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Level 1 Science Drivers 



Level 2 Science Cases 



Cold, Dense, Quiescent Gas: 
D-containing Species in Band 2 



Deuteration 

~

(Caselli & Ceccarelli 2012) 



Pre-Stellar Core 

(Caselli 2011) 



N2D+ J=1-0, 77.1 GHz 

N2H+ Velocity 
ALMA 
(Peretto et al. 2013)   



Evolution 
Low mass protostars 

Low & high mass protostars & cores 

Matias Lackington et al. MNRAS 2016;455:806-819 

M. Emprechtinger et al 2009 



(Kong et al. 2015) 

Evolution of Deuterium Species 

DNC/HNC 

N2D+/N2H+ 

(Fontani et al. 2014) 
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 Kong et al 2015 
Fiducial model 
F(CO)=10 
n=104 cm-3 

n=105 cm-3 

n=106 cm-3 
 

Time markers: 
5x104 y 
105 y 
2x105 y  
to 3.2x106 y 

Regions <few free-fall times old – Dynamically young 

F(CO)=100 



Applications of D Species 



Efficiency 
Band Number of Lines D Species Deuteration ratios 

2+3 5 2 DNC/HNC 

4 3 3 – 
5 2 0 – 
6 4 4 – 
7 4 2 – 

Species: HCN, HCO+, HNC, N2H+ 

               DCN, DCO+, DNC, N2D+ 

8 GHz 2SB 

16 GHz 2SB 

Band Number of Lines D Species Deuteration ratios 
2+3 8 4 DNC/HNC, N2D+/

N2H+ 
DCO+/HCO+ 
DCN/HCN 

4 3 3 – 
5 3 0 – 
6 4 4 – 
7 5 2 – 



Observing D Species 'Now' 



Observing D Species In The 
Future 

Band 2+3 uniquely rich in deuterium transitions. 



Extragalactic Science 



Redshift Searches 

Band 3 only: Desert 0.37<z<0.99, 1.74<z<2.0 

2 lines: 
Unambiguous redshifts 
 
1 line 

Coverage well 
matched to 
distribution of dusty 
galaxies. Implies 
increase success 
rate from ~70% to 
~100% I surveys 
compared to 50% for 
optical surveys. 

(Weiss et al 2013) 
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Running down the molecular 
reservoir 



Last quarter 

Peak of SFRD 

Cluster and environmental effects – Larger primary beam an advantage 



Tracing the dense gas 
Band 3 Band 2 



Requirements 
•  8+8 GHz 2SB system 

•  D species but adds additional tuning for redshift 
surveys 

•  Sensitivity 
•  30K (37K) over 80% of band 2 (band 3) 
•  Sufficient to image 10Mo 10K gas fD=0.01 (at 4kpc) in 

DCO+  J=1-0 with 1’’ resolution, dv=0.1 km/s in 3 hr 

 





Level 2 Science Cases 



Finding Protogalaxies 

SZ from ionised gas in haloes around 
protogalaxies (Massardi et al 2008) 

10’’ size scales 
1 microK signal 



Additional Science 

●  The ignition of massive stars 
–  Band 2 samples transition from optically thick to thin 
–  Ionised gas kinematics in recombination lines 
–  Band 2+3 cover most recombination lines of any 

ALMA band 



AS: From grains to rocks 

●  Band 2 long wavelength sweet spot to study 
grain growth minimizing contamination from 
free-free and spinning dust. 

●  Large fractional bandwidth to measure spectral 
index across band 



AS: Cold Complex Chemistry 

Jimenez-Serra et al. 2014 



AS: Glycine 

Jimenez-Serra et al. 2014 



More Additional Science 



Evolved Star Mixing 
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