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Cosmology(with(Maps(

•  In(clusters,(we(use(lensing(maps(to(
–  Reconstruct(the(DM(distribuQon,(find(and(characterize(DM(
structures((filaments,(suhalos,(DM(parQcle(detecQon,(
etc…)(

–  Infer(the(lensing(amplificaQon(and(study(the(primordial(
Universe((z>10(galaxies,(CIB,(etc)(

–  EsQmate(cosmological(parameters(with(SL(tomography(

•  We(use(wide(field(convergence(maps(to((
–  count(lensing(peaks(and(esQmate(cosmological(parameters(
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Lensing(modeling(strategies(
ObservaQonally(moQvated(models(

– DecomposiQon(into(halos(
– Simple(clusters(
– Few(constraints(
– Good(fit(with(few(constraints(

Grid?based(models(
– DecomposiQon(into(pixels(
– Complex(clusters(
– Lots(of(constraints(
– Be\er(fit(with(lots(of(constraints(
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Galaxy scale components model 
•  Large scale cluster component+galaxy 

halo components (stars+DM):  

 
•  Need to scale the galaxy halo 

components, for example for a PIEMD 
mass distribution: 

 

•  Hence: Constant M/L 

FP scaling 

Kneib et al 1996 
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Radial(Basis(FuncQon(Forward(fi]ng(

–  No(binning(of(the(shear(
– MulQ?scale((grid(model(of(the(
potenQal(with(RBF(instead(of(pixels(
Example(in(Jauzac(et(al.(2012:((

2741(RBF(with(s=5.5"(for(~100(gal/arcmin2(

–  OpQmizaQon(with(Bayesian(ML(and(
Gibbs(sampling((

– WL+photz(bayesian(error(propagaQon(
into(the(posterior(pdf(
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•  Agressive(binning(with(1(gal/pixel(
•  Discrete(cosine(decomposiQon(DTκ(of(the(convergence(κ map(

–  σ:(measured(error(of(the(shear(map(
–  M(.)(:(Masking(window(funcQon(
–  Pi:(K&S(lensing(kernel(convergence(to(shear(

FLens(
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•  IteraQve(inversion(and(minimizaQon(

•  Wavelet?decomposiQon(of(κ(maps(and(FDR(
denoising(method((Miller(et(al.(2001)(

•  Underlying(Hypothesis:(The(signal(is(
sparsely(distributed(among(noisy(pixels(

Pires et al. 2008 
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Challenge(Comparison(
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Jullo et al. 2013 
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HST(FronQer(Fields(
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For(each(cluster:(
!  70(orbits(with(ACS((F435W,(F606W,(F814W)(
!  70(orbits(with(WFC3((F105W,(F125W,(F140W,(F160W)(
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MACSJ0416 
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Jauzac(et(al.(2014,(MNRAS,(443,(1549(
Jauzac(et(al.(2015a,(MNRAS,(446,(4132(



Substructures(DetecQon(
A(Mixed(parametric(and(freeJform(model(

Joint(SL+WL(fit(for(grid?based(model(
doesn’t(work(yet(

(
(

"(Proposed(2(step(soluQon(
1.  ReconstrucQon(with(SL(data(and(

parametric(model(

2.  WL(reconstrucQon(with(fixed(
parametric(model(and(freeJform(

grid(model(
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Structure(detecQons(in(MACS0416(
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S2(
M(=(1.46±0.20(1013(Msun(

S1(
M(=(4.22±0.56(1013(Msun(

DetecQon((
of(substructures(

Evidence of  
pre-merger 
scenario A 

Jauzac(et(al.(2015a(

SL+WL Mass 
X-ray 
Light 

X2(

X1(
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Abell%2744%

Jauzac et al. 2015b 
 

159 multiple images 
51 lensed galaxies 

Abell 2744 
The 2nd most 
constrained 

galaxy cluster 
to date 
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WH(Filaments(in(Abell(2744(
•  110(ksec(XMM(observaQons(

out(to(4(Mpc/h70(
•  Lensing(observaQons:(

–  WFI((BVR)(34’x34’(
–  Megacam((i’)(60’x60’((

"(37gal/arcmin2(total(

–  ACS((F814W)(3’x3’((
"SL(+(WL((Jauzac(et(al.(in(prep)(
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Eckert(et(al.(2015,(Nature(

Region T [106K] Mgas* Mtot* 

E 15±2 3.8±0.6 79±28 

S 16±2 7.1±0.8 95±24 

SW 8±3 2.0±0.4 48±17 

NW1 25±4 5.7±0.3 95±27 

NW2 19±2 19±1 120±30 

* in 1012 M⊙/h70  



Filament(detecQon(in(MACS0717(
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HST WL 52 gal/arcmin2 

Jauzac(et(al.(2012(
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Filament(analysis(with(maps(
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!  Select regions of interest in MACS0717 ! Compare gaz and stellar fraction 

2nd halo-term 

6Mpc/h  
~ 20’@z=0.54 
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MACS%0717:%How%Well%Can%the%Mass/Ampli%be%Constrained%?%
Limousin(et(al.(2016(
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•  Pre?HFF(images(
•  Post?HFF(New(images(

Post-HFF: 
165 multiple images 

61 lensed galaxies 

Pre-HFF: 
48 multiple images  



Dark%MaCer%DistribuEon%:%Shallow%or%Peaked%?%

AddiQonal(SystemaQc(Uncertainty:((
"(Reliable(Area(on(the(AmplificaQon(Map(decreased(by(50?70(%(

Total(Mass( DM(only( Galaxies(
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•  The(mass(funcQon(is(derived(from(the(cluster(members(lens(modeling(
•  The(Qme(scale(for(mass(loss(is(simulated(with(MOKA((Giocoli(et(al.(2012)(
(
"(The(cored?model(iniMal(collapse(redshiN(seems(more(realisQc((zm(=(1.97)(

MACS0717(iniQal(merging(redshiq(
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AmplificaQon(maps(for(high?z(galaxies(

•  CombinaQon(of(3(HST(FF(clusters(
and(parallel(fields(

•  Fluxes(are(corrected(from(local(
amplificaQon(obtained(from(maps(

"(While( the(survey(area( is( smaller( in(
cluster( fields,( the( magnificaQon( bias(
allows(the(detecQon(of(fainter(galaxies(
than(in(the(parallel(fields(
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Atek(et(al.(2015(

UV(luminosity(funcQon(at(z(~(7(



CIB(and(amplificaQon(maps(
The( amplitude( of( the( central( deficit( is( a(
strong( funcQon(of( the(surface(density(and(
flux(distribuQon(of(the(background(sources((
(
Measurements(with(HERSCHEL/SPIRE((over(
4( cluster( patches( of( 0.25( sq.( deg.( to(
characterize(the(CIB(
(
"(Total(CIB(at(I250um(>(0.69±0.14(MJy.sr?1(
(

(
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Zemcov(et(al.(2013(
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Axion(search(in(galaxy(clusters(

•  Thermally(produced(axion(can(account(for(a(
fracQon(of(the(DM(content(

•  The(2?photon(coupling(of(axions(can(result(in(an(
emission(line(in(galaxies(and(clusters((Ressell(et(
al.(1991(and(Bershady(et(al.(1991)(

•  Search(for(axion(emission(lines(in(IFU(data(of(2(
clusters(Abell(2390(and(Abell(2667(

•  Use(strong(lensing(to(reconstruct(the(mass(
distribuQon,(and(derive(constraints(on(the(2?
photon(coupling(of(the(axions(
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Grin(et(al.(2007(

Σ12 



Cosmography(with(SL(
Strong(lensing(depends(on(both(cluster(
mass(and(distances(
(
(
(
(
(

24 

mass(Cosmology(

" The cosmological 
constraints depend on the 
redshift of the 
background sources 

z 

z 
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Jullo(et(al.(2010,(Science(

•  Mass(model(with(3(PIEMD(potenQals;(58(cluster(galaxies;(flat(Universe(
•  28(mulQple(images(from(12(sources(with(spec(z(
•  Bayesian(opQmizaQon:(32(constraints,(21(free(parameters(
•  RMS%=%0.6%arcsec(

Cosmography(with(Abell(1689(
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AlternaQve(DE(models(

1.  CPL(model(

2.  InteracQng(DE(model(

3.  Holographic(DE(model(

4.  Polytropic(Cardassian(DE(model(

26(

Magaña(et(al.(2015(
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StaQsQcal(vs(SystemaQc(errors(

We(use(ARES(STSci(HFF(simulaQon(to(invesQgate(improvement(on(errors(
•  StaQsQcal(errors(decrease(unQl(Nimages(<(50(

•  SystemaQc(errors(dominate(at(Nimages(>(50(
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Acebron(et(al.(in(prep.(
ARES(



The(FF(Lens(Modelling(Comparison(Project(

Parametric(methods(perform(well(!((Meneghe&'et'al.)(
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Impact(of(distance(structures(
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125" Input map 

Reconstruction v2 ARES Reconstruction v1 

" Distance structures can 
significantly perturb the fit  

" (see also previous analysis in 
Abell 1689, Tu et al. 2008) 
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SL(region(

Reconstruction v1 

Chi2 = 547 
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CS82 

CS82:CFHT Stripe 82 Survey  
 - i-band imaging survey 
 - SDSS Stripe 82 region 
 - Shape measurement: lensfit 

 
Shan et al. 2014 



  
CS82:%Mass%Mapping%&%Cosmology%

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Weak(Lensing(Peak(StaQsQcs 
 
 
 
 
 
 
 
 
 
 
 
 
 

Liu et al. 2015 
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DECaLS:(DECam(Legacy(Survey(
•  DECaLS((PIs:(Schlegel(&(Dey)(
•  Image(SDSS(footprint(

–  Total(area:(~6700(sq.(deg(
–  3(bands:(g,(r,(z(
–  ~1?2(mag(deeper(than(SDSS'(g~24.7,(r~23.9,(z~23.0)'
–  Overlapping(with(the(BOSS/eBOSS(project'

DECaLS DECaLS 



Preliminary(Results
hCp://test.legacysurvey.org/decalsQdr1j(
(

•  DECaLS%DR1:%
–  WL(maps:(550(sq.(deg(
–  About(10(gal/arcmin2(

–  mean(redshiq:(z~0.9Q1.0%
–  ~7000%peaks(with(SNR>3.0(

•  Massive(cluster(candidates(
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Preliminary(Results(

•  DECaLS%DR1:(
–  WL(maps:(550(sq.(deg(
–  About(10(gal/arcmin2(

–  mean(redshiq:(z~0.9Q1.0%
–  ~7000(peaks(with(SNR>3.0(

•  Massive(cluster(candidates(
•  WL(peak(counts(
•  EsQmaQon(of(the(selecQon(

funcQon(with(MulQdarkLens(
simulaQons((Giocoli(et(al.(
2015)(

34 

Shan(et(al.(in(prep.(
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Conclusion(
•  So(far,(strong(lensing(only(work(with(maps(

•  Maps(are(essenQal(to(correlate(with(other(datasets,(and(
perform(mulQwavelength(studies(

"(Lensing(maps(are(criQcal(for(astrophysics(

•  Maps(also(can(miQgate(the(impact(of(systemaQc(errors(by(
properly(taking(care(of(the(perturbers(in(the(reconstrucQon(

(

•  On(wide(fields,(peak(counQng(and(high(order(staQsQcs(from(
maps(put(stringent(constraints(on(cosmological(parameters(
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