he.lowest.ena@

Sandsthiesprimordial
& He abundance

Elena Terlevich, INAOE, México
Roberto Terlevich, INAOE, Mexico
Evan Skillman, Minnesota, USA
Fabian Rosales, I10A, UK
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r| o'_'r Ig-bang nucleosyntirresis —

> Ciel I ow Alpher Herman (1945- 1953)
(bute nal

C aeated all the elements
ayashl (1950)

'hl-—ll'

'_-_'-

- Successes in stellar evolution and
nucleosynthesis...
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M

J“THIP'; Aeana Wilson (o562
(predicte =

cir) )

= Si55INI . Peebles, \Wagoner, Fowler, Hoyle,
ﬂ ramm, Steigman, etc...

redlcts primordial abundances of
*D‘4He SHe, 7Li
covering 9 orders of magnitude.
» Predicts number of neutrino species.
» Predicts neutron half life.
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Théﬁpfimordial abtindances can heusead

Serdetermine the banyon-to-pheton density
1] |

) 0 Tal co O trie 1irst | 0.25
the abundanci - oo

elements de
: 0.23

| l-I—-HJlJlIJ'IlI]

interplay be e
reaction r
SHe /H \\; .
= \ ]
3 107

(Fiorentini et al. 1998, PhRD 58,463506)
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o

V. is found by extrapolation of the
dY/'dZ relation terZ =0 -

300

—

e

Fsince the
‘Universe was
born with no
heavy elements,

100 150

O/H x 106

high-quality measurements of Y and Z are
sep-O’;eq u I red I Estallidos07

(Pen}(ant:& %r(gf_lf’gbnbert 1974)




o
__ainties -

atomic parameters,
gal.chem.evolution

siallar underlying stellar absorption

— ionization structure

rlagtllar
| temperature structure
Qelfelffaters

H | collisional enhancement
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—

Brocklehurst (1972)
Smits (1991, 1996)

Benjamin, Skillman & Smits
(1999)

Porter gt,al.;(2005)




—
HCOMPIELE knowledge of the |on|zat|
sudicruie

T

=

A W | A W

=& “Jfthe romgren radii of H
anéHe do not coincide, the

- abundance ratio He / H is
either or

EstallidosO7




@hization structure, SolutiGns:

i

| i&pply selection
Crlterla

(Pagel et al. 1992)
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1eda

S0

E_I[ A4000
W] R4TLL, mATa0

Al

_E

o l‘ww,w

am

[Fe ] 245

2000

Wovelength (4]
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structure, sojuitiens,

/ NARROW

[ SLIT\

f

|

\
\

saannnanaaansy

(Luridiana et al. 2003)

sep-07 Estallidos07




smperature fluctuations

N(X) _ 7 I(A)

T, fits all? IV (HT) ~ I(Hp)

(Peimbert, t?)

(Garcia-Rojas, Peimbert)

sep-07 Estallidos07




LUridiana et al. 2003)

;_._;(BI:If then chemical evolution model
~ dependent; dY/dZ)

Or, new coeff. including coll.excitation

(Benjamin et al. 1999, Porter et al. 2005)
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_—

EstallidosO7




"'-"‘hr

Iylng apsorption

(1998)

'I-------_l
- 4026 447 8578 5876

SKILLMAN ET AL.

- Hz/H' = 0.082
08 | |

E

s He'lH* = 0.078

LA
HevH’

H SB5 0335-052
= o ILCFGK 9T

-
0 & 10 15 20 25 30 35 40
Cibsarved EW (He | line)

STTE a7
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,_;l!._.' -

21ying absorptlon - -

Izotov and Thuan (2004) data

v2 dramatically reduced by

Fukugita & Kawasaki (2006)
(bottom)

correcting for underlying
absorption.

=EW for all Hel lines
= EW for each galaxy
Olive & Skillman (2001,2004)
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Urjcf' Ving akseption, selutions

EEp o g EWAE B ard E BH ebjects
(5 Iifen, Eukugitai & Kawasaki)
nd correct =EW for all Hel lines but
= EW for each galaxy.
ieep to high EW objects (Izotov, Thuan)
and correct = EW for all Hel lines but
= EW for all galaxies.
3 Observe nearby objects for large spatial res.
(30 Dor, Peimbert)
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PREENYINg absosption; selutions

M-obian Rosales (MSc Thesis 2006),
/Q? tarformlng galaxies from SDSS-DR4,

> ﬁ ferent methods to correct for underlying
. pion

e leferent methods to obtain linear
regressions

EstallidosO7




SDSS 4 - selection criteria-

* Prominent emission lines with high Ha / Hb EW’s

-

IL.ow abundance:

[N I1] 6584 / H o < 0.2

High ionization level

log([OII]/HR)

70 high quality objects b
identified log([NI1]/Ha)

EstallidosO7




IGHT Method

Iedeveloped by Cid Fernandesyetal. (2004)

GuNcsolution evolutionary synthesis models ( Bruzual & Charlot 2003)

asynthetic model to an observed spectrum through a lineal

o
I
CO

ke
mbmann of N , SSP’s

EstallidosV 7/




. SDPSS Hilfgalz -
) B)oe galaxy |

NORDAIRAF W2,13-BETA Belena-terlevichs-computer,local Mon 15:40:22 26-Feh- 2007 S
CepSpec-51630-0266-100, Fitl*.11]: 3600, api:l beam:O

l ST 1k

| l
BO00D FO00

blavelength {angstroms)
Estallidos07




aia - -
HOADA-IRAF WZ,12-BETA Felena-terlevichsz-computer,local Mon 15:35:42 ZB-Feh-Z007
CzpSpec-R1630-0266-100, Fitl*.11]: 3600, ap:l beam:O -

WWW. WA

| | | | | |
4000 4250 4500 4750 G000 250

blavelength {angstroms)
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. e
HOROD-IRAF YW2,13-BETA Eelena-terlevichs-computer, local Hon 15:dﬂ:2§-EE-FEb—EDD?
CepSpec-51630-0266-100, Fit[*.11]: 3600, ap:l beam:0 —
| | | | | |

I kb 1k

| ]
RO F000

blavelength f{angstroms}
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]_

MOARD- IR

ar=IR region

W2, 13- BETH Felena-terlevichz-computer,local Mon 15:50:07 26-Febh-2007
[zpSpec-51630-0266-100, Fitl*.11]: 30,

ap:l beam:

—

400

Se00 2800

blavelength {angstroms!

EstallidosO7
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1 Class!@}_Lnethod

gasSiellar population synthesis to subtract —>

r)u [Eremission; Petter measuremen’f'of faint
SIission Ilnes and detectlon of WR features (Cid

,—ar zifleleisy) ——

gerduantification ofi the stellar population.
f@ ‘N Jonic and total, plus a minimization code

= e

T firom Hel/Hp ratio

s —..
o ——
—

radiative transfer,

optical depth,

collisional excitation,

Hel underlying absorption

self-consistent method (Olive and Skillman
sep-07 2 004) Estallidos07
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41 ary o? stellar atmospheres (Gonzalez-
BEIEN0 Ct a12005, MartinseraF2005)

mj'r_‘ olution SO00= D00IA, 2.5,- 1/201Z0
HJr) SYNhESIS (SSP) using Sed@ (Cervino)
ﬁ\/\/ el) from T, g
EVWAHL o) Sed, Z=27 O/H (mass fraction in

;"; _,._;metals)
~age
" Jteration to obtain best fit;

liInes measured and subtracted from
observed spectra

sep-07 Estallidos07




-_——
ARLIGHT Method

N,

1’12 { €T, j»lr‘\ 0 A Vi Ugy Oy } — Z [{ O AT jllr;'\ } "l"_.f_.?.:"n] ? y
A=l1

Masking out specific spectral regions

Infers the properties of the stellar populations

Accurate measurement of emission lines through the:

(Kauffmann et al 2003, Cid Fernandes et al 2005, Gu et al 20006)
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IGHT Method

Fy/Faozo

MM%MW‘?N Q*MQLM%WM '

Wgwfw

WLWMJWWWWU LWme

4000 4200 4400 4600 4800 2000
Longitud de onda (A)

Espectro resiudal

NN IIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII 11 Ilﬁ_"l_lllllllllllllllllllll
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0.6

0.4

03

0.2

01

=
o

D.E8f
pest
o |
0.2
o 2
]

starlight

N 0/H por [CO] +a727

& 0fH por [¢O] 383

- IZw 18

C Yp = 0.2448 + 0.0044  Minimes euadrados, GLS{YIE)

C Tp = 0.28B0 + 0.0018  OLS(YIX) por R + oy

C Regrogon Ortogomal

C e = 0.2415 + 1.0014  ajuste Robusto

C 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1

i} 10 15 20 26 a0
o/H [10%]

0.4

0.3

Lol (=

0.1

# N0 por [OT] X37ET

A N/Q por [OO) 273ES

EstallidosO7

Fw 18 T
Tp = 02483 + 0.0036  uinimes euadrados, DLE{TLE) ]
Tp = 0LETEY + 0.0013  GLA{YE) por 33 + oy J
Eegremicn Ortogonnd ]
Tp = 0.2431 + 0.0014  Ajuste Robuato ]
1 1 1 1 | 1 1 1 1 1 1 1 1 I 1 1 1 | 1 1 1 1 I 1 i
5 10 16 20 2h
N/H [109]
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I_) [ - " "
2ellf iFlineatios
: - . INE EOVC
B B L S B —u.au: *
—D.E.U_— éx"x ] ;
I x xéi’.;,? ] [
- - RS 5o A0 B
i . * xi’ w o * 4 L
. L . T« w - T I B A A I
N i 03 0.4 05 0.8 0.7
L % | log Ha/HE
-p40 _
‘ HS/HB vs
== Hy/HB VS Ha/HB
___-_ 045l b Ha/HB

—0.55

0.3 .4 0.6
log He /HE

—0,80 P R R S

—0.36
log Hy/HB

EstallidosO7
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| Underlying stellar absorption correction

el determination

I. Individual selection per object

2. Determination of 7/

= 3. Approximate age determination through H § and Sed@
( Cervino A¢)
Bt (- < -8x 10° years
spectra dominated by type B stars

SSP model chosen accordingly to the closest combination of

Z and age found in PGos3, OV INAOE

EstallidosO7




~ Underlying stellar absorption correction
ol

e

I
He T 24471
He T »44%1

Loh]
B
—
=
)
o
+
i
~
—
™y
.
[
)
(&
—y
el
=
=

4446 4451 4496 4431 4451 441 4491 4511
Longitud de onda (4) Longitud de onda (&)

EstallidosO7




[inear regressions

(Using Sed@), Cervine ==

- Yvs. O/

Underlying stellar absorption correction

0_5 [ T T T T T | T T T T | T T T T I T T T T I T T T T I T i 0_4 [ T T T T I T T T T I T T T T | T T T T | T T T T I T ]
) ] L # N/0 por [OO] Mavey :
SERE ] r ]
E .25 B B 0/H por [OO] A3727 E 5 N/0 per [0O] w7325 .
04  4a = 0/H por [ON] 37326  — r “ ]
r 0.23 7 0.3 I E _I———__________ .
- E 0 2 ] C R T .
| L . 'y ! —
e C ] ] L N
—i 0.3fF - L= .
e C ] rZ ]
= i - E_ E = 02l T _
= 0.2 r z 1 : :
E ] r Ew 18 .
o 12w 18 7 N Tp = 0.2482 + 0.0034 Minimos cuadrados, OLS(YD)
; ¥p = 0.2450 + 0.0050 Minimos cuadrados, OLS(YIX) ; 0.1 r Yp = 0.2707 + 0.0013  OLS(¥IX) por x¥ + o 7
0.1 ¥p = 0.2643 £ 0.0021 OLS(YIX) per x* + oy - [ ]
T - - Regresion Ortogonal -
r Regresion Ortogonel ] C ]
C Yp = 0.2438 + 0.0018  Afuste Robusts . 5 Yp = 0.2456 £ 0.0013  Ajuste Robusto 1
0.0 x TR N T TR AN NN TN TN SN [N TN TN SN SO A TN SN SN T AN SN NN TN TN AN TN NN TN S NN 1 y ool v v 0y sy T

0 5 10 15 20 25 a0 0 5 10 15 20 25

0/H [10%] N/H [109]
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e — T '
- Balmerline ratios

* “Observed
Black points

* Corrected
for

underlying
absorption:
Blue points
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Concordance with WMAP predictions

Oxigeno Nitrogeno

Curit-m:. ARS I

0.25 0.26 0.23 0.24
Abundancia primordial Yp

|
0.26

0.27
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ey

GUSological Implicatiens: ==

CMB
I I I I I bl

O 25 Olive & Skillman 2004

0.25

=

_—r"“‘—f‘

Luridiana et al. 2003 — 4  Oxygen

0.24

lzotov et al. 2004

0.23

104

Kirkman et al. 2003

IIIIIIII| II—l——l—IIlIIIIlIIIIl

o

Pettini & Bowen g

I

10-° 10-°

10— 109

\

L1 L lIill —-H+|

Theado & Vauclair
— 2001 —_ -

And-so do the new
values from R T

Peimbert et al. 1
2007 and from

T
s
—
=

e

O

IBYov et al. 2007. Estallidos07
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0.65
v
0.60
= @
< 0.55F
E 0.50 ’
= ® Present prediction
- v EO04 observation
] 0.45
0.40 ’
0.35 1 1 1 1 1
2 3 4 5 B 7 8

Porter et al. 2007
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