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Cosmology Breakthroughs in Recent Past

gOur' theories of the Universe are based upon General
Relativity which, like Newton's theory, predicts that
gravity is an attractive force which would act to slow
any existing expansion.

: . , : : THE
‘The discovery that the expansion of the Universe is ACCELERATING

currently accelerating was heralded as the sk .
"Breakthrough of the year” by Science in 1998.




The Observational Landscape

Union2: 557 SNe Ia
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Aims

Our' aim is to use the youngest SSC to help discriminating among
the various theoretical alternatives to explain the accelerated
ekpansion of the Universe by using a HIIG distance indicator to
accurately measure Ho, Om , wO and wl.

I will first discuss the determination of the Hubble constant Ho,
then the determination of Om and the equation of state of the dark

energy. Finally I will touch on the implications for a universal IMF.



The GHIIR and HIIG Hubble diagram

This Hubble diagram includes 25 high z, and 109 nearby HIIG plus 23 GHIIR.
All lines are for Ho=74.3 and Ok = 0.

Hubble diagram for three different

E ~ cosmologies.
et — RIS e
: 1 Thered line indicates the concordance
E ‘ ~ CDM cosmology: Om = 0.3 ; wo = -1.0.
- The green line shows a cosmology with
35j 7 Om=0.3; wo=-2.0.
S -
30 - KO — The blue line shows a cosmology with
B \Y : il
| “\“e“a\ T | Om=10; wo=-10.
25+ on0° Terlevich et al 2015
o ae® =
g ]
20} | Residuals are plotted in the bottom
E - panel.
2 il it an =
=  Normalized to H0=74.3 and Qk =0 =
E : - =
S ' : ~ Note the huge dynamical range in
= - distance modulus of almost 30 mag
2B o | .l .. Curvaturedepends on Gosmology  covered with the L-sigma distance
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: indicator.



H IT Galaxies = Naked starbursts = Extremely young SSC

HIT galaxies are compact massive burst of star R Lt e A Ty

formation in dwarf galaxies.

; v
By selection the luminosity of HII galaxies is Compact.
completely overwhelmed by that of the burst. As a
consequence they show the spectrum of an HIT region
(that's what they arel) and they are very compact. .
Theiy are discovered mainly in spectroscopic surveys

dug to their strong narrow emission lines, i.e. very large
equivalent width, EW(Hg) >504 or EW(Hx) >2004.

Beicause the luminosity of HII galaxies is dominated by e T i
the: starburst component they can be observed at very =t A lmost no continuum! :
large redshifts, and this fact makes them
cosmologically interesting objects.

o &N

=1

The observed properties are those of the youngest

SSC with almost no information (contamination) from - \

the: parent galaxy. This is a consequence of selecting | 4 J

an;dida'l'es with EW(H(”)ZOOA * Erbout 307 of this continuum is continuum recombination FF and FB!
5 : R T R

aAld




Evolution of the Eq. width of Hp in a burst (SB99)

Sfelec’ring compact narrow emission line systems with EW of Hf > 50A or
Hx > 200A provides a sample with:

5 Myr
-An upper limit to its age (~ 5SMyr), ST S T
: g, %=0.020
-Limited escape of ionising radiation, o [ |
— EEEREE \'.J\.E'; .......... 501&...........:
. [J [J ° [ [J ><r' - © -
-Limited contamination by an older population | :1! i
: = 1 :
z f‘g_
W[ PR ]
= W I
ok Y ~
) ) i
l 1 | 1 1 11\ ! l 1 ! 1
G i 3] 2
log (Tine |yr)
I1G. 856

F16. 85 —Hg cquivalent width vs. tume. Star formation law: instantanc-
7 ous: solid tine, x = 2.35, M | = 100 M | long-dashed 'me x=330,M_ =
100 M. shorr-dashed me @ = 2.35, M, = =30 M : (@ Z = 00&0 fh\

L= 0020 (e)Z — 0.008;(d) £ — 0.004; (e)z 0.001,



SDSS Images of H Il Galaxies - COMPACT!!

18
.Elﬂllilﬂﬂil 4-1]?5?23 J031023.94-083432.8

The colour in these SDSS

stamp images depends on
redshift.

Some are green most are not.




Are BCD HII Galaxies?

Thée answer is: no.
Blue Compact Dwarf (BCD) were selected by Fred Zwicky by colour and compactness.
This selection provides samples of galaxies with a young population but in contrast with

HII galaxies, the underlying galaxy is clearly visible in the images and the spectrum.
Only those BCD that satisfy the criteria EW(Ha)>200A are HIT galaxies.

HII galaxies are the youngest BCDs.
HIIGx
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Are BCD HII Galaxies?

Can HIT galaxies evolve into BCD?

Possibly. As the burst evolves, its luminosity rapidly diminishes and after few million years i

becomes less luminous than the parent galaxy.

A problem though is that in general BCDs have higher [O/H] than HIIGX.
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HIIG and BCD Diagnostic Diagrams
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Measuring Hy -The L-sigma relation for HIIG and GHIIR

log L(H B) = ( 4.92+0.08) log 0 + (33.40%0.12)
r =0.96, rms =0.231, N = 92

& VI

e Zero Point

Log L(HRB) (erg s™")

Chavez et al. 2012 MNRAS, 425L,56
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Four of the 36 GHIIR

Fernandez Arenas et al 2017

An independent determuination of the local Hubble constant. 27

xwon
- -9

Figure Bl. Ea image obtained from NASA/IPAC Extragalactic qa:t}mwc (NED), high-scaolution prolile for the UHIIRs and low-
reacluticn epactrum.



HIIG line profile

Velocity dispersions: UVES Data
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Measuring Hy - The L-o relation of the anchor sample

log L(H B) = 5.01 log ¢ + (33.23+ 0.05)
r = 0.88, rms = 0.263, N = 23

o NGC6822, 1=23.36+0.01

- M33, u=24.49+0.01

A NGC2366, u=27.68+0.20
NGC2403, u=27.46+0.11

g C2574, 1=27.90+0.02

S NGC4236, pu=28.2420.22

[ i 1
m M101, u=29.35+0.01 | |
~ LMC, p=18.48+0.01 7
- SMC, p=18.89+0.01 : % y oA

The anchor sample is
composed by GHIIR in
galaxies with distances
determined using Cepheid
light curves.

Their luminosity is therefore
independent of Ho .
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Measuring Hy -The L-o relation of the H II Galaxies

Thé luminosity depends of Ho . x° solution

R R A
log L(HB) = ( 4.99:0.17)lcq o(HB)+ (33.22:0.27)
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Measuring Hy

V\/ge obtained:
Chavez etal 2012 Ho=74.3 + 4.2 (random+systematic)

That should be compared with:

Féeedman etal 2001: Ho= 72 + 8 (random+systematic)
Sandage etal 2006: Ho= 62.3 + 5.0 (random+systematic)
Riess etal 2009: 0=74.2 + 3.6 (random+systematic)

Riiess etal 2012: Ho= 73.8 + 2.4 (random+systematic)

anid since Chavez etal 2012:
Frg'eedman etal 2012: Ho= 74.3 + 2.6 (random+systematic)
Ri?ss etal 2016: 0= 73.2 + 1.7 (random+systematic)

Our results is in excellent agreement with the latest more precise

determinations.
17




Measuring Hy - Final comments

While the error in distance for a Giant HII region or HII galaxy is about 0.16 dex, i.e.
abeut 3 times larger than that of the SNIa, the fact that there are more than one HIT
region per galaxy (typically 2-3) and furthermore there are many more nearby galaxies
wifh Cepheid determination and HIT regions than with SNIa, makes our method a strong
competitor capable of reaching random errors of ~ 1 km/s in the determination of Ho.

An:important point mentioned by Riess et al 2016, is that the SNIa results will not
improve substantially in the future because the rate of discovery of SNIa in nearby
gaféaxies is on average only one a year and after its discovery a lengthy process has to be
stdrted to determine the redshift independent distance to the parent galaxy that
without HST will be more difficult.

On the other hand, GHIIR in nearby galaxies with redshift independent distances are at
present more than 200 and the number of HIIG run into several thousands.




L - sigma Fundamental Plane and the viral theorem

Introducing the size as a second parameter reduces the scatter to the observational errors level.
This indicates that the L-sigma is a 2-D projection of the 3-D fundamental plane, L-sigma-size.

The virial relation predicts exponents 2.0 and 1.0 for the velocity dispersion and size respectively.
The values from the fit to HIIG, 2.46 and 1.1 are not far from the predicted values.
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Mdynamz’cal VS Mistars + Mionized gas

Cofnparing the dynamical and photometric masses of HIIG

Mion = 5.0 x1034 L(HB) mp/ Gert(HPB) 2 visNe Mo
Mst;ellar =TS e 10_34 L(H B) M@

9.5 tor ‘ — T ,,

Mdyn — k G-1 reff 02 M@ 90_ I , ]
: ! S allag? |
Sy eas

= 8.0 '/# , o Lk N
7.5 //, .‘/.“l‘l, ’_if‘_q N

Thereiis not much difference in the mass
estimates.
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This résult is very interesting considering the

uncertainties involved in these estimates. i RS S e ]
: 7.0 — L’ s o
// '~
6.5% ,,/ ‘ v .
6.0L7 . | 1 | | ] ]
6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
Log Mdyn

Figure 15. Comparison between M. + M;on and Mgyy,. The
continuos thick line represents the best fit to the data. The dashed
line shows the one-to-one relation.



 We therefore postulate that the young
~ S5C that ionise the HIIG and GHIIR
are gravitationally bound systems and
~that the velocity dispersion of the
_ionised gas is a good measure of the
depth of the gravitational potential.
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Manifestations of different Dark Energy models

Théa plot shows the relative distance modulus, Au=A(m-M), between different models.

Evén with fixed () there are important Au differences with respect to a reference
model (w=-1, £2,=0.27) due to w variation and/or w evolution.

Mc@ximum Ap. variation occurs at z>2, i.e. out of reach of current SN Ia surveys.
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VLT XShooter observations of high z HIIG
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HIIG at z=2.43 observed with MOSFIRE ar KECK
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HIIG at z=2.17 observed with KMOS at VLT
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The L-sigma relation including high z HIIG
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Preliminary results including our MOSFIRE high z HIIG data

Our Aé\CMC result for a flat universe (Qx= 0) with Ho=74.3.

Om =027 %011 and w = -1.04 *032 44

(only statistical uncertainties)

The sample has 109 local HIIG and 22 high z HIIG with high quality data from VLT-XShooter and KECK-MOSFIRE.

The Suzuki et al 2012 580 SNIa solution with statistical uncertainties only gives

Om =0.28 %009 and w=-1.0192! o553

Wo

Q,, = 0.277907

Our preliminary result
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(same scale)

Amanullah et al 2010 (dashed)
Suzuki et al 2012 (shadow)



CONCLUSIONS

HIIG explore a range of high z (1.5 < z < 3.5) that is not available
to other methods (SNIa and BAO). This range is crucial to study
the evolution of the DE equation of state.

Results are very promising. Cosmology with HIIG and GHIIR is
becoming highly competitive. Needs more data and more work.

The fact that our results are in line with those from SN, BAO and
CMB implies that our basic assumptions are correct.

We will learn more about massive star formation that in turn will
allow a better distance estimator.

Expansion to higher z (z~7) depends on availability of
instrumentation.
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