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Introduction

● Faint and high-z sources
➔ Important sources for the cosmic reionization and the understanding of star 

formation in the early and faint universe
● Galaxy clusters provide high magnifications of large area of the sky

➔ Demands highly precise strong lens modeling
➔ Large spectroscopic sample of multiple images (model constraints)
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MACS J0416

HFF (ACS + WFC3)

Most well constrained SL model
Caminha+2017 A&A 600, A90

Constraints in the innermost regions
Caminha+2017 A&A 607, A93

MACS J1206

Cosmography with regular clusters
Caminha+2016 A&A 587, A80

Abell 1063
SL only

CMB

(Planck Y2)

See also Mahler+2017 MNRAS 473, 663 and Lagattuta+2017 MNRAS 469, 394 for other 
extensive MUSE observations of galaxy clusters
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MACS J0416

● Faint and high-z sources
➔ Important sources for the cosmic reionization and the understanding of star 

formation in the early and faint universe
● Galaxy clusters provide high magnifications of large area of the sky

➔ Demands highly precise strong lens modeling
➔ Large spectroscopic sample of multiple images (model constraints)

● Highly precise magnification maps can be achieved by combining deep MUSE 
spectroscopy in the core and high resolution photometric data HST.

● We can study in detail spectroscopic confirmed high-z sources
➔ Lyman-alpha blob behind Abell 1063

• Caminha+2016 A&A 595, A100 (z=3.11)
➔ Star forming objects behind MACS J0416

• Vanzella+2017 ApJ 842, 47 (z=3.22)
• Vanzella+2017 MNRAS 467, 4304 (z=6.15)

Introduction
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mapping to the source plane

High precision SL modelling
● Mass distribution
● Background source 

intrinsic properties

Deep MUSE spectroscopy in cluster fields

(P.I. Rosati)
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Deep MUSE spectroscopy in cluster fields

(P.I. Rosati)
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Lyman-alpha blob behind Abell S1063

One of the faintest Lyman-alpha blobs ever discovered (                                     ) 
associated to a protocluster at z=3.11, (         ). Powered by a star forming region in the centre.

➔ MUSE is leading to several serendipitous discoveries of Lyman-alpha halos (Patrício+2016)

source planeImage plane
Possible protocluster at z=3.11

critical line caustic

Caminha+2016 (A&A 595, A100)
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Lyman-alpha blob behind Abell S1063

One of the faintest Lyman-alpha blobs ever discovered (                                     ) 
associated to a protocluster at z=3.11, (         ). Powered by a star forming region in the centre.

➔ MUSE is leading to several serendipitous discoveries of Lyman-alpha halos (Patrício+2016)

Caminha+ 2016 (A&A 595, A100)

Lyα blue
C IV green
He II red

Line ratios indicate that the compact source is star forming 
instead of AGN

From the SED it is a dust-poor system with

Lyman-alpha blobs powered by star formation are common
(see Leclercq+2017 A&A 608, A8 in the MUSE UDF deep survey)
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Super star cluster behind MACS J0416
Highly magnified,                          and compact,                        objects at 
Vanzella+2017 ApJ 842, 47 (using SL model and data from Caminha+2017 A&A 600, A90)

ID 14

a

b
c

d

e

critical line

No Lyman-alpha emission arising from the compact sources

No evidence of outflows also from X-Shooter data
● Hβ and OIII 4959/5007
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G1

G2

G3

Super star cluster behind MACS J0416

MUSE pseudo image
(5130 - 5137) Å

Narrow Lyman-alpha emission ~ 2 kpc distance
Ultra-faint luminosity of                              , but strongly affected 
by magnification uncertainties

Likely to be fluorescence from ionizing radiation leaking from 
transverse direction

Other obs. angle would show ID as a Lyman-alpha emitter

Highly magnified,                          and compact,                        objects at 
Vanzella+2017 ApJ 842, 47 (using SL model and data from Caminha+2017 A&A 600, A90)
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Going out to z ≈ 6

First observational evidences of globular clusters in the first stages of their formation
● Physical properties in agreement with GC formation scenarios

Vanzella+2017 MNRAS 467, 4304: investigation of compact sources behind MACS J0416
● fainter and most compact source known at z~6:

Vanzella+2017 
MNRAS 467,4304
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Discussions

Combination of HST imaging and ground base spectroscopy of cluster lensing fields 
enables new avenues on high-z galaxies (and also cluster structure physics)

● Exploration of a low mass and luminosities at high-redshifts
➔ Physical information on low-mass galaxies that are important for the reionization of 

the Universe (Lya emission increase at lower stellar masses)
➔ Detailed characterization of sample of faint Lya emitters will provide insights on the 

physical process/mechanism responsible for the escaping of ionizing radiation.

NIRspec MIRI

JWST

HST FF

MUSE

Bruzual&Charlot (2003)
+ nebular emission
Schaere&de Barros (2009)

Spitzer
HAWKI Ks

Optical rest-frame 
spectroscopy of z > 6 
sources

OII Hα
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