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1  ESO

7KH�ZRUNVKRS�H[SORUHG�WKH�VFLHQWL:F�

synergies between ALMA and the 

H[WUHPHO\�ODUJH�WHOHVFRSHV�WKDW�DUH�

being planned. The main goal of the 

workshop was to bring the ALMA and 

ELT communities together, to identify 

the common science cases and to out-

line instrumentation/upgrade priorities 

for the ALMA and ELT facilities. We pro-

YLGH�D�EULHI�DFFRXQW�RI�WKH�VFLHQWL:F�

sessions and the wide-ranging discus-

sions held during this very lively four-

day meeting.

 

3GD�VNQJRGNO�NM�RXMDQFHDR�ADSVDDM�
 +, �� S@B@L@�+@QFD�,HKKHLDSDQ�RTALHK�
KHLDSDQ� QQ@X��@MC�$+3R��$WSQDLDKX�+@QFD�
3DKDRBNODR��V@R�GDKC�@S�SGD�$2.�'D@C�
PT@QSDQR�HM�&@QBGHMF�EQNL���l��p,@QBG�
����
�(S�V@R�LNSHU@SDC�AX�@�FQNVHMF�
HMSDQDRS�SGD� +, �@MC�$+3�BNLLTMHSHDR�
to understand the capabilities of these 
K@QFD�HMEQ@RSQTBSTQDR�ADSSDQ��@R�SGDX�VHKK�
CNLHM@SD�FQNTMC�A@RDC�@RSQNMNLX�ENQ�
SGD�MDWS�SVN�SN�SGQDD�CDB@CDR
�3GD�VNQJ�
shop was particularly timely as both 
 +, �@MC�SGD�$+3R�@QD�@BSHUDKX�RG@OHMF�
their future in the coming months: investi�
gating possible upgrade paths for the 
ETSTQD�HM�SGD�B@RD�NE� +, ��@MC�BNMRNKH�
C@SHMF�SGD�OQHNQHSHDR�ENQ�SGDHQ�RHSDR��SGDHQ�
instrument suites and adaptive optics 
B@O@AHKHSHDR�HM�SGD�B@RD�NE�SGD�$+3R


Close to a hundred participants from all 
NUDQ�$TQNOD��-NQSG� LDQHB@�@MC�$@RS�
Asia shared their views and ideas on 
RTALL�@MC�NOSHB@K�MD@Q�HMEQ@QDC�@RSQNM�
NLX�NUDQ�SGD�ENTQ�C@XR
�3GD�@TCHDMBD�
was delighted by outstanding reviews 
@MC�L@MX�HMSDQDRSHMF�RBHDMSHjB�GHFGKHFGSR
�
The discussion sessions were very lively 
@MC�OQNCTBSHUD
� KK�S@KJR�B@M�AD�ENTMC�
online through the programme pages of 
SGD�VNQJRGNO1


The programme presented an overview 
of all the facilities under consideration � 
 +, ��SGD�&H@MS�,@FDKK@M�3DKDRBNOD�
�&,3���SGD�3GHQSX�,DSQD�3DKDRBNOD��3,3��
@MC�SGD�$TQNOD@M�$WSQDLDKX�+@QFD�

3DKDRBNOD��$�$+3����NM�SGD�jQRS�C@X
�3GHR�
V@R�ENKKNVDC�AX�SVN�SNOHB@K�RBHDMBD�C@XR��
VHSG�SGD�jQRS�CDCHB@SDC�SN�CHRS@MS��DWSQ@�
F@K@BSHB���SGD�RDBNMC�SN�MD@QAX��SGD�KNB@K�
4MHUDQRD��QDRD@QBG��ADENQD�VQ@OOHMF�TO�
VHSG�RNLD�SDBGMHB@K�S@KJR�@R�VDKK�@R�@�
RTLL@QX�@MC�jM@K�CHRBTRRHNM�NM�SGD�K@RS�
C@X


The ESO Director General opened the 
meeting by reminding all those present of 
SGD�OQHUHKDFDC�ONRHSHNM�NE�$2.�HM�BN�NQCH�
nating both the European efforts on 
 +, ��@R�VDKK�@R�KD@CHMF�SGD�K@QFDRS�NE�SGD�
$+3�OQNIDBSR
�3GD�HLOQDRRHUD�OQNFQDRR�
NUDQ�SGD�K@RS�XD@Q�NM� +, �BNMRSQTBSHNM�
V@R�QDUHDVDC�AX�1HBG@QC�'HKKR��+@QR�ÄJD�
Nyman presented the concepts of Sci�
ence Operations and Andrew Blain sum�
L@QHRDC�SGD�RBHDMSHjB�B@RDR�ENQ�SGD� +, �
TOFQ@CDR�ENQ�SGD�����pGNQHYNM
�3GD�$+3�
projects were introduced by Pat McCarthy 
@MC�2SDUD�2GDBSL@M��&,3���/@TK�'HBJRNM�
�3,3��@MC�1NADQSN��&HKLNYYH��$�$+3��� 
who each summarised the exceptional 
capabilities of their projects and showing 
@KK�SGD�OQNIDBSR�SN�AD�@S�UDQX�RHLHK@Q�RS@FDR��
VHSG�BNLOKDSHNM�DWODBSDC�ENQ�����


Science days

The two science days were organised 
with four reviews in the morning and sci�
ence highlights and discussion in the 
@ESDQMNNM
�3GD�DWSQ@F@K@BSHB�C@X�ROKHS�SGD�
QDUHDVR�HMSN�f%TMC@LDMS@K�OGXRHBR��BNR�
LNKNFX��QDKHBR�NE�SGD�D@QKX�4MHUDQRDt��
�OQDRDMSDC�AX�%Q@MJ�!DQSNKCH�@MC�7H@NGTH�
%@M��@MC�f&@K@WX�@MC�(2,�$UNKTSHNMt�
�OQDRDMSDC�AX�+HMC@�3@BBNMH�@MC� KUHN�
1DMYHMH
�3GD�ENKKNVHMF�C@X��ENBTRHMF�NM�
SGD�KNB@K�4MHUDQRD��ROKHS�HMSN�f2S@Q�ENQL@�
SHNM�EQNL�QD�HNMHR@SHNM�SN�SGD�OQDRDMSt�
QDUHDVDC�AX�$VHMD�U@M�#HRGNDJ�@MC�1NA�
*DMMHBTSS��@MC�f2NK@Q�2XRSDLR�MD@Q�@MC�
far� scrutinised by Bryan Butler and 
#HCHDQ�0TDKNY


The original idea was to hold discussions 
on the different strategies of approaching 
@�FHUDM�SNOHB�VHSG� +, �NQ�SGD�$+3R�@MC�
then highlight the synergies in the various 
science goals between the different facili�
SHDR
�/DQG@OR�RTQOQHRHMFKX��NMD�NE�SGD� 
clear outcomes of the meeting was that 
the submillimetre and optical/infrared 
com munities have already approached  

each other much more than was originally 
@MSHBHO@SDC��KD@CHMF�SN�@�RHST@SHNM�VGDQD�@KK�
reviews already included the full wave�
length range � not only in the context of 
ETSTQD�QDRD@QBG��ATS�@KRN�HM�SGD�BTQQDMS�
RS@SD�NE�SGD�@QSl�3N�L@MX��SGHR�FDMDQ@K�
overview strengthened further the impres�
RHNM�SG@S� +, �@MC�SGD�$+3R�B@MMNS�AD�
RDDM�@R�RS@MC�@KNMD�E@BHKHSHDR��ATS�D@BG�
must be viewed as an extremely strong 
BNLOKDLDMS�SN�SGD�NSGDQ��@KKNVHMF�TR�SN�
S@BJKD�SGD�LNRS�DWBHSHMF�RBHDMSHjB�PTDR�
tions in astrophysics and cosmology in the 
BNLHMF�CDB@CDR
�3NV@QCR�SGD�DMC�NE�SGD�
LDDSHMF�RNLD�S@KJR�GHFGKHFGSDC�SGD�RXMDQ�
FHDR�VHSG�NSGDQ�L@INQ�E@BHKHSHDR�NE�SGD�ETSTQD��
the James Webb Space Telescope (JWST) 
@MC�SGD�2PT@QD�*HKNLDSQD� QQ@X��2* ���
demonstrating how modern astrophysics 
has gone beyond the old compartmentali�
R@SHNM�NE�V@UDA@MCR�@MC�FQNTMC��v. 
RO@BD�ANQMD�E@BHKHSHDR


Some of the highlights of the cosmology 
QDUHDVR�SG@S�VNTKC�AD�S@BJKDC�AX�@�BNL�
AHM@SHNM�NE� +, �@MC�$+3R�HMBKTCDC��SGD�
prospects for studying both molecular 
and ionised gas in objects at the epoch 
of reionisation; various tests of the varia�
AHKHSX�NE�ETMC@LDMS@K�BNMRS@MSR��RTBG�@R�
SGD�jMD�RSQTBSTQD�BNMRS@MS��RDD�%HFTQDp����
SGD�DKDBSQNM�OQNSNM�L@RR�Q@SHN��SGD�OQNSNM�
FXQNL@FMDSHB�Q@SHN��@R�VDKK�@R�NE�FDMDQ@K�
relativity; several tests on the nature of 
C@QJ�L@SSDQ��SGD�DUNKTSHNM�NE�SGD�HMSDQF@�
lactic medium (IGM) and stellar popula�
tions with cosmic time and various ways 
NE�LD@RTQHMF�SGD�BNRLHB�CDBDKDQ@SHNM
�(M�
S@BJKHMF�L@MX�@RODBSR�NE�SGDRD�SNOHBR��
 +, �@MC�SGD�$+3R�VHKK�BNLOKDLDMS�
D@BG�NSGDQ�@KLNRS�ODQEDBSKX


The extragalactic reviews emphasised 
GNV�SGD�BNLAHM@SHNM�NE� +, �@MC�SGD�
$+3R�HR�HCD@KKX�RTHSDC�SN�SGD�RSTCX�NE�D@QKX�
galaxy evolution from high redshifts to 
SNC@X��RDD�%HFTQDp��
�4RHMF�DW@LOKDR�NE�
the synergies that have developed 
ADSVDDM�SGD�5+3�@MC�SGD�(MRSHSTS�CD�1@CH�
N@RSQNMNLHD�,HKKHL!SQHPTD��(1 ,���HS�V@R�
shown that the interplay of the giant facili�
SHDR�VHKK�@MRVDQ�L@MX�PTDRSHNMR��RTBG�@R��
what fraction of star formation is due 
major v. minor mergers v. steady accre�
tion; how do galaxies get their gas; how 
do discs evolve and how do bulges form; 
VG@S�CQHUDR�SGD�HMSDQM@K�DUNKTSHNM�NE�GHFG�z 
RS@Q�ENQLHMF�F@K@WHDR��GNV�HLONQS@MS�HR�
EDDCA@BJ��GNV�CNDR�BGDLHB@K�DMQHBGLDMS�
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ALMA and ELTs: A Deeper, Finer View of the Universe
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OQNBDDC��GNV�CNDR�SGD�BN�DUNKTSHNM�NE�
AK@BJ�GNKDR�� BSHUD�&@K@BSHB�-TBKDH�� &-��
and their host galaxies vary with redshift?

The second science day started with 
reviews on star formation in which the 
HLLDMRD�ONVDQ�NE� +, �HM�RSTCXHMF�SGD�
various phases of star and planet forma�
SHNM�V@R�DLOG@RHRDC��ATS�@KRN�SGD�JDX� 
QNKD�NE�SGD�$+3R�HM�BNLOKDLDMSHMF�SGDRD�
RSTCHDR�V@R�RSQDRRDC��HM�O@QSHBTK@Q�ENQ�SGD�
understanding of the inner disc regions  
HM�OQNSNRSDKK@Q�RXRSDLR��%HFTQDp��
�3GDRD�
facilities will straddle the boundaries of 
&@K@BSHB�@MC�DWSQ@F@K@BSHB�RS@Q�ENQL@SHNM
�
3@QFDSR�ENQ� +, l$+3�RSTCHDR�G@UD�@MC�
will come from unbiased submillimetre and 
HMEQ@QDC�VHCD�jDKC�RTQUDXR
�6D�VDQD�@KRN�
reminded that there are many areas where 
VD�BTQQDMSKX�JMNV�KHSSKD�NQ�MNSGHMF�@S�
OQDRDMS��@MC�GNV�HLONQS@MS�SGDHQ�TMCDQ�
standing will become for the full exploita�
SHNM�NE� +, �$+3�C@S@
�'HFG�HLO@BS�VHKK�
come from investigations of fundamentals 
RTBG�@R�SGD�HMHSH@K�L@RR�ETMBSHNM��(,%���SGD�
".�SN�' II�Q@SHN��SGD�RSQTBSTQD�NE�SGD�HMSDQ�
RSDKK@Q�LDCHTL��SGD�ENQL@SHNM�NE�BNLOKDW�
LNKDBTKDR�@MC�RSDKK@Q�OGXRHBR


%HM@KKX��SGD�K@RS�RBHDMBD�RDRRHNM�BNMRHC�
DQDC�NTQ�2NK@Q�2XRSDL�@MC�DWNOK@MDSR
�
Bryan Butler reminded us that the planets 
in our Solar System are �not just calibra�
tors� � understanding their structure and 
OQNODQSHDR�HR�@�UDQX�KHUDKX�QDRD@QBG�jDKC�
and a �Rosetta Stone� for our under�
RS@MCHMF�NE�NSGDQ�OK@MDS@QX�RXRSDLR
�
Even in an era of in situ exploration by 
RO@BD�UDGHBKDR��FQNTMC�A@RDC�E@BHKHSHDR�
VHKK�RSHKK�OK@X�@�JDX�QNKD�HM�SGD�RSTCX�NE�SGD�
2NK@Q�2XRSDL
� +, �@MC�SGD�$+3R�VHKK�
complement each other strongly in the 
RSTCX�NE�OK@MDS@QX�@SLNROGDQDR��@R�VDKK�
@R�HM�BG@Q@BSDQHRHMF�3Q@MR�-DOSTMH@M�
.AIDBSR��3-.R��@MC�LHMNQ�QNBJX�ANCHDR�
beyond their simple dynamical parame�
SDQR
�3GHR�RSTCX�VNTKC�NODM�SGD�CNNQR�SN�
a full understanding of the formation of 
OK@MDS@QX�RXRSDLR
�!DXNMC�NTQ�2NK@Q�
2XRSDL��SGD�RSQDMFSG�NE� +, �HR�SN�AD�
able to detect protoplanets forming within 
OQNSNOK@MDS@QX�CHRBR��VGHKD�SGD�$+3R�VHKK�
NARDQUD�XNTMF�SN�NKC�OK@MDSR
�$@QSG�KHJD�
exoplanets will probably have been found 
AX�SGD�@CUDMS�NE�SGD�$+3R��ATS�SGDHQ�BG@Q�
acterisation and systematic imaging will 
AD�SGD�S@RJR�NE�SGD�MDV�E@BHKHSHDR


Astronomical News *HRRKDQ�/@SHF�,
��3DRSH�+
��1DONQS�NM�SGD�$2.�VNQJRGNO� +, �@MC�$+3R

Figure 1. Prospects for 
measuring the possible 
BNRLHB�U@QH@SHNM�NE�SGD�jMD�
structure constant with cur�
rent and future high resolu�
SHNM�NOSHB@K�RODBSQNFQ@OGR
�
The expected precision 
reachable with high resolu�
SHNM�TKSQ@�RS@AKD�NOSHB@K�
spectrographs is shown as 
a function of the telescope 
effective diameter (adapted 
EQNL�,TQOGX�
� +, �VHKK�AD�
able to provide complemen�
tary constraints by measur�
ing the cold narrow molecu�
lar lines at extremely high 
spectral resolution; as an 
DW@LOKD��SGD�LL�@ARNQO�
tion line system at z����
���
along the line of sight to 
/*2���������HR�RGNVM�
�,TKKDQ�DS�@K
�������
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Discussions

The discussion session focused on ques�
tions such as what are the main syner�
FHDR�ADSVDDM�SGD�E@BHKHSHDR��6GHBG�$+3�
HMRSQTLDMSR�@MC�NQ� +, �TOFQ@CDR�
would maximise the synergies? Do the 
communities of the facilities need to be 
brought still closer together? Do formal 
KHMJR�ADSVDDM�SGD�BNLLTMHSHDR�E@BHKHSHDR�
have to be established? Should system�
atic programmes be established with 
 +, �SN�OQDO@QD�ENQ�$+3�NARDQU@SHNMR��

All these questions were discussed in the 
U@QHNTR�RDRRHNMR�@MC�OHBJDC�TO�HM�SGD�
conference summary presented by 
)@LDR�#H�%Q@MBDRBN
�3GD�NUDQ@KK�HLOQDR�
sion was that very strong synergies 
DWHRSDC�HM�@KK�jDKCR�NE�@RSQNOGXRHBR�@MC�
SG@S�SGD�BNLLTMHSX�G@C�@KQD@CX�HCDMSHjDC�
the vast majority of them and was actively 
OQDO@QHMF�SN�LDDS�SGD�BG@KKDMFDR
�8NTMF�
astronomers are being trained across the 

wavelength domains and are not waiting 
for the giant facilities to operate in order 
to prepare themselves for the optimal use 
NE�SGD�C@S@
�8DS��ETQSGDQ�BQNRR�EDQSHKHR@SHNM�
@BSHUHSHDR�RGNTKC�AD�NQF@MHRDC�SN�JDDO�TO�
the momentum and institutes should aim 
at hiring the right mix of researchers from 
ANSG�BNLLTMHSHDR
�3NO�Q@SDC�HMRSQTLDMSR�
ENQ�$+3R�SG@S�VNTKC�BKD@QKX�DMG@MBD�SGD�
RXMDQFX�VHSG� +, �@QD�GHFG�QDRNKTSHNM�
optical and infrared spectrographs and 
MD@Q��LHC�HMEQ@QDC�HL@FDQR�@MC�HMSDFQ@K�
jDKC�RODBSQNFQ@OGR��VGHKD� +, �VNTKC�
OQNjS�EQNL�KNMF�A@RDKHMDR�@MC�!@MCRp��
@MC��
�%NQL@K�BNMMDBSHNMR�ADSVDDM�SGD�
OQNIDBSR�RDDL�OQDL@STQD�@S�SGHR�ONHMS��
but will certainly be thought of in due 
SHLD
�,NQD�HLONQS@MSKX��SGD�C@S@�EQNL�@KK�
facilities should be made accessible to 
the entire community and the reduction/
analysis tools should be designed to 
DMBNTQ@FD�MNM�DWODQSR�SN�TRD�SGDL


(M�RTLL@QX��SGD�LDDSHMF�V@R�UDQX� 
well attended and enabled very lively 

CHRBTRRHNMR�ADSVDDM�SGD�BNLLTMHSHDR
�(S�
CDLNMRSQ@SDC��L@XAD�DUDM�LNQD�RSQNMFKX�
SG@M�G@C�@KQD@CX�ADDM�@RRTLDC��SGD�
huge impact that the combination of 
 +, �@MC�SGD�$+3R�VHKK�G@UD�NM�SGD�ETKK�
breadth of observational astrophysics 
@MC�BNRLNKNFX��DWSDMCHMF�SN�OK@MDS@QX�
RBHDMBD�@MC�ETMC@LDMS@K�OGXRHBR
�6D�@QD�
SQTKX�KNNJHMF�ENQV@QC�SN�SVN�LNRS�DWBHSHMF�
CDB@CDR�HM�@RSQNMNLX
� �RTLL@QX�NE�SGD�
VNQJRGNO�HM�SGD�ENQL�NE�@����O@FD�ANNJ�
KDS�VHKK�@OOD@Q�HM�SGD�BNTQRD�NE�����


 BJMNVKDCFDLDMSR

The organisers are most grateful to the SOC and the 
+."��HM�O@QSHBTK@Q�SN�"GQHRSHM@�2SNEEDQ�ENQ�G@MCKHMF�
SGD�ETKK�KNFHRSHBR��@MC� MM@KHR@�"@K@LHC@�ENQ�GDQ�GDKO�
VHSG�SGD�VNQJRGNO�O@FDR�
�3GD�QDUHDV�ROD@JDQR�@QD�
@KRN�SG@MJDC�ENQ�SGDHQ�DWBDKKDMS�INA�HM�RTLL@QHRHMF�
SGDHQ�jDKCR��@MC�@KK�SGD�ROD@JDQR�ENQ�UDQX�HMSDQDRSHMF�
@MC�DMINX@AKD�S@KJR��@KK�NE�@�GHFG�RS@MC@QC


+HMJR
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Figure 2.�3GD� MSDMM@D�F@K@WX�LDQFDQ��@�QDK@SHUDKX�
nearby merger that triggered intense star formation 
@MC�SGD�OQNCTBSHNM�NE�RTODQ�RS@Q�BKTRSDQR
�%QNL�KDES�
SN�QHFGS�HL@FDR�HM�SGD�NOSHB@K��'TAAKD�2O@BD�3DKD�
RBNOD���HMEQ@QDC��2OHSYDQ�2O@BD�3DKDRBNOD��@MC�LHKKH�
metre continuum (Caltech Submillimeter Observa�
SNQX�
� +, �@MC�SGD�$+3R�VHKK�@KKNV�HL@FDR�SN�AD�
obtained at a comparable level of detail for mergers 
@S�GHFG�QDCRGHES
�

Figure 3. The inner regions of a protoplanetary disc 
DWOKNQDC�VHSG�RODBSQN@RSQNLDSQX�VHSG�"1(1$2
�3GD�
$+3R�DPTHOODC�VHSG�GHFG�RODBSQ@K�QDRNKTSHNM�HMEQ@QDC�
spectrographs will allow a detailed study of the gas�
eous component of the inner regions of protoplane�
S@QX�CHRBR��VGHKD� +, �VHKK�OQNUHCD�@�TMHPTD�UHDV�NE�
the processes in the cold outer regions of the sys�
SDLR��@C@OSDC�EQNL�/NMSNOOHC@M�DS�@K
�������



