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The ExtraGaloctic Universe and its Cosmoloay

V\Ihy the sub-mm?

. ~50% of the uV-optical light Pr'ocluced has

been reprocessed by dust (COBE) — FIR-
Submm

. Wealth of molecular lines that +race state
of gos in the ISM (PDRs, dense regjons,
shocks, etc)

. ~0O0O0O more dusty SB galaxies +han

exPechecl (e.a. ChapmantOs )
. Neaaﬁve k-correction
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The ExtraGaloctic Universe and its Cosmology
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Accelerated Expansion

Afterglow Light

The ExtraGalactic Universe and its Cosmology Dark Energy s a ‘
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Pattern  Dark Ages Development of E
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Cucciati et al. 2012 (UV)
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. Formation & Evolution of aalaxies
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The ExtraGaloctic Universe and its Cosmoloay

Cosmology 9 high-z Universe

Challer\ges with ALMA:

. Finding dust enshirouded *-fForming goloxies
. Measuring evolution of dust/gos mass

. Properties ol ISM nearby and at high-z

. Interaction between AGN and ISM

. Coc;mo\oay uc;ina molecular alacsorPJrion lines
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The ExtraGaloctic Universe and its Cosmology - I_OCQ\ ul’]ive\"se =
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SF law in local LIRGs
IC 4687, 0.4 (sub—kpc) resolution
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The ExtroGalactic Universe and its Cosmology - Local uhiverse - i a

1 CO(

Multiline Obs of mial—c;’rage merger VVi4

Saitotls o
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. CO, HCN, HCO+ map on I0-800 pc res.

. Nuclear starburst/AGN

. Wide-spread dense 9+ar—$ormiir\3 gos

. Shocked gos (mer'aed induced)

. Gas arms without star-fFormation

. Potential dwarf golaxy Formation at tidal tail

e

PORTUGUESE ALMA COMMUNITY DAYS 201 1A, Porto, March 145 201G



The ExtraGalactic Universe and its Cosmology - Local universe -

instituto de astrofisica
e ciéncias do espago

Bi-polar Outflows ih NGC5236

emtesriis '\\\;’3._‘_‘.““I'I
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- ALMA (Band3, Band7) + SMA observations Sakamoto+i4
. co(z2-), (3-2) and HCO+(4-3)

- Merger with large molecular outflow (both nucle) with 750 km s-1 & GO M yr
. Nuclear molecular surface cler\sier of >10? MD Pc’Z
 Star-Formation + AGN contributions
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The ExtraGaloctic Universe and its Cosmoloay

ISM Proper+iec:- in local ﬁalaxiec;

ALMA multiine imaging of NaC253 (Meier+is)

- Local

SV (mdy beam")

I I 1 I I I

HCN

CH
complex

HCO*

Ccs

H40a

HC N

CH,CH

H,CS
CHSH NHCHO| HCS C

sy

—— Extended
Compact [}

.';.H(.;DOH.'

I I I I |
CN

co
CN

c'o
CO(v=1)CH NS

NS

86 865 87 B75 88 885 89

98 985 99 095

100 100.5 101 101.5 102 1025 103 103.
Frequency (GHz)

5 1125 113 1135 114 1145 115

1155

PORTUGUESE ALMA COMMUNITY DAYS 20I6

T

ALMA

instituto de astrofisica
e ciénelas do espago

“50pc resolution, B3 (3mm)
50 detected (27 id) lines
General view of star
Formation / feedback
S+rona molecular outflow
From starburst

CO distrib. traces Ha
Ratio of outflow rate and
SFR > |
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The ExtraGaloctic Universe and its Cosmology - I_OCQ\ ul’]ive\"se =

ISM Proper+iec:- in local ﬁalaxiec;

ALMA multiine imaging of NaC253 (Meier+is)

112.36 GHz
<1 molecular gas
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The ExtraGalactic Universe and its Cosmology

NGCIOG7, an A

=] T T

101

86 88 89 98 99
Rest Frequency (GHz)

ALMA 3mm , 5 Opc resolution
Analysis indicate:

- HCN, HCO+, CCH, Cs, HNCO, sio, HC3N, and soO

- Complex molecular chemistry

- HNCO, sio and HC3N enhanced around AGN

- HCN/HCO+ and HCN/Cs discriminates AGN/SB -> sub-mm Bf

diagram (e.q tzumi et la 203)
- DiFferent spices probe ditfFerent physical structures
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- Local universe -

LMA multi-molecule lab

Offset dec (")

o~
ALMA
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The ExtraGalactic Universe and its Cosmology - Local universe -
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SF GuPPreesion (the case of NGC-H266)

NGC 1266 ' CARMA + ALMA
HST YJ

Analysis indicate:

- outflows

- SF suppressed by ~50 Foctor
- Too much turbulence
- AGN radio jet maylae responsible

Alatalot+Is
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The ExtraGaloctic Universe and its Cosmoloay Bl l_oca‘u univer‘ge -

instituto de astrofisica

e ciénelas do espago

AﬁN/Hoer—aalaxy interaction

_BGC in Abell 1835 and SF 100480 MO yr"'
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The ExtraGaloctic Universe and its Cosmology

Evolution of the ISM mass

Scoviletid =
%

Detected Sources

- Hiah—z uhiverse -

. Dust Continuum B7 (870mu)
07 aalaxiec; with saome M-* (IO')
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The ExtraGaloctic Universe and its Cosmology

ISM at high redshift

Averaoe rest frame sub-mm spectrum

- Hi@h—z

universe -
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The ExtraGolactic Universe and its Cosmology = H|ah-z universe - i a
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Search for aluc;er 9+ar—Pormin@ goloxies

. Band 7 (870um) continuum observations of 122 sSM@Gs in the ECDFS
- High sensitivity and angular resolution of ALMA for unbiosed sMG survey

b/ o ALMA (>3.50) ®
1000 E e . ALMA (corrected) o
¥ ABOCA, W09 (>3.70) M

e LABOCA P(D), W09 — =— - 1

Scaled (x 0.5):
pin et al. (2006) —-=—-

‘o
Q
o
v 100 .
.E‘ 4
g 10
. 4
g % I
1 I -l.‘.\\
1 10
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Karim+i3
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The ExtraGaloctic Universe and its Cosmology - Hih—z ur]ive\"ge =
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. H-ATLAS 09031+003906 (sDpP.8l)
. ALMA l_onﬁ Baseline Camp. ~5km
. Continuum at 10, 13 & 2.0mm

. 23 mas res.— 180pc ot z=3.042

ALMA Par‘+|’\er‘<5hip+20l'5
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The ExtraGoalactic Universe and its Cosmology K Hlah‘z uhiverse - ia w
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CO J=5-4

. H-ATLAS 09031+003906 (sDpP.8l)
. ALMA l_ona Baseline Camp. ~5km
. Continuum at 10, 13 & 2.0mm

. 23 mas res.— 180pc ot z=3.042

Declination (J2000)

. CO J=10-9, J=8-7, J=5-4 & H,O
| (2 Y ) line emission
. ~70 mas beam for CO;
09" For H O (hiahec;Jr—z detection?)

AL MA Par+nerc3hip+l‘5

Right Ascension (J2000)
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The ExtraGaloctic Universe and its Cosmoloay

- Hi@h‘z uhiverse
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. H-ATLAS, HI429-002.8
. ALMA CO (U4 — 3) transition

. Massive stellar sys. (13 x lell M)
.z = 027
. SFR ~400 MH yr—l

RIGHT ASCENSION
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The ExtroGalactic Universe and its Cosmology - H|ah-z universe -
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Dus-l'y sSB galaxies
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(&)
é 4
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HST/WFC3 HST/WFC3 VLT/ISAAC HST/WFC3 VLT/ISAAC
SPT 0529-54 SPT 0538-50 SPT 2134-50 spT2146-55 T | | sPT 2147-50
' "
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SOAR/OSIRIS HST/WFC3 HSTWFC3 VLT/ISAAC VLT/ISAAC
Vieiro+3 Target CO emission with ALMA band 3 (3mm). 10/26 ot z>4
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The ExtraGoalactic Universe and its Cosmology - H|ah_z universe - i a
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Du9+y sSB galaxies
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The ExtroGalactic Universe and its Cosmology = H|ah-z universe - i a
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Redshift Machine l I ——

(e@. Weiss+i3, Vieirat+i3)
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The ExtroGalactic Universe and its Cosmology = H|ah-z universe -

Redshi-t Machine
(e.q Carili, Walter 2013)

S
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The ExtraGaloctic Universe and its Cosmoloay - Hlah-—z univer‘;e -
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SFR in high-z @S0s
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The ExtraGaloctic Universe and its Cosmology
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Lc] s8] de«claency? e
£ HCMBA
9|l [~ Gonzalez-Lopez+2014 —0.45
./ Schaerer+2015
B Maiolinos 2015 (clump A)

. Detection with modest sSFR % TESEE o8
(50300 M yr) & z~45 8l .
(Carilli+2013, Carniani+2013, Williams+2014, Y - L ARIVAN ~
Riechers+2014) < i '_0'90§

F7 | N

. No detection at normal SFR g 1058

(~10M_yr) @ 26 X _
[ d-1.20
(Walter+ 2012, Kanekar+ 2013, Ouchi+2013, y =
Ota+2014, Schaerer+ 2015) ! Rce
5l _
. Detections for z~5-7 LAEs & LBGs i -1.50

(Maiolino+15, Willott+15; Capak+15) i 0 0 1 2
log (SFR/M_ yr)
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The ExtraGaloctic Universe and its Cosmology
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9 typical (~1-4-L*) 9+arPormina golaxies ™1 billon yrs ofter the big bang (2~5-0)
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The ExtraGaloctic Universe and its Cosmology

Extended SF on X--ray AGN
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Cl + continuum for 3 LBGs at z~7
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Cosmology with absortion lines bbb
Evolution of. CMB Temperature Mueller+2, Noterdaeme-til
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. Excitation analysis of abeorp’rion
lines alonﬁ QSO LOs I

PKS 1830-211 (PC2-FB14W)

PKS 1830-24 g Eﬁi

Redshift
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Cosmology with absortion lines

Constrraints on the constancy of constants..
Fine structure constant (1), Molecular isotope ratio % P+—+o-e' mass ratio

ALMA 290 GHz Continuum 957 GHz o—H,0 line HST I band

Lirfe/Continuum Spectra
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