
M7.%_0.010_0.15_0.70_001

M7.8_0.015_0.20_0.70_001
M7.8_0.020_0.00_0.70_001
M7.8_0.020_0.05_0.70_001
M7.%_0.020_0.10_0.70_001
M7.%_0.020_0.15_0.70_001

- 0.00_0.70_001
_0.05_0.70_001

M7.9_0.010_0.00_0.70_001
M7.9_0.010_0.05_0.70_001
M7.9_0.010_0.10_0.70_001
M7.9_0.010_0.15_0.70_001
M7.9_0.010_0.20_0.70_001
M7.9_0.015_0.00_0.70_001
M7.9_0.015_0.05_0.70_001
M7.9_0.015_0.10_0.70_001
M7.9_0.015_0.15_0.70_001
M7.9_0.015_0.20_0.70_001
M7.9_0.020_0.00_0.70_001
M7.9_0.020_0.05_0.70_001
M7.9_0.020_0.10_0.70_001
M7.9_0.020_0.15_0.70_001
M7.9_0.020_0.20_0.70_001
M7.9_0.025_0.00_0.70_001
M7.9_0.025_0.05_0.70_001
M7.9_0.025_0.10_0.70_001
M7.9_0.025_0.15_0.70_001

M7.9_0.025_

M8.0_0.010_0.00_0.70_001
M8.0_0.010_0.05_0.60_001
M&.0_0.010_0.05_0.65_001
M&.0_0.010_0.05_0.70_001
M&.0_0.010_0.10_0.60_001



BetaDat: A 3 Cephei Database

Explore Database: Models on an evolution sequence
age, logT,, logL, R, log g, T_, p., X.,, M_, M__
_ . / VAR yAR

Parameter of the
chosen evolution
sequence;

M, X, Z, a,,



BetaDat: A 3 Cephei Database

Explore Database: oscillation frequencies of a model

BetaDat : BetaCephei Database

\

=0 <

\ [n]
a1
1
1
A :
|=1 :
1
|
f
=2 1
\
(

=3

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1




BetaDat: A 3 Cephei Database

Search Database:

Send requests with constraints on any of these parameters:
M, X,Z,a,,logT, logg,logL, age, R, T, p., X,
with possibly error boxes.

] Explore database - O\ Search - Q\ HR Diagram - Help - (& Administration
Parameter: Condition : Number1: Number 2: s B
Mass j I = =] I I Rule M7 successfully de b ted

Add I Search I Reset I

1 X=070 deleis
2 Z=0.020

3 Alpha=01 delete
4 Te between 4.35 and 4.38 delete
5 g between 3.87 and 3.94 delete
6 Xc between 0.698 and 0.01 delete




BetaDat: A 3 Cephei Database

Result of

the search:

list of evolution
sequences

Ij Explore databmse - Qi‘a‘eurcll

QHHI}ingr{un - % Help -

S Administration

Shte : Request completed

Frolution sequences : 16
Mok ks -8
Interpokited (0

Click hems iows the S0 mousat

Parameter: Condition : MNumber 1: Number 2:
Mass 4| EEE !
Add I Search I Reset I
1 X=070 del=t=
2 £ =0.020 delet=
3 ﬂ.|pha = Dl delets
4 Te between 4.35 and 4.38 delete
5 gbetween 3.87 and 3.94 delete
6 XcC between 0.698 and 0.01 deleis
Ref. Mass Z o X
MS.2_0.020_0,10_0,70_001 9.2 0,020 0,10 0,70
MS.3_0.020_0,10_0,70_001 9.3 0.020 0,10 0,70
MS.4_0.020_0,10_0,70_001 9.4 0,020 0,10 Q.70
M9, 5_0.020_0,10_0,70_001 9.5 0,020 0,10 0,70
ME.6_0.020_0,10_0,70_001 a5 0.020 0,10 0,70
S, 7_0.020_0,10_0,70_001 a7 0,020 0,10 Q.70
MS.8_0.020_0,10_0,70_001 a8 0.020 0,10 0.70
MS.9_0,020_0,10_0,70_001 9.9 0.020 0,10 0,70
M 10.0_0.020_0,10_0,70_001 1000 0,020 0,10 Q.70
M 10, 1_0.020_0,10_0,70_001 101 0.020 0,10 0.70
M 10.2_0.020_0,10_0,70_00] 10.2 0,020 0,10 0.70
B 10,3 0,020 _0, 100, 70001 10.3 0,020 0,10 Q.70
M 10.4_0.020_0,10_0,70_00] 10.4 0.020 0,10 0.70
M 10.5_0.020_0,10_0,70_00] 10,5 0,020 0,10 0.70
I 10060020 _0, 100, 70001 1005 0,020 0,10 Q.70

M 10,7_0,020_0,10_0,70_00]




BetaDat: A 3 Cephei Database

select one evolution sequence:
get the models which obey the constraints

BetaDat : BetaCephei Database
IJ- Explore database - CKL‘?-Ex:m:'h -

q HR Disgram -

Help - & Administration

Parameter: Condition:

Numberl: Number 2:

Mass j|=

=

Stte: Request comple ted

Erolution sequenoes : 16
Mexde s 51
Interpobied (0

Add I Search I Reset I Click hene i mes the SGL eouest
1 X =070 delete :. 8_0.020_0.10_0.70
TE R L
2 £=0.020 delete@?Add thess resulis o the HR Diagram >
3 Alpha —01 el T ———
4 Te between 4.35 and 4.38 delete
5 g between 3.87 and 3.94 deletz
6 Xc between 0.698 and 0.01 delete
rE Age Log Te log Lo Radius logg Te rhoc X
‘EI { 1. H3EE e 4, 3EEEeH) 3930656+ 3EE2906e+11 3931 2240 3 T4 e 9.31481 G AB12ET4e-1
2 1H 1. 46887 7T e? 4. 357 51440 393508840 ERE A ER TR 35217 5]leH] 2,313 e 9, 35454840 3.521553=-1
219 145411547 4, 356185940 3.9395 e 4.011017e+11 391202 5=+ 330 35847 9,305 Ted) 343055881
220 151505 e+? 4, 35481 2e40 35430 405694 e+11 3902 14]leH 240148 e+7 S, 4H4050 340 3.33775]e-1
221 154270547 4. 353466040 3B+ 4. 1015585e+11 3892 5T e 2410365447 89,4853 2e4) 32493531
222 1. 5656 3e+7 4, 3208 e 385222040 4. 147688+11 38R Ee ) 41541847 9. 532055a4] 3 1B0EM=-1
1,587 38547 4, 3607 4840 3.95618]eH) 4. 192 50Ge+11 3E7 38 e 4R 42T 5, 5R00 354 A07EIE4e-1

Mnc_no_ove
4. 362 525e+33
4.317643+33
4.2728%5%+33
422809 e+33
4.185133=+33
4.143255e+33
4. 10305 2e+33

b

Mnc_over

4835451433
4. 7RREGe+33
4.7 08 A=+33
45708 e+ 33
4. 630585+33
4. FERE40e+33
4. B4R0GTe+33



BetaDat: A 3 Cephei Database

BetaDat: BetaCephei Database
=] Explore database - l:‘:}\h‘-r-_'x:trvl:h

Graphical tool: HR diagram

error nOX

- Q

WHRE Disgram

“Mdministration

9.2 0.020_0.10_0.70
9.3 0.020_0.10_0.70
9.4 0.020_0.10 _0.70
9.5 0.020_0.10_0.70
9.6_0.020_0.10_0.70
9.7 0.020_0.10_0.70
9.8 0.020_0.10 0.70
9.9 0.020_0.10_0.70
10.0_0.020_0.10_0.70
10.1_0.020_0.10_0.70
10.2_0.020_0.10_0.70
10.3_0.020_0.10_0.70
10.4_0.020_0.10_0.70
10.5_0.020_0.10_0.70
10.6_0.020_0.10_0.70
10.7_0.020_0.10_0.70

3.87-3.94/4 35-4 38 (Error Box)

(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)
(Evolution sequency)

delei=
delet=
delei=
delet=
delei=
delet=
delei=
delet=
delei=
delet=
delei=
delet=
delei=
delet=
delei=
delet=

delei=

Open HRE Diagram [auomatic scal=)

Open HEingram (manualy scale=)
Error Box

LogT min -max

Log & min -max

Add this error box I

LogT min

Log &G min

4.33

Setscale

-max|4.4

3.8

-max |4

Set the scale I

Update colors

Update I




BetaDat: A 3 Cephei Database

HRE Diagram

log g

Pl
Pl
Pl
Pl
Pl
Pl
A
Pl




BetaDat: A 3 Cephei Database

Search Database:
It is also possible to request a given frequency of oscillation,
here one of the observed frequencies of HD1299209:
7.6284e-5Hz, an identified |=0 mode

IJ Explore databnse - Q\ Search - q HE Diagram - Help , S Administration
Parameter : Condition: Numher1: Numhber 2: Sl
Mass j |-= ;I I I Rule N8 successfully added
Add | Search | Reset |

1 K = D?D del=t=

2 z = DDED delete

3 Jﬂ.lpha =01 del=t=

4 Te between 4.35 ana 4.38 deletz

5 g between 3.87 and 3.94 delete

6 Xc between 0.69% and 2701 deletz

7 Hz = 7. 6284e-5 del=t=

E I = D delete




BetaDat: A 3 Cephei Database

Condition : Number 1:

Alpha =0.1

Te between 4.35 and 4.38
g between 3.87 and 3.94
Xc between 0.698 and 0.01
Hz = 7.6284e-5

SELECT "evolution_sequen 's1d, =17, 11" AS Molld,”Rule2” "Model” AS Mo21d,"Rulel™."1d™ AS Fr1ld, Rule2”.~
AS Fr21d FROM © AS Rulel,

“oscillation” AS Rule2 WHERE “evolu SELUENCY
el” AND "Rulel”™. " n” = "Rule2”."'n” AND "Rulel™.’]” = "Rule2”,

AND © ‘Mode ( el”. M ] i ) T2 =0.020 AND “Alpha™=0.1 AND (("Te” BETWEEN AMND
4. 38)0R( Te BETWEEN 4.38 AMND AND (("g” BETWEEN 3.87 AND 3.94)OR("g" BETWEEN 3.94 AND : :
BETWEEN 0.698 AND 0.01)OR("Xc” BETWEEN 0.01 AND 0.698))

7.6284e-5 BETWEEN "Rulel”."Hz" AND "Rule2”."Hz" )) AND ~

reSU|t - . 5 e |§I:1|§|
“St Of SOIUtionS 100 0.0 0.10

0.10

0.10
0.10
0.10




BetaDat: A 3 Cephei Database

interpolated model which fits the frequency:

“, search “\ HR Diagram & Help 5 Administration

Condition: Number1 : Number 2 : State: Request completed

i | | = M ” | | Ewvolution sequences : 11
Models : 11
Interpolated : ~2.75

[ &dd ] [ Search ] [ Reset ]

Chck here to sea the S0L requast

_ Preyinus
£ =0.015 (add these results to the HR Diagram

Alpha = 0.1
Te between 4.35 and 4.38
g between 3.87 and 3.94
Hz = 7.6284e-5

=0

Age Log Te Log LfLo Radius Log g Tc rhoc He Mnc_nol aver Mnc_ower I n
1.647010e+7 4. 366246e+0 3,921534e+40  32,9278452+11 3,912318e+0 3, 463203a+7 1,.0480772+1 3,.087293=-1 3,935240e+3323 4.364403=+33 0 1
Cb56828e+7 4.365655%=24+0 3.923276e4+0 3.946518e+11 3.908212e+0 3.467324e4+7 1.05048%9e+1 3.04929%e-1 3.91?9‘#1E+33 4.344987+ 33
1.66984%e+7 4,364871e+4+0 3,925587e+0 0.000000=-1 UM eee+l H A gYe+ s 1LUDEeE e+l 2,998912e-1 3,894973e+433  4,319240=2433




iInterpolated models

fitting the frequency f1

BetaDat: A 3 Ceph

el Database

.95

HE Diagram

.94

S0

Log G

L0

=1
—9
-9
-9
=1
—9
-9

=

=1
=10
=10
=10
=10
=10
=10

T | =10

4,385 4.38 4.373 4.37

4,365

4.36 4.355 4.35 4.345 4 — 10

Log

20
230,
40,
.80,
G0,
0.
W80,
B0,
L0_0.
W10,
20
230,
40,
a0,
B0,
0.

— 3.87-3.94/4.
Ao,
Ao 0.
L0 0.
L0 0.
Ao,
Ao 0.
L0 0.
Ao,
Ao 0.
L0 0.
Ao,
Ao 0.
L0 0.
Ao,
Ao 0.
L0 0.
# 9.3_0.020_0,10_0.70

S T I e o T T W T W

QZ0_0
0z0_0
0Z0_o
0Z0_o
QZ0_0
0z0_0
0Z0_o
QZ0_0
0z0_0
0Z0_o
QZ0_0
0z0_0
0Z0_o
QZ0_0
0z0_0
0Z0_o

39-4.
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We can also find the models which fit
the other observed mode of HD129929,
8.0767e-5Hz, an identified I=1 mode

Condition: Number1:

Alpha =0.1

Te between 4.35 and 4.38
g between 3.87 and 3.94
Xc between 0.698 and 0.01
Hz = 8.0767e-5

=0.020 AN

7 AND 3.94)0RI
BETWEEN 0.698 AND 0.01)0OR( Xc” BETWEEN 0.01 AND 0.6598)) AND ([ 8.0

5 BETWEEN "Rulel™."Hz" AND "Rule2"."Hz" )) AND "Rule 1
o X
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HE Diagram

fit f1

intersection:
model fits both

fit 2 f1 and f2
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Z=10.020

Alpha =01

Te between 4 .35 and 4 .38
g between 3.87 and 3.94

Xc between 0.698 and 0.01
Hz = 8.0767e-5

1.45011 547
1.45467204+ 7

Condition: Number1:

e
S22 AleHd
2.912437e+0

3 34T
3.383225+7
Hes T

[N

Ta2197e+33

Assume the mode is not identified: unknown value for |

search gives
results for all
possible
values of |.
Here,
frequency f2
can be =1
or I=3
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u Explore database - CK“n‘eurt-ll - QHRI)ingn:un - K .Help -  § Administration

Parameter: Condition: Number1: Number 2: Etnie: Bequest eompie ted

Mass v| I = vI I I Bralution ssquenoes : 14

Mexlebs : 42
Interpokied  -35,006780161 1328E-08

Add I Search I Reset I ol here o the QL et

X=070 delete: (BS100_0020 010070
Previous
Z=0.020 delete! { Add thess resulis to the HR Diagram

Alpha =0.1 delete
Te between 4 .35 and 4 .38 delete
g between 3.87 and 3.94 delete
Xc between 0.698 and 0.01 delete
Hz = 7.6284e-5 delete

Age logTe Log Lilo Radius logg Te rhoc o IMne_no_y Mne_over

1. 42500504+ T 4. 37060540 3,545 e 3.965542e+11 3.E2E2T Bl 3. 3863047 9.2 32015+ 3.572REe-1 441254 Lef 4 HE0AT Bt 33 f f1
1.451385:+7 4368325 +0 3.850840e+0 4.005435+11 3.81Ta08e+0 33932082+ 7 8, 265300e+0 3. 4907462-1 4372307+ 4.844307e+33 re q u e n Cy

1. 45392 2e47 4. 3701 52eH) 3.951285+0 0.000000e-1 381530 3. 30T 9.272 3540 3.481474e-1 4. 36772 e 48391580+ 33

1. 52550 e+T7 4, 365128040 356419140 4.14684650+1 1 3887467 o) 342101547 9404008+ 32111351 423532204 4BEE 3440+ 33 Ca n be

1.542848a+ 7 43640482 +0 2.06T382e+0 4182868+ 11 3.8T0064e+0 3.42R128a+7 9. 441422e+0 3.142254a-1 4202400 + 4.855443e+33

L.547614e+7 43637 53c+) 3,568 Boe ) 0.000000:-1 38T e 3438l el 9,451 706c+H) 3.123318¢c-1 4. 153350 46453000+ 33 I — O 1 2
9 ’ ’

1LA0FT S e T 4 37 176G 354247 4e40) 3ER2T01e+11 A.9357 3340 3 TR+ T 9.195191e+0 3EE2126e-1 4457 E e 4. 939005+ 33 -
1.41148]e+7 4.371380e+0 3.843822e+0 3.835807e+11 3.662847e+0 3.378477e+7 9.205432e+0 36348008 -1 4444128 4 452302 1e+33 0 r 3
1. 425006+7 4, 37050540 354680 e 0.000000:-1 3.EEE2TEeHD 3385330047 9232015+ 357280 e-1 441254 14 488057 5o 33

1478567 o+ T 4, 357850+ 39557 (e 405537 e+l 1 3008842040 3.403015c+7 9.31431 240 3,300306e-1 4, 32237 ey 47891810433
1.481133e+7 4.367T0Ee+0 3.855148a+0 4.060108+11 3.8058833e+0 3. 408955+ 7 9.318044e+0 33806008 -1 4.31781 54 4. T84083e+33
15027 1de4 T 4. 365647 Je4) 356003340 0.000000e-1 AEETO e 341214347 9. 359487 e 3.2688455e-1 4277591 2e 4.7 3461 e+ 33
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Database

HE Diagram
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10 0.
10_0.
10 0.
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10 0.
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10_0.
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10 0.
10 0.
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BetaDat: A 3 Cephei Database

Access info:

http: //astrotheor3.astro.ulg.ac.be

Username and Password: Send mail to
Anne.Thoul@ulg.ac.be




