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Preliminary results from an ALMA program 
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Measure(the(coldVgas(mass(frac2on(of(70(galaxies(that(today(have(a(stellar(
mass(log(M*)(=11.2,(but(observed(as(lowerVmass(progenitors(from(z=2(to(5.(

adopted(from(Papovich+(2011(



Atomic(hydrogen( ( (– (HI(21cm(line ( ( ( (Difficult/impossible(at(highVz(
Molecular(hydrogen( (– (CO(rota2onal(lines ( ( (Time(consuming/XVfactor(
Ionized(hydrogen( ( (– (Recombina2on(lines ( (Usually(small(mass(component(
Molecular+Atomic(ISM (– (Dust(con2nuum(emission (Metallicity/gasVtoVdust(ra2o(

Gas mass measurements: 
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Scoville+(2014( Scoville+(2015(
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•  Most(of(the(dust(mass(is(contained(in(a(cold(component(
(Dust(and(hea2ng(sources(distributed(in(a(similar(manner(as(in(lowVz(galaxies(
(with(Tdust(~(15V25K(

(
•  The(RaleighVJeans(part(of(the(dust(SED(is(op2cally(thin(

(Need(to(observe(at(longer(wavelengths(for(highest(redshifs(
(
•  GasVtoVdust(mass(ra2o(and(dust(opacity(coefficient(constant(

(Metallicity(must(be(in(the(range(0.2(–(~1(Solar(
(

•  Mgas(linearly(dependent(on(observed(flux(
(
•  Mgas(linearly(dependent(on(dust(temperature(

Assumptions behind using submm continuum as a proxy for ISM mass 



Basically(three(approaches(with(ALMA:(

Sample selection techniques 
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Blind(surveys(–(UDF,(Fron2er(Fields(
(Dunlop+(2016;(GonzálezVLópez+(2016)(

UDF( A2744(

FIR(selected(survey(–(COSMOS(
(Scoville+(2016,(2017;(Schinnerer+(2016)(

Stellar(mass(selected(survey(–(CANDELS/GOODSVS(
(Wiklind+(2017)(



log(M*/Mo)(=(11.2(((13.5)(

log(M*/Mo)(=(11.0(((13.0)(

log(M*/Mo)(=(10.8(((12.5)(

log(M*/Mo)(=(10.5(((12.0)(

log(M*/Mo)(=(10.0(((11.5)(
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Selecting galaxies using abundance 
matching (Behroozi+ 2013; Moster+ 2013) 



Selecting galaxies using abundance 
matching (Behroozi+ 2013; Moster+ 2013) 
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log(M*/Mo)(=(11.2(((13.5)(

log(M*/Mo)(=(11.0(((13.0)(

log(M*/Mo)(=(10.8(((12.5)(

log(M*/Mo)(=(10.5(((12.0)(

log(M*/Mo)(=(10.0(((11.5)(

70(targets(
(
20(at(z~2(
20(at(z~3(
20(at(z~4(
10(at(z~5(
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log(M*/Mo)(=(11.2(((13.5)(

log(M*/Mo)(=(11.0(((13.0)(

log(M*/Mo)(=(10.8(((12.5)(

log(M*/Mo)(=(10.5(((12.0)(

log(M*/Mo)(=(10.0(((11.5)(

70(targets(
(
20(at(z~2( (15/20(detected(
20(at(z~3( (10/20(detected(
20(at(z~4( (0/20(((detected(
10(at(z~5( (0/10(((detected(
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Stacked(images((20(for(z=4(sample(;(10(for(z=5(sample)(



 70(ALMA(targets(in(GOODSVS(
(
HPBW(=(19”(for(870µm(
HPBW(=(27”(for(1300µm(
(
Total(area(within(HPBWs:(
8.0(!�      
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z=2.08(

z=2.45(

z=1.86(

z=1.74(
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z=2.72(

Z=3.05(

Z=2.97(

Z=3.24(
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Gas fraction as a function of redshift 

fgas =
Mgas

Mgas +M*

Total(gas(frac2on(
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Gas fraction as a function of redshift 

fgas =
Mgas

Mgas +M*

Total(gas(frac2on(
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Predic2on(for(MS(galaxies(
(Sargent+(2014)(



Gas fraction as a function of redshift 

The(CMBR(temperature(affects(
the(observed(flux(in(two(ways:(
(
1.  The(effec2ve(dust(

temperature(increases(

2.  The(observed(flux(
decreases(

Once(the(dust(thermalize(with(
the(CMBR,(no(emission(can(be(
seen.(
(
The(effect(becomes(strong(for(
z≥4(and(for(colder(dust(
temperatures.(
(
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Adopted(from(da(Cunha+(2013(



Gas fraction as a function of redshift 
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Gas fraction as a function of redshift 
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Schinnerer+(2016(
Targe2ng(massive(star(forming(galaxies(at(z=3V4(



Detec2ons(
•  Low(Sersic(index(
•  High(ex2nc2on(

NonVdetec2ons(
•  High(Sersic(index(
•  Low(ex2nc2on(
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Sersic(index( Ex2nc2on(

Only(z=2(and(z=3(samples(

Sersic(index(from(van(der(Wel+(2012(
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Average properties of the sample 
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Summary 

•  Detec2on(rate(
•  ‘Binary’(detec2on(of(dust(emission(for(z=2V3((either(or)(
•  No(detec2ons(at(z>4(

•  The(median(gas(mass(frac2on(
•  ƒgas(=0.5(at(z=2(
•  ƒgas(=0.6(at(z=3(

•  This(follows(the(predicted(trend(based(on(a(2Vmode(SF(model((but(
with(a(large(dispersion)(

•  The(gas(mass(frac2on(at(z=4(and(z=5(is(less(than(predicted(
•  Metallicity(effects?(
•  Dust(proper2es?(

(


