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Report on the JENAM 2008 Meeting Symposium  

Science with the E-ELT

Guy Monnet

ESO

The symposium �Science with the 

E-ELT� was held at the Joint European 

and National Astronomy Meeting 

(JENAM) 2008 meeting. It featured pres-

entations on the development of a  

comprehensive E-ELT science case and 

how it is driving the detailed design of 

the facility, followed by talks addressing 

topical observational domains in which 

WKH�(�(/7�VKRXOG�KDYH�D�PDMRU�VFLHQWL:F�

impact. All presentations can be 

ac cessed at http://www.eso.org/sci/

facilities/eelt/science/meeting/jenam08/

EELT_JENAM08_Programme.pdf.

The European Extremely Large Telescope 
(E-ELT) project is presently in the midst  
of its three-year (2007�2009) detailed 
/G@RD�!�CDRHFM�OG@RD�3GHR�DEENQS�BNUDQR�
the whole observing facility (infrastructure, 
enclosure, telescope) including feasi bility 
studies within the ESO community for 
focal instruments and adaptive optics 
LNCTKDR��RDD�2OXQNLHKHN�DS�@K��������ENQ�
CDS@HKR��3GHR�OG@RD�VHKK�AD�BNMBKTCDC�VHSG�
a number of internal and external reviews 
HM�SGD�jQRS�RDLDRSDQ�NE������3GD�OQN ��
posal for a decision on the subsequent 
construction phase is planned to be pre-
RDMSDC�SN�SGD�$2.�"NTMBHK�HM�)TMD�����

By mid-2008, the time was just ripe for 
this Symposium to discuss and assess 
the main science goals for this major ob -
RDQUHMF�E@BHKHSX�)$- ,�������@R�@�F@SG -
DQHMF�NE�@�RHFMHjB@MS�EQ@BSHNM�NE�$TQNOD@M�
@RSQNMNLDQR��V@R�@�jSSHMF�KNB@SHNM�ENQ�
such an event and we are grateful to its 
organisers for their offer and continuous 
RTOONQS�HM�NQF@MHRHMF�SGD�LDDSHMF�.TQ�
prime goals were to inform the commu-
MHSX�NE�SGD�RBHDMSHjB�ODQRODBSHUDR�NODMDC�
up by such a facility and to elicit its feed-
A@BJ�NM�SGD�RBHDMBD�FN@KR�@MC�QDPTHQD -
LDMSR��VHSG�SGD�@HL�NE�L@JHMF�SGD�$�$+3�
@�ONVDQETK�RBHDMSHjB�SNNK�ENQ�$TQNOD@M�
@RSQNMNLX�HM�SGD�BNLHMF�CDB@CDR

The event

The 2008 JENAM was held on 8�12 Sep-
tember 2008 at the University of Vienna, 
 TRSQH@�3GD�TMHEXHMF�SGDLD�NE�SGHR�XD@Q�R�

meeting was to explore �New Challenges 
SN�$TQNOD@M� RSQNMNLXt�0THSD�M@STQ@KKX�
VHSGHM�SGHR�EQ@LDVNQJ��$2.�@MC�.OSHBNM�
jointly organised one of the nine JENAM 
2008 symposia, namely Symposium #1 
NM�f2BHDMBD�VHSG�SGD�$�$+3t�3GD�2XLON -
sium was conducted in three sessions, 
on the afternoons of 8 and 9 September, 
@MC�HM�SGD�LNQMHMF�NE����2DOSDLADQ�
Despite heavy competition from other 
topical Symposia being held in parallel, 
attendance was good, with close to a 
GTMCQDC�O@QSHBHO@MSR

A total of 22 presentations were delivered 
@S�SGD�2XLONRHTL�2HW�@CCQDRRDC�SGD�
project status, and the remaining 16 its 
RBHDMSHjB�ONSDMSH@K��DHSGDQ�BNUDQHMF�@�RBH -
ence domain and the potential impact  
of the E-ELT when equipped with suitable 
instrumentation, or alternatively focusing 
on one instrument presently under study 
@MC�BNUDQHMF�HSR�LNRS�HLONQS@MS�RBHDMSHjB�
TRDR�(M�SG@S�V@X��LNRS�RBHDMSHjB�@RODBSR�
relevant to the E-ELT were covered in 
CDOSG� KK�OQDRDMS@SHNMR�B@M�AD�@BBDRRDC�
on the web (http://www.eso.org/sci/ 

facilities/eelt/science/meeting/jenam08/

EELT_JENAM08_Programme.pdf ��'DQD�
follows a short summary in session 
number order covering the scope and 
L@HM�BNMBKTRHNMR�NE�SGD�OQDRDMS@SHNMR

Session #1: E-ELT programme

1NADQSN�&HKLNYYH��$2.���SGD�$�$+3�/QHMBH -
O@K�(MUDRSHF@SNQ��OQDRDMSDC�SGD�RS@STR� 
NE�SGD�OQDRDMS�CDS@HKDC�CDRHFM��/G@RD�!��
NE�SGD�E@BHKHSX�'D�jQRS�@CCQDRRDC�@KK�$+3�
projects worldwide in the global context 
of planned space- and ground-based 
K@QFD�E@BHKHSHDR�3GHR�V@R�ENKKNVDC�VHSG�@�
summary status of the main aspects of 
the present project (site characterisation, 
infrastructure, enclosure, telescope 
mount, optics, control, maintenance and 
NODQ@SHNMR��'D�SGDM�CHRBTRRDC�SGD�LNRS�
critical science drivers for the E-ELT  
(exoplanets, stellar archaeology, cosmol-
NFX�@MC�SGD�TMJMNVM��@MC�SGD�BNQQD -
sponding tech nical challenges, in particu-
lar how to achieve superb image quality, 
down to the diffraction-limit of the 42 m 
aperture of the telescope, through wind 
and at  mospheric turbulence correction, 
based on adaptive optics (AO), over the 
ETKK�VNQJHMF�jDKC�NE�SGD�E@BHKHSX

The status of the Design Reference Mis-
RHNM��#1,��V@R�OQDRDMSDC�AX�(RNADK�
'NNJ��.WENQC�4MHUDQRHSX���VGN�HR�QDRONM -
RHAKD�ENQ�SGD�#1,�3GHR�CDUDKNOLDMS�HR�
driven by the Opticon�ESO Science 
6NQJHMF�&QNTO��26&��VHSG�SGD�GDKO�NE�
SGD�BNLLTMHSX�3GD�FN@K�HR�SN�OQNCTBD�@�
set of science proposals, with accompa-
nying simulations of the observing results 
S@JHMF�HMSN�@BBNTMS�SGD�VGNKD�E@BHKHSX��
including adaptive optics systems and 
instrumentation, leading to a quantitative 
assessment of the expected science  
NTSOTS�3GHR�RHFMHjB@MS�DEENQS��BNUDQHMF�
nine prominent science cases, involves a 
total of 17 proposals to be analysed in 
depth and four cases are well advanced 
@S�SGHR�SHLD�/QDKHLHM@QX�BNMBKTRHNMR�ONHMS�
to a broad E-ELT science case with such 
highlights as direct detection of super-
Earths, watching galaxies form, real-time 
observation of the accelerating Universe, 
plus a strong discovery potential for new 
RBHDMBD�#DS@HKR�NM�SGD�#1,�B@M�AD�
found at http://www.eso.org/sci/facilities/

eelt/science/.

,@QJTR�*HRRKDQ�/@SHF��$2.���$�$+3�/QNIDBS�
Scientist, showed how the science 
QDPTHQDLDMSR�@QD�CQHUHMF�SGD�OQNIDBS�3GHR�
started as a generic process, with the 
publication of the 2005 Opticon�ELT sci-
DMBD�B@RDR��'NNJ���������@MC�SGD�  
.OSHBNMl$2.�26&�SGDM�ENBTRDC�NM�SGD�

Figure 1.�/NRSDQ�ENQ�SGD�2BHDMBD�VHSG�SGD�$�$+3�2XL -
ONRHTL
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$�$+3�3GD�QDRTKSHMF�QDONQS�NM�SGD�RBH -
ence case and requirements released in 
May 2006 established, in particular, the 
need for a multi-purpose facility with a 
K@QFD�jDKC�NE�UHDV�@MC�@�ATHKS�HM�@C@OSHUD�
NOSHBR�B@O@AHKHSX�3GD�26&�HR�MNV�KD@C -
ing the project Design Reference Mission 
�RDD�OQDUHNTR�OQDRDMS@SHNM�CDRBQHOSHNM��
3GD�$2.�$�$+3�2BHDMBD�.EjBD�HR�HM�
charge of injecting the science require-
LDMSR�@RRDLAKDC�AX�SGD�26&�@MC� 
the ten instrument science teams into the 
CDRHFM�OG@RD�3N�DMK@QFD�SGD�$�$+3�RBH -
DMSHjB�A@RD��SGD�BNLLTMHSX�HR�OQDRDMSKX�
ADHMF�@RJDC�SN�GDKO�ATHKC�@�#DRHFM�1DEDQ -
DMBD�2BHDMBD�/K@M��#12/��AX�OQNUHCHMF�
additional science cases through a web 
interface at http://www.eso.org/sci/ 

facilities/eelt/science/drsp�

,@QJ�"@R@KH��NM�ADG@KE�NE�2@MCQN�
D�Odorico, who is responsible for the ESO 
E-ELT instrumentation, covered the sta-
tus of the current instrumentation feasibil-
HSX�RSTCHDR�$HFGS�HMRSQTLDMSR�@MC�SVN�
post-focal adaptive optics modules  
@QD�OQDRDMSKX�ADHMF�RSTCHDC�AX����QDRD@QBG� 
institutes across Europe with the goal  
of delivering full science cases, detailed 
instrument requirements (including tele-
scope/observatory interfaces), consistent 
and feasible concepts, costs and con-
RSQTBSHNM�RBGDCTKDR�3GD�BNLOKDSD�KHRS�NE�
studies is given in Table 1 of Spyromilio  
DS�@K�������3GHR�GTFD�BNLLTMHSX�DEENQS�
HR�NM�SQ@BJ�SN�OQNUHCD��AX�SGD�jQRS�PT@QSDQ�
NE�������SGNQNTFGKX�RSTCHDC��RBHDMSHjB@KKX�
powerful and technically feasible options 
ENQ�SGD�$�$+3�jQRS�FDMDQ@SHNM�HMRSQTLDM -
tation, which form an essential input for 
the mid-2010 evaluation process and 
@MSHBHO@SDC�CDBHRHNM�SN�ATHKC�SGD�E@BHKHSX

Finally, Florian Kerber (ESO), E-ELT Cali-
bration Scientist, described the objectives 
and methods pursued by ESO, with the 
help of external partners, to ensure that all 
E-ELT instrument observational data will 
be properly calibrated and that adequate 
pipelines will be available to transform raw 
data into measurable and accurate quan-
SHSHDR�DWOQDRRDC�HM�OGXRHB@K�TMHSR�'D�
stressed the importance of physical mod-
elling of the instruments to minimise the 
statistical and systematic uncertainties 
@RRNBH@SDC�VHSG�SGD�LD@RTQHMF�OQNBDRR�  
(S�HR�DPT@KKX�HLONQS@MS�SN�ATHKC�@�RDS�NE�B@KH �
bration reference data such as accurately 
JMNVM�V@UDKDMFSG�B@KHAQ@SNQR�@MC�E@HMS�

spectrophotometric standards, especially 
ENQ�SGD�MD@Q�HMEQ@QDC��MD@Q�(1�

2DRRHNM�n���/K@MDS@QX�RXRSDLR�@MC�RSDKK@Q�
formation

3GD�RBHDMBD�B@RD�ENQ�$/("2��SGD�$�$+3�
OK@MDS�jMCDQ��V@R�OTS�ENQV@QC�AX�,@QJTR�
*@RODQ��$2.��@MC�1@E@DKD�&Q@SSNM��(- %l
. /��(S@KX��NM�ADG@KE�NE�SGD�BNMRNQSHTL�
The fundamental characteristics of the 
HMRSQTLDMS�VDQD�AQHDkX�CHRBTRRDC�@R�VDKK�
as the hardware, software and observa-
tional strategies envisioned to achieve the 
DWSQDLD�BNMSQ@RS�QDPTHQDC�SN�L@JD�K@QFD�
RBHDMSHjB�HMQN@CR�HMSN�SGD�GHFGKX�BNLODSH -
SHUD�jDKC�NE�DWNOK@MDS�CHQDBS�CDSDBSHNM�
$/("2�HR�@�MD@Q�(1��DWSQDLD�BNMSQ@RS��

spectral and polarimetric imager with the 
potential to detect a substantial number 
of self-luminous exoplanets, especially 
around hundreds of young stars, and 
including nearby giant planets down to 
the mass of Neptune, as well as dozens 
NE�MD@QAX�QNBJX�OK@MDSR�3GD�OQDRDMS�  
feasibility study, including the instrument 
development plan, should be concluded 
AX�D@QKX�����

Figure 2. An artist�s impression of the E-ELT during 
NARDQU@SHNMR

Figure 3. An artist�s rendering of the three-planet 
RXRSDL�@QNTMC�&KHDRD������@R�ENTMC�EQNL�GHFGKX� 
precise radial velocity measurements with the ESO  
���L�' 1/2�RODBSQNFQ@OG
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'@MR�9HMMDBJDQ�� (/l/NSRC@L��&DQL@MX��
VHSG�%DQM@MCN�"NLDQNM��$2.��@MC�,@QJ�
McCaughrean (Exeter University, UK) 
covered infrared investigations of massive 
star formation with the E-ELT through  
diffraction-limited imaging and three-
CHLDMRHNM@K����#��RODBSQNRBNOX�.ARDQU -
ing in the K-band and beyond up to  
12 µm is essential to observe the early 
stages of cluster formation, penetrating 
as much as 200 magnitudes of visual 
DWSHMBSHNM� �BNLAHM@SHNM�NE�GHFG�CDjMH -
tion imaging, astrometry and spatially 
resolved radial velocities is required to 
probe these extremely active dynamical 
OG@RDR� R�@�BNLOKDLDMS�SN�NARDQU@ -
tions from the Atacama Large Millimeter/
submillimeter Array (ALMA), the E-ELT 
has the potential to provide clear scien-
SHjB�AQD@JSGQNTFGR�HM�SGD�jDKC�NE�L@RRHUD�
RS@Q�ENQL@SHNM�HM�CDMRD�DMUHQNMLDMSR

2DRRHNM�n���3GD�RSDKK@Q�BNLONMDMS

1@E@DK�1DANKN��( "��3DMDQHED��2O@HM��
showed the �unique and fascinating� 
impact of the E-ELT on the understanding 
of the origin and evolution of stars and 
OK@MDSR�3GD�L@HM�QDRD@QBG�SGQTRS�@HLR�
at: determining the initial stellar mass 
function, including multiplicity; studying 
protoplanetary systems; establishing  
exoplanet demography and characteris-
HMF�SGDHQ�FKNA@K�OGXRHB@K�OQNODQSHDR�3GD�
E-ELT will also be a powerful tool for 
investigating a large variety of objects 
(planets, moons and comets) in our Solar 
2XRSDL� KK�SGDRD�OQNFQ@LLDR�VHKK�
require: (a) ultra-stable high resolution 
RODBSQNRBNOX�HM�SGD�NOSHB@K��SGD�".#$7�
HMRSQTLDMS��@MC�MD@Q�(1��2(,/+$�HMRSQT -
ment) wavelength domains for indirect 
detection of companions and planets; 
and (b) a fully AO-equipped ELT providing 
1�20 µm imaging and spectroscopy at 
high angular resolution and high contrast 
�SN�AD�OQNUHCDC�AX�SGD�$/("2��' 1,.-(�
@MC�,$3(2�HMRSQTLDMSR��ENQ�CHQDBS�OK@MDS�
CDSDBSHNM�@MC�OGXRHB@K�@RRDRRLDMS

$QMDRSN�.KHU@��(- %l QBDSQH��(S@KX��OQD -
sented the status of the study of the 
$�$+3�GHFG�RODBSQ@K�QDRNKTSHNM��MD@Q�(1�
CHEEQ@BSHNM�KHLHSDC�RODBSQNFQ@OG��2(,/+$��
on behalf of a recently assembled con-
RNQSHTL�3GD�OQNIDBS�ED@STQDR�@�VHCD�
V@UDKDMFSG�BNUDQ@FD����l���§L���GHFG�

DEjBHDMBX�@MC�Q@CH@K�UDKNBHSX�@BBTQ@BX��
with a minimum 105�RODBSQ@K�QDRNKTSHNM�
He emphasised the unique science within 
reach with such an instrument, including 
JHMDL@SHBR�@MC�LDS@K�BNMSDMS�NE�+XL@M� A 
absorbers, early chemical nucleo-synthe-
sis and chemical enrichment in the inner 
&@K@WX��RODBSQN�@RSQNLDSQX�NE�HMMDQ�RSDK -
lar discs within ~ 1 AU, and detection of 
atmospheric absorption features of Earth-
KHJD�OK@MDSR�@QNTMC�KNV�L@RR�RS@QR�EQNL�
SQ@MRHS�NARDQU@SHNMR�

-NQADQS�/QYXAHKK@��2SDQMV@QSD�!@LADQF��
&DQL@MX��@CCQDRRDC�SGD�QNKD�NE�AKTD�
RTODQFH@MSR��!2&R��@R�SQ@BDQR�ENQ�SGD�
BNRLHB�BXBKD�NE�L@SSDQ�!2&R�DLDQFD�@R�
powerful tools for studying: (a) stellar 
atmosphere physics; (b) metallicity effects 
on stellar evolution; (c) abundance gradi-
DMSR�HM�jDKC��FQNTO�@MC�BKTRSDQ�F@K@WHDR��
@MC��C��SGD�BNRLHB�CHRS@MBD�RB@KD�0T@M �
SHS@SHUD�RSTCHDR�NE�DWSQ@F@K@BSHB�!2&R�VHSG�
@M�$+3�QDPTHQD�CHEEQ@BSHNM�KHLHSDC��MD@Q�(1�
RODBSQ@�@S�HMSDQLDCH@SD�QDRNKTSHNM�3GD�
role of the VLT�s Cryogenic high-Resolu-
SHNM�(MEQ@QDC�$BGDKKD�2ODBSQNFQ@OG�
�"1(1$2��@R�@�OQDO@Q@SNQX�SNNK�ENQ�$+3�
RBHDMBD��SGQNTFG�NARDQU@SHNMR�NE�&@K@BSHB�
!2&R�HM�NQCDQ�SN�SDRS�RSDKK@Q�@SLNROGDQD�
models and analysis methodology, was 
RSQNMFKX�DLOG@RHRDC

,@QH@�%DQM@MC@�-HDU@��,/ ��&@QBGHMF��
&DQL@MX��@MC�BNKK@ANQ@SNQR�L@CD�SGD�
B@RD�ENQ�MD@Q�(1�GHFG�QDRNKTSHNM�RODB �
SQNRBNOX�NE�.!�RS@QR�VHSG�"1(1$2�@S�SGD�
VLT as a pilot study for an ELT science 
B@RD�3GDHQ�@HL�HR�SN�CDSDQLHMD�@BBTQ@SD�
atmospheric parameters and chemical 
@ATMC@MBDR�NE�&@K@BSHB�.!�RS@QR�EQNL�

HCDMSHjB@SHNM�NE�LDS@K�KHMDR�VHSG�"1(1$2�
SN�BNLO@QD�VHSG�NOSHB@K�C@S@�!DXNMC�
obtaining more accurate models, a very 
useful by-product of these observations 
will be the establishment of a set of tellu-
QHB�KHMD�RS@MC@QCR�#HQDBS�@OOKHB@SHNM�SN�@M�
ELT includes high precision determination 
of the chemical composition of massive 
RS@QR�HM�SGD�+NB@K�&QNTO�HM�CHUDQRD�DMUH -
QNMLDMSR��RS@Q�ENQL@SHNM�QDFHNMR��jDKC�
RS@QR��SGD�&@K@BSHB�"DMSQD��DSB�

Chris Evans (UKATC, UK) presented the 
case for spectroscopy of stellar popula-
SHNMR�VHSG�$ &+$��@�MD@Q�(1�RODBSQNFQ@OG�
VHSG�CDOKNX@AKD�HMSDFQ@K�jDKC�TMHSR��BTQ -
QDMSKX�TMCDQ�OG@RD� �RSTCX�ENQ�SGD�$�$+3�
The stellar science case spans spectro-
scopic studies of obscured stellar clusters 
and resolved stellar populations in and 
ADXNMC�SGD�+NB@K�&QNTO��F@K@WX�@QBG@DNK -
ogy), including the central regions of our 
&@K@WX�3GD�OQHL@QX�HMRSQTLDMS�QDPTHQD -
ments imposed by the stellar cases are 
the inclusion of a high (R ~ 10 000) spec-
tral-resolving-power mode, and the 
extension of the wavelength coverage 
bluewards of 1 µm to include the calcium 
SQHOKDS�QDFHNM�3GD�TMOQDBDCDMSDC�OQHL@QX�
aperture of the E-ELT, combined with a 
K@QFD�O@SQNK�jDKC��LNCDRS�LTKSHOKDWHMF�@MC�
excellent AO correction, will yield huge 
F@HMR�HM�RDMRHSHUHSX�@MC�DEjBHDMBX�NUDQ�BTQ -
rent facilities, leading to unique advances 
HM�RSTCHDR�NE�RSDKK@Q�ONOTK@SHNMR

3DKDRBNODR�@MC�(MRSQTLDMS@SHNM ,NMMDS�&��1DONQS�NM�SGD�)$- ,������2XLONRHTL�2BHDMBD�VHSG�SGD�$�$+3

Figure 4.�-D@Q�(1�HL@FDR�NE�SGD�&@K@BSHB�RS@QATQRS�
QDFHNM�-&"������@S�SGD�5+3�+DES����t�RDDHMF�KHLHSDC�
J, H, Ks�BNLONRHSD�HL@FD�S@JDM�VHSG�(2  "�1HFGS��
Diffraction-limited K-band image obtained with the 
, #�@C@OSHUD�NOSHBR�CDLNMRSQ@SNQ
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&HTRDOOD�!NMN��(- %l. 1��(S@KX��@MC� 
collaborators presented recent results on 
BQNVCDC�RSDKK@Q�OGNSNLDSQX�HM�&@K@BSHB�
globular clusters with the VLT�s Multi- 
conjugate Adaptive optics (MCAO) Dem-
NMRSQ@SNQ��, #��#DDO� J and Ks images of 
-&"������VDQD�NAS@HMDC�NUDQ�SGD����W����
jDKC�VHSG�@�RO@SH@K�QDRNKTSHNM��ETKK�VHCSG�@S�
G@KE�L@WHLTL��NE���l����LHKKH@QBRDBNMCR�
2HLTKS@MDNTR�QDCTBSHNM�NE�SGDRD�MD@Q�(1�
images and Hubble Space Telescope 
(HST) optical images were performed with 
fBK@RRHB@Kt�QDCTBSHNM�O@BJ@FDR�3GHR�F@UD�
a precise Colour Magnitude Diagram 
(CMD) down to 2 magnitudes below the 
L@HM�RDPTDMBD�STQMNEE�2S@QR�CNVM�SN� 
���,��G@UD�ADDM�CDSDBSDC�HM�SGD�&@K@B -
SHB�RS@QATRS�-&"������EQNL� Ks-band im -
@FDR�3GD�CHRBNUDQX�RO@BD�VHSG�@M�$�$+3�
KNNJR�VHCD�NODM��OQNUHCDC�DWSDMRHUD�
J-H-K calibrations down to ~ 19 magni-
tude are obtained (see report on presen-
tation by Kerber, above) together with a 
vigorous effort to improve theoretical 
LNCDKR�@MC�RSDKK@Q�CH@FMNRSHBR

/@NKN�"HKHDFH��(- %l. !��(S@KX��OQDRDMSDC�
the Multi-conjugate Adaptive Optics 
RelaY (MAORY) for the E-ELT on behalf of 
SGD�BNMRNQSHTL�'HFG�RXRSDL�ODQENQL -
ance, in particular in terms of differential 
photometric precision and relative astro-
metric accuracy, is required to enable 
prominent E-ELT science cases, such as 
deep CMDs of resolved stellar popula-
tions (see report on previous presenta-
SHNM���HM�BNMITMBSHNM�VHSG�SGD�MD@Q�(1�
,(" #.�HL@FDQ��RDD�MDWS�QDONQSDC�OQDR -
DMS@SHNM���SN�AD�@BGHDUDC�3GDRD�SVN�  
critical performance requirements are 
being evaluated by the MAORY consor-
SHTL�VHSG�RHLTK@SDC��jDKC�U@QH@AKD�ONHMS�
spread func  tions and simulated globular 
BKTRSDQ�HL@FDR�%HM@K�BNMBKTRHNMR�@QD�
DWODBSDC�AX�SGD�DMC�NE�����

The science case for the E-ELT MCAO 
(L@FHMF�"@LDQ@�ENQ�#DDO�.ARDQU@SHNMR�
�,(" #.���V@R�OQDRDMSDC�AX�1DM@SN�
%@KNLN��(- %l. /��(S@KX��NM�ADG@KE�NE�SGD�
BNMRNQSHTL� M�@CU@MBDC�DWONRTQD�SHLD�
calculator produces realistic simulated 
RJX�HL@FDR�NM�VGHBG�C@S@�@M@KXRHR�@KFN -
QHSGLR�@QD�SDRSDC�2BHDMBD�B@RDR�BNUDQ�@�
rather wide range, from stellar dynamics 
@QNTMC�SGD�&@K@BSHB�"DMSQD��SGQNTFG� 
100 microarcseconds astrometry, to pho-
SNLDSQHB�DUHCDMBD�ENQ�RTODQL@RRHUD�AK@BJ�
holes in the centres of galaxies and the 

physical structure of high redshift galax-
HDR�3VN�B@RDR�VDQD�OQDRDMSDC�HM�CDS@HK� 
HM�SGD�S@KJ��M@LDKX�QDRNKUDC�RSDKK@Q�ONOT -
lations in galaxies up to the Virgo clus- 
ter distance and QSO hosts and environ-
LDMSR�@S�GHFG�QDCRGHES� �QDONQS�VHSG�@�
BNLOQDGDMRHUD�RBHDMSHjB�@M@KXRHR�HR�DW ��
ODBSDC�RNNM

Session #4: The Universe fabric

*K@TR�2SQ@RRLDHDQ�� (/��/NSRC@L��  
&DQL@MX��OQDRDMSDC�SGD�TAHPTHSNTR�QNKD�
NE�L@FMDSHB�jDKCR�VHSG�DW@LOKDR�NE�SGD�
Sun�Earth magnetic connection and its 
DWNOK@MDS�UDQRHNM��RSDKK@Q�L@FMDSHB�jDKCR�
during core collapse, main sequence  
and planetary nebula phases, and the still 
NODM�B@RD�NE�@M�(MSDQF@K@BSHB�,@FMDSHB�
%HDKC��(&,%��@R�@�ONRRHAKD�OQHLNQCH@K�
RDDC�%NQ�SGD�K@RS�DW@LOKD��SGD�OQNONRDC�
AQD@JSGQNTFG�VHSG�SGD�$�$+3�VNTKC�AD�SN�
obtain high spectral resolution optical 
@MC�MD@Q�(1�KHMD@Q�RODBSQNONK@QHLDSQX�NE�
A@BJFQNTMC�PT@R@QR�HM�NQCDQ�SN�LD@RTQD�
SGD�%@Q@C@X�QNS@SHNM�CTD�SN�SGD�(&,%�
This observation requires polarimetric 
modulation at the E-ELT intermediate 
focus, comparable to the upcoming 
/$/2(�HMRSQTLDMS�@S�SGD�+@QFD�!HMNBTK@Q�
3DKDRBNOD��+!3��%DDCHMF�@M�NOSHB@K�@MC�
@�MD@Q�(1�RODBSQNFQ@OG�RHLTKS@MDNTRKX�
would permit access to a wealth of 
objects from Solar System and extra-
2NK@Q�2XRSDL�ANCHDR�SN�AQHFGS�PT@R@QR�
,NQD�CHRBTRRHNM�NE�SGHR�SNOHB�VHKK�S@JD�
OK@BD�@S�SGD�( 4�2XLONRHTL������"NRLHB�

,@FMDSHB�%HDKCR��EQNL�/K@MDSR��SN�2S@QR�
@MC�&@K@WHDR��HM�-NUDLADQ�����

One prominent E-ELT science case in  
the DRM is the determination of the phys-
ics and mass assembly of galaxies up  
to z ~ 6 from a survey of ~ 1000 galaxies 
VHSG�@�LTKSH�NAIDBS�HMSDFQ@K�jDKC�RODB -
trograph (see report on the presentation 
AX�$U@MR�@ANUD��,@SGHDT�/TDBG��$2.��
presented in detail the simulation pipeline 
developed to assess quantitatively the 
ONSDMSH@K�NE�SGD�$�$+3�ENQ�SGHR�B@RD�3GHR�
pipeline includes distant galaxy modelling 
and evaluation of the effects of the point 
ROQD@C�ETMBSHNM��SGDQL@K�A@BJFQNTMC�@MC�
MNHRD�RNTQBDR�%QNL�SGDRD�CDS@HKDC�RHLT -
lations, the impact of telescope size, site 
�SGDQL@K�A@BJFQNTMC�@MC�RDDHMF��@MC�
instrument characteristics (AO correction, 
pixel scale and spectral resolution) are 
ADHMF�@RRDRRDC�%HM@KKX��@�OQNUHRHNM@K�
strategy for an optimal survey able to suc-
BDDC�HM�SGHR�RBHDMBD�B@RD�V@R�TMUDHKDC

Malcolm Bremer (Bristol University, UK) 
presented the state-of-the-art observa-
tions and the impact of the future astro-
nomical large facilities on the exploration 
NE�SGD�D@QKX�4MHUDQRD�CTQHMF�HSR�jQRS�FHF@ -
XD@Q�3GD�)@LDR�6DAA�2O@BD�3DKDRBNOD�
�)623��VHKK�OQNA@AKX�AD�SGD�jQRS�SN�HCDM -
tify the sources of reionisation, but full 
RODBSQNRBNOHB�BNMjQL@SHNM�VHKK�OQNA@AKX�
QDPTHQD�@M�$+3�DPTHOODC�VHSG�@M�DEjBHDMS�
RODBSQNLDSDQ�VNQJHMF�@S�@�RODBSQ@K�QDRN -
lution of ~ 104 to explore the z ~ 6 inter-
F@K@BSHB�LDCHTL��(&,��RDDM�@F@HMRS�

Figure 5. The cosmic 
tapestry at z = 0  
(from the Millennium  
2HLTK@SHNM�

31.25 Mpc/h
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?AQHFGS��A@BJFQNTMC�RNTQBDR�$+3R�VHKK� 
AD�@�JDX�BNLONMDMS�HM�DKTBHC@SHMF�SGD�
detailed properties of the earliest gal-
axies, in particular when used along  
with complementary facilities such as 
ALMA and the extended Very Large  
 QQ@X��$5+ ��3GD�$+3�QDPTHQDLDMS�HR�  
for spatially resolved, diffraction-limited 
spectroscopy to achieve ~ 100 pc  
spatial resolution, a capability that 
should, in principle, be offered by the 
BTQQDMS�OK@MMDC�HMRSQTLDMS@SHNM

 MCQD@R�*DKY�� (/��/NSRC@L��&DQL@MX��
discussed the need for ELT optical spec-
troscopic follow-up of space- and 
FQNTMC�A@RDC�HL@FHMF�RTQUDXR�'D�OQD -
sented the highly promising observing 
potential of seeing-limited, modular, high-
multiplex spectrometers as the most 
cost-effective and currently feasible 
@OOQN@BG� RSQNOGXRHB@K�DW@LOKDR�EQNL�
SGD�/, 2�HMRSQTLDMS�@S�SGD����L�"@K@Q�
 KSN�SDKDRBNOD�@MC�EQNL�SGD�5+3�,42$�
and the Hobby�Eberly Telescope (HET) 
5(142���#�RODBSQNLDSDQR�TMCDQ�BNM -
RSQTBSHNM��VDQD�FHUDM�%NQ�SGD�$�$+3��SGD�
proposed concept features a modular 
design built from seeing-matched, 
CDOKNX@AKD��jAQD�HMSDFQ@K�jDKC�TMHSR�@MC�
multiple, replicable, small-size spectrom-
DSDQR�.OSHNM@KKX��OGNSNMHB�BNLONMDMSR�
RTBG�@R�jAQD�!Q@FF�.'�RTOOQDRRNQR��
HMSDFQ@SDC�OGNSNMHB�RODBSQNFQ@OGR��DSB�
�RDD�!K@MC�'@VSGNQM�DS�@K��������B@M�AD�
HMBNQONQ@SDC�2TBG�@CU@MBDC�OGNSNMHB�
technologies are amongst the concepts 
for the proposed ERASMUS instrument 
RSTCX�ENQ�SGD�$�$+3�

)ND�+HRJD��$2.��OQDRDMSDC�SGD�$�$+3�
".RLNKNFHB@K�#XM@LHBR�$7ODQHLDMS�
�".#$7��NM�ADG@KE�NE�SGD�SD@L�3GD�@HL�
of the instrument is to probe the accel-
eration of the expansion of the Universe 
directly, one of the most fundamental 
problems in cutting-edge physics, not 
NMKX�@RSQNOGXRHBR�3GHR�QDPTHQDR�@�GHFG�
resolution optical spectrograph with 
exceptional radial velocity (viz. wave-
length) stability of the order of 1 cm/s to 
detect the so-called redshift drift in the 
Lyman-A forest spectra of ~ eighteen  
2 < z < 5 QSOs over a 15�20 year period 
�+HRJD�DS�@K��������3GD�@U@HK@AHKHSX�NE� 
JDX�HMRSQTLDMS�RTARXRSDLR��HM�O@QSHBTK@Q�
a laser frequency comb to provide the 
required ultra-stable wavelength 

B@KHAQ@SHNM��V@R�@RRDRRDC� �RTBBDRRETK�
detection of the redshift drift on the 42 m 
E-ELT requires a total of about 4 000 
hours of observing time spread over two 
CDB@CDR

6NKEQ@L�%QDTCKHMF��$2.���VHSG�$QHB�$LRDK -
KDL��"1 +l+XNM��%Q@MBD��@MC� �*XOBX�
8NKC@O��,/$��&@QBGHMF��&DQL@MX��HMUDRSH -
F@SDC�SGD�ONSDMSH@K�$�$+3�RBHDMSHjB�
impact on dynamical mass estimates of 
RTODQL@RRHUD�AK@BJ�GNKDR��2,!'��
/QDRDMS�C@X�JMNVKDCFD�NE�SGDRD�NAIDBSR�
was summarised, followed by detailed 
simulations of potential observations  
VHSG�SGD�$�$+3� CU@MBDR�HM�SGHR�RBHDMSHjB� 
jDKC�QDPTHQD�@�CHEEQ@BSHNM�KHLHSDC���#�
spectrometer at a spectral resolution of  
]�����l�����/QDKHLHM@QX�QDRTKSR�RGNV�
that detection of relatively low mass 
SMBHs in Virgo should require only ~ 15 
minutes integration with 5�10 hours 
required for the most massive SMBHs to 
z�]����$+3R�BKD@QKX�G@UD�SGD�ONSDMSH@K�SN�
open a new era for SMBH research, and 
in particular to understand the processes 
NE�SGDHQ�ENQL@SHNM�@MC�DUNKTSHNM�ADSSDQ
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&DQQX�&HKLNQD��(N ��"@LAQHCFD��4*���
Opticon chairman, summarised the his-
tory of European involvement in ELTs and 

delineated the role played by Opticon 
since 2002 in bringing out a united pan-
$TQNOD@M�DEENQS��jQRS�SNV@QCR�SGD�CDRHFM�
HMCDODMCDMS�%/��$+3�#DRHFM�2STCX�� 
SGDM�Q@KKXHMF�@QNTMC�SGD�$�$+3�/QNIDBS�
Opticon has played a major role in devel-
oping, in close collaboration with the 
community, a comprehensive science 
B@RD�ENQ�SGD�$�$+3��HMBKTCHMF�HSR�jQRS�SNO�
KDUDK�RBHDMBD�QDPTHQDLDMSR�3GD�HLONQ -
tance of the three �big questions� � the 
OGXRHB@K�LD@MHMF�NE�C@QJ�DMDQFX��SGD�
M@STQD�NE�C@QJ�L@SSDQ�@MC�SGD�TAHPTHSX�NE�
life � and the potential E-ELT role in 
@SS@BJHMF�SGDRD�OQNAKDLR�VDQD�DLOG@ -
RHRDC�HM�SGD�S@KJ�'D�BNMBKTCDC��f3GD�
E-ELT is an excellent and realistic project, 
enjoying a strong and wide community 
support that the ESO design team must 
QDS@HM�3GD�BNLLTMHSX�LTRS�BNMSHMTD�
@BSHUD�HMUNKUDLDMS�@MC�VNQJ�ENQ�M@SHNM@K�
agency support, to raise the funds and 
@OOQNU@K�AX�LHC�����t
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