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Main motivation!









Some scientific highlights/results!

!
•  A very bright z=5.2 galaxy under the microscope: IR-mm"

Combes+ 2012, Rawle+2013, Boone+2013"

•  Searching for IR/sub-mm galaxies at z>5-6"
Boone+2013�
"

•  « Normal » star-forming galaxies at z~1.5-3: a complete picture 
of their gas, dust, and stellar content"

Sklias+ 2013, Dessauges-Zavadsky+2013, Zamojski+2013"

•  First hints on dust in « normal » z>5 galaxies with IRAM and 
ALMA"

Boone+2007, Schaerer+2013"



A very bright z=5.2 galaxy under the microscope"

~200 mJy 
at 500um

Magnification μ= 8.9"
"
HyLIRG:"
L(FIR) =1.8x1013 L ⦿"
SFR(FIR) = 2100 M ⦿/yr"

CO redshift from IRAM: z=5.24"
"Combes et al. (2012) "

50 mJy at 1.3 mm!
(SMA Compact)

SMA+Subaru/Suprime-Cam

Lensing galaxy at z=0.6



Slides courtesy of E. Egami (PI HLS)!

•  Complex line profiles: Likely 
suggesting merging system 
Outflow signatures?"

•  First detection of [NII]205μm"
•  Spatially resolved 

components and KS law"

IRAM (30m, PdBI) and SMA 
observations:"
Combes et al. (2012), Rawle et al. (2013, 
arXiv:1310.4090), Boone et al. (in prep). "



Searching for IR/sub-mm galaxies at z>5-6�
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•  Multiply imaged Herschel 500 micron 
dropout, detected with LABOCA"

•  Associated with multiply imaged 
z=6.1 LBG (HST + VLT)?"

  Dusty galaxy at z=6.1 �
or SZ substructure!

Boone et al. (2013, arXiv:1308.6707)"



Searching for IR/sub-mm galaxies at z>5-6�
 

Other high-z candidates from the HLS + LABOCA 
LP (PI Boone) followed up at IRAM"



« Normal » star-forming galaxies at z~1.5-3: �
a complete picture of their gas, dust, and stellar content �

 

The « space invader » 
galaxy behind �
Abell 68  �
(APOD)"
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« Normal » star-forming galaxies at z~1.5-3: �
a complete picture of their gas, dust, and stellar content �

 
•  Tdust and Mdust determined for ~10x fainter 

galaxies"

  higher dust temperature at high-z?"
  Same ratio of dust/stellar masses at high-z 

as in local/nearby galaxies"

Sklias et al. (2013, arXiv:1310.2655)"
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•  Direct dust attenuation measurements consistent 
with stacking results at z~1-2.2"

•  Energetically consistent SED modeling (vis – IR): �
- SMC attenuation law excluded, Calzetti OK �
- Constrains SF history: rising SFH disfavoured!

Sklias et al. (2013)"

Buat et al. (2012)"

« Normal » star-forming galaxies at z~1.5-3: �
a complete picture of their gas, dust, and stellar content �

 



Other lensed galaxies: cB58, Cosmic Eye (z=2.7- 3.)"
•  Energetically consistent SED modeling (vis – 

IR): �
- SMC attenuation law excluded, Calzetti OK �
- Constrains SF history: �

!rising SFH and SFR=const disfavoured�
!from IR and emission line strength"

Sklias et al. (2013)"

« Normal » star-forming galaxies at z~1.5-3: �
a complete picture of their gas, dust, and stellar content �

 



« Normal » star-forming galaxies at z~1.5-3: �
a complete picture of their gas, dust, and stellar content �

 

Dessauges-Zavadsky et al. (2013)"



« Normal » star-forming galaxies at z~1.5-3: �
a complete picture of their gas, dust, and stellar content �

 

Dessauges-Zavadsky et al. (2013)"

SFE=LIR/LCO �

       ~ SFR/Mgas"

SFR-M*"



« Normal » star-forming galaxies at z~1.5-3: �
a complete picture of their gas, dust, and stellar content �

 

Dessauges-Zavadsky et al. (2013)"

Cf. Tacconi+ 2012 sample"
!

Molecular gas fraction fgas=Mgas/(Mgas+M*)"



« Normal » star-forming galaxies at z~1.5-3: �
a complete picture of their gas, dust, and stellar content �

 

Dessauges-Zavadsky et al. (2013)"

  Shorter gas depletion 
timescales at high-z"

Cf. Saintonge+ 2013"
"
"
Indicative of shorter SF 
timescales found also at 
z>3 from LBG studies �
(de Barros et al. 2012)"



 First hints on dust in « normal » z>5 galaxies with IRAM and ALMA"

TBD"

ALMA [CII]158μm and continuum observations of a bright z=6.56 
Lyman-α emitter: Ouchi et al. (2013) "



 First hints on dust in « normal » z>5 galaxies with IRAM and ALMA"

Lensed galaxies:"
-  z=4.9 MS1248arc: �

"Livermore+ 2012"
-  z=6.56 HCM6A: Boone+2007"
-  z=7 A1703: Schaerer+2014"
"
Blank fields:"
-  z=6.56 LAE Himiko: �

"Ouchi+2013"
-  z=6.96 LAE IOK-1: Walter+2012"
-  z=8.2 GRB090423: Walter+2012"

MAMBO-2 @30m, 1.2mm: σ=0.36 mJy, 4h on-source (Boone+2007)"
WIDEX@PdBI: "                   σcont~0.09-0.15 mJy/beam (Walter+2012, Schaerer+2014)"
GISMO@30m, 2mm: "     σcont=0.15 mJy (Schaerer+2014)"
"

IRAM dust continuum observations of a lensed 
z=6.56 Lyman-α emitter: Boone+ 2007!



 First hints on dust in « normal » z>5 galaxies with IRAM and ALMA"

Lensed galaxies:"
-  z=4.9 MS1248arc: Livermore+ 2012"
-  z=6.56 HCM6A: Boone+2007"
-  z=7 A1703: Schaerer+2014"
"
Blank fields:"
-  z=6.56 LAE Himiko: Ouchi+2013"
-  z=6.96 LAE IOK-1: Walter+2012"
-  z=8.2 GRB090423: Walter+2012"

Mean 
attenuation from 
IR/UV:"
Burgarella et al. 
(2013)"

LBGs: attenuation 
from SED fits �
Schaerer & de Barros 
(2013)"

Predicted LIR of 
~1400 LBGs 
from z~3.4 – 7 
(Schaerer+ 
2013) "



Conclusions 
•  Herschel Lensing survey (HLS) provides important base for multi-

wavelength studies of strongly lensed galaxies: 65 clusters covered, 
including CLASH and Hubble Frontier Field clusters"

•  Significant follow-up work done at IRAM. Thanks!"

Some science results:"
•  Detailed study of ISM @ z=5.2"
•  Candidate sub-mm galaxies found at z>6"
•  Complete picture of « normal » SF galaxies at z~1.5-3: �

"gas,  dust and stars�
" provides important constraints for galaxy �
"formation/evolution models"

•  First direct constraints on dust and attenuation in « normal » SF galaxies 
at z~5-7"

 Vast domain to be explored with IRAM (NOEMA, NikaII, EMIR)  �
and ALMA"


