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October  17:  Spectroscopic  Facility

A  Study  Concept  – Not  a  Project  
Facility  (Telescope  &  Instruments):  
ØTelescope    >  10M  
ØLarge  Field  of  View  
ØLarge  Multiplex
ØDedicated
Ø (In  the  Southern  emisphere)
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3GD�jQRS�PTDRSHNM�V@R�@ANTS�SGD�LNRS�
important capabilities for their research  
HM�SGD�����
�SHLDEQ@LD
�3GD�QDRONMCDMSR�
were allowed to make at most three 
choices and the distribution of all prefer-
ences is shown in Figure 3.

 S�E@BD�U@KTD��SGDQD�RDDLR�SN�AD�@�BKD@Q�
dominance of high-multiplex, high/mod-
DQ@SD�QDRNKTSHNM�RODBSQNRBNOX��RHMFKD�(%4�
�HMSDFQ@K�jDKC�TMHS��RODBSQNRBNOX�@MC�
VHCD�jDKC��6%��HL@FHMF�BNMSHMTTL�@MC�
spectroscopic surveys, which pairs well 
with the light orange bars displayed in 
%HFTQDŰ�
�'NVDUDQ��HMSDQOQDSDC�B@QDETKKX��
%HFTQD���HR�RKHFGSKX�LNQD�BNLOKDW��jQRS��AX�
splitting the spectroscopic modes more 
jMDKX�SG@M�SGD�NSGDQ�B@O@AHKHSHDR��VD�L@X�
be inadvertently boosting all spectro-
RBNOHB�DMSQHDR��RDBNMCKX��SGD�@M@KXRHR�HR�
based on a varying number of choices 
made by the different respondents (some 
may have chosen to specify all three 
BGNHBDR�SGDX�BNTKC�L@JD��NSGDQR�KDRR���
SGHQCKX��SGD�QDRTKSR�L@X�QDkDBS�SGD�HLOKHBHS�
bias in the targeted audience, because 
the number of users drawn from the 

 +, �2BHDMBD�/NQS@K�HR�@S�LNRS�NMD� 
jESG�NE�SGD�SNS@K�MTLADQ�NE�TRDQR�VGN�
were invited to participate (depending 
whether one considers users with a 
TMHPTD�@BBNTMS�NM�SGD� +, �2BHDMBD�
/NQS@K���@QNTMC�������@MC�TRDQR�VGN�
G@UD�@M�@BBNTMS�NM�ANSG�ONQS@KR���
another 990). However, improving on the 
normalisation of the responses is not 
straightforward, because of the logic 
ADGHMC�SGD�PTDRSHNMR
� R�MNSDC�D@QKHDQ��
SGHR�AH@R�L@X�QDkDBS�SGD�CHRSQHATSHNM�NE�
wavelength domains among the respond-
ents (see Figure 1), which in turn may  
be interwoven in the responses received 
in this section.

3GHR�jQRS�PTDRSHNM�V@R�ENKKNVDC�AX�@�KHRS�
of questions asking the user to specify, 
for each of the selected capabilities,  

SGD�OQHNQHSX��$RRDMSH@K�(LONQS@MS�2NLD-
what Important) of different wavelength 
CNL@HMR���
�l�
��ƅL���
�l��ƅL���l�
�ŰƅL��
�
�l���ƅL��RTALHKKHLDSQD�:RTA�LL<��
Q@CHN�
�6D�CDBHCDC�SN�BNLAHMD�@KK�$RRDM-
tial/Important preferences given to each 
capability in the six wavelength domains 
(Figure 4) and normalise them to the total 
number of responses of the capability  
in the leading question. For example, the 
GHFG�LTKSH�NAIDBS��,.2���GHFG�QDRNKTSHNM�
capa bility received a total of 571 prefer-
DMBDR��ANSSNL�A@Q�HM�%HFTQD�����NE�SGNRD��
304 correspond to Essential/Important 
RDKDBSHNMR�HM�SGD��
�l�
��ƅL�HMSDQU@K��SGTR�
making up more than 50% of the total.

6HSG�SGD�DWBDOSHNM�NE�KNMF�A@RDKHMD�HMSDQ-
ferometry, all the other observing capa-
bilities received the largest number of 
preferences in the wavelength ranges 
�
�l�ŰƅL�@MC��l�
��ƅL��ENKKNVDC�AX�SGD�
�
�l�
�ŰƅL�@MC�SGD��
�l���ƅL�HMSDQU@KR
�
3GD�RSQNMF�HMSDQDRS�HM�SGD��
�l�
��ƅL�
region across all capabilities is notewor-
thy here, indicating a need for blue cover-
@FD�SG@S�DLDQFDC�@KRN�@S�SGD�$2.����
�
conference.

For completeness, users were also 
prompted about the importance for their 
QDRD@QBG�SG@S�$2.�BNMSHMTDR�SN�OQNUHCD�
support for visitor instruments. The 
responses split almost equally between 
“Yes” and “No”, with the latter leading  
ITRS�AX�@�EDV�ODQBDMS@FD�ONHMSR������


 ESDQ�PTDRSHNMR�@ANTS�B@O@AHKHSHDR��SGD�
users were asked about the facilities 
VGHBG�VDQD�QDPTHQDC�AX�SGDHQ�RBHDMSHjB�
NAIDBSHUDR
�3GD�MDS�CNLHM@MBD�NE�NOSHB@K�
infrared (IR) facilities (of any size, from 
�ŰLDSQD��l���LDSQD��HMBKTCHMF�@�CDCH-
cated 10-metre spectroscopic telescope 
for the E-ELT) is notable. The detailed 
outcome is shown in Figure 5 and is 
based on a total number of 4575 choices 
(the answer was again limited to a maxi-
LTL�NE�SGQDD�BGNHBDR�
� R�@KQD@CX�BNL-
mented for Figure 3, the replies may be 
@EEDBSDC�AX�@M�HLOKHBHS�AH@R�@MC�QDkDBS� 
the wavelength range distribution of the 
user pool (see Figure 1).

2DBSHNM�((�@KRN�SNTBGDC�TONM�SGD�K@BJ�NE�
RODBHjB�E@BHKHSHDR�@S�$2.�@MC�SGD�HLONQ-
tance of other planned facilities (where 
users were asked to select all those  
that will be essential for their research 

�� ���� ���� ���� ���� ���� ����

'HFG�,.2��GHFG�QDRNKTSHNM

6%�RODBSQNRBNOHB�RTQUDXR

2HMFKD�(%4�RODBSQNRBNOX

6%�HL@FHMF�BNMSHMTTL�RTQUDXR�

'HFG�,.2��LNCDQ@SD�QDRNKTSHNM

+NMF�A@RDKHMD�HMSDQEDQNLDSQX

,NCDQ@SD�,.2�(%4��LNCDQ@SD�QDRNKTSHNM

'HFG�BNMSQ@RS�HL@FHMF

'HFG�OQDBHRHNM�Q@CH@K�UDKNBHSHDR

'HFG�SHLD�QDRNKTSHNM�RODBSQNRBNOX

/NK@QHLDSQX

 RSQNLDSQX

 ODQSTQD�L@RJHMF

Figure 3.�4RDQR�VDQD�@RJDC�SN�RDKDBS�SGD�LNRS�
important capabilities for their own research in the 

2020–2030 timeframe. Responses are shown in 

absolute number of preferences, expressed for each 

NOSHNM�KHRSDC
� �SNS@K�NE������OQDEDQDMBDR�VDQD�
received. 

Table 2.�0TDRSHNMR�EQNL�2DBSHNM�((�NE�SGD�$2.����
�4RDQR��/NKK


Section II – Present and future observing facilities

2.1

2.1.1

2.2

2.3

2.4

2.5

6GHBG�B@O@AHKHSHDR�VHKK�AD�LNRS�HLONQS@MS�ENQ�XNTQ�QDRD@QBG�HM�SGD�����

SHLDEQ@LD�

/KD@RD�RDKDBS�SGD�V@UDKDMFSG�Q@MFDR�@MC�OQHNQHSHDR�ENQ�:XNTQ�RDKDBSHNM�R��NE�0�
�<

 QD�SGDQD�NARDQUHMF�B@O@AHKHSHDR�LHRRHMF�@S�$2.�ENQ�XNTQ�QDRD@QBG�

#N�XNT�BNMRHCDQ�SGD�RTOONQS�ENQ�UHRHSNQ�HMRSQTLDMSR�@M�HLONQS@MS�B@O@AHKHSX
ENQ�XNTQ�QDRD@QBG�

6GHBG�E@BHKHSHDR�CN�XNTQ�ETSTQD�QDRD@QBG�NAIDBSHUDR�QDPTHQD�

6GHBG�NSGDQ�OK@MMDC�E@BHKHSHDR�@QD�DRRDMSH@K�ENQ�XNTQ�ETSTQD�QDRD@QBG�

2DD�%HFTQD��

2DD�%HFTQD��

2DD�SDWS

2DD�SDWS

2DD�%HFTQD��

2DD�%HFTQD��1775  overall  responses  out  of  9350  polled  (20%)
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NAIDBSHUDR�
�3GD�QDRONMRD�SN�SGD�PTDRSHNM�
whether there were observing capabilities 
MNS�@U@HK@AKD�@S�$2.�ROKHS�@KLNRS�DPT@KKX�
�����8DR������-N���SGNRD�VGN�@MRVDQDC�
f8DRt�VDQD�@RJDC�SN�AD�LNQD�RODBHjB
�
There were nearly 800 individual com-
ments spanning a wide range of options 
and mixing both capabilities (to the level 
NE�@�RODBHjB�HMRSQTLDMS�LNCD�LHRRHMF� 
on an already operational VLT instrument) 
and facilities (e.g., X-ray and gamma ray).

Figure 6 displays which other facilities our 
pool of respondents deem to be essential 

��� ���� ���� ���� ���� �����

'HFG�,.2��GHFG�QDRNKTSHNM

'HFG�,.2��LNCDQ@SD�QDRNKTSHNM

,NCDQ@SD�,.2�(%4��LNCDQ@SD�QDRNKTSHNM

2HMFKD�(%4�RODBSQNRBNOX

'HFG�SHLD�QDRNKTSHNM�RODBSQNRBNOX

'HFG�OQDBHRHNM�Q@CH@K�UDKNBHSX

6%�RODBSQNRBNOHB�RTQUDXR

6%�HL@FHMF�BNMSHMTTL�RTQUDXR

+NMF�A@RDKHMD�HMSDQEDQNLDSQX

 RSQNLDSQX

/NK@QHLDSQX

'HFG�BNMSQ@RS�HL@FHMF

 ODQSTQD�L@RJHMF

Figure 4.�2HLHK@Q�SN�%HF-
TQDŰ���HM�SDQLR�NE�X�@WHR���
the bars now show the 
Essential/Important wave-
length ranges per chosen 
instrumental capability.

3GD�.QF@MHR@SHNM /QHL@R�%
�DS�@K
��2G@OHMF�$2.����
�3NFDSGDQ��%DDCA@BJ�EQNL�SGD�"NLLTMHSX�/NKK

Radio

2TA�LL

2.4–20 µm

1–2.4 µm

0.4–1 µm

0.3–0.4 µm

ENQ�SGDHQ�ETSTQD�QDRD@QBG�NAIDBSHUDR
� �KHRS�
of upcoming planned facilities was pro-
vided, but users were allowed to specify 
more and they are shown by the word 
cloud.

2DBSHNM�(((���3HLD�RBGDCTKHMF�@MC�
observing modes

2DBSHNMR�(((�@MC�(5�BNUDQDC�$2.�RBHDMBD�
policies and their implementation in terms 
of observing (this section) and data pro-
cessing/archive capabilities (next section).

 KLNRS�SVDMSX�XD@QR�@FN��VGHKD�OQDO@QHMF�
ENQ�SGD�5+3��$2.�B@OSTQDC�HSR�L@HM�ONKH-
cies and procedures on how to allocate 
telescope time at the VLT/VLTI in what 
SGDM�ADB@LD�SGD�NEjBH@K�$2.�2BHDMBD�
Policy document2. The arrival of VLT/I 
BKD@QKX�L@QJDC�@�RHFMHjB@MS�BG@MFD�ENQ�
$2.�@MC�HSR�BNLLTMHSX��LNUHMF�EQNL� 
a classical type of observatory (how 
+@Ű2HKK@�V@R�QTM��A@BJ�SGDM��SN�@�LNQD�
challenging model that makes the best 
out of classical and queue observing 
�5HRHSNQ�@MC�2DQUHBD�,NCDR��5,�@MC�2,��
QDRODBSHUDKX�
�3NC@X��$2.�R�E@BHKHSX�K@MC-
scape has been further enriched and 
MNV�HMBKTCDR�5HRHAKD�@MC�(MEQ@QDC�2TQUDX�
3DKDRBNOD�ENQ� RSQNMNLX��5(23 ��@MC�SGD�
5+3�2TQUDX�3DKDRBNOD��523��NM�/@Q@M@K��
 /$7�@MC� +, �NM�"G@IM@MSNQ
�(M�SGD�
����
�SHLDEQ@LD��HS�VHKK�@KRN�HMBKTCD�SGD�
E-ELT.

#DROHSD�RDUDQ@K�BNLLNM@KHSHDR�@LNMF�HSR�
NARDQU@SNQHDR��$2.�NODQ@SDR�HSR�E@BHKHSHDR�
in slightly different ways: only Visitor 
,NCD�NARDQUHMF�NM�+@�2HKK@��NMKX�2DQUHBD�
Mode observing on the two survey tele-
RBNODR��5(23 �@MC�SGD�523��� /$7�@MC�
 +, ��ANSG�2DQUHBD�@MC�5HRHSNQ�,NCDR�@S�
SGD�5+3�(
�2DBSHNM�(((�SNTBGDC�NM�SGDRD�
aspects and probed the community’s 
needs and ideas about types of observ-
ing programmes and observing modes 
(one question each, see Table 3). Neither 
PTDRSHNM�V@R�L@MC@SNQX
�%NQ�SGD�jQRS�
PTDRSHNM�NE�2DBSHNM�(((��3@AKD�����D@BG�OQN-
gramme type listed among the possible 
options scored the same number of 
responses (1775). This is because each 
DMSQX�G@C�f-N� MRVDQt�SHBJDSDC�@R�SGD�
default value. Figure 7 thus shows the 
ODQBDMS@FD�NE�QDRONMRDR�ENQ�SGD�jUD�
types of programme, each of which sum 
to 100% of the responses.

The community expressed its strongest 
opinion about the necessity to have regu-
K@Q�NARDQUHMF�OQNFQ@LLDR��CDjMDC�@R�@M�
essential and/or very important channel 
SN�ETKjK�SGDHQ�QDRD@QBG�NAIDBSHUDR��ENKKNVDC�
AX�+@QFD�/QNFQ@LLDR�@MC�/TAKHB�2TQ-
veys with a robust number of preferences 
(Essential, Very Important and Important). 
3GD�NUDQ@KK�NOHMHNM�@ANTS�%HKKDQ�@MC�#HQDB-
SNQ�R�#HRBQDSHNM@QX�3HLD�/QNFQ@LLDR�HR�
less clear: the responses are distributed 
more evenly among all priorities, though 
both have the largest percentage of “Not 
Important” responses (still relatively small, 
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Q:    What  is  most  important  capability  for  your  research  in  2020-­2030?
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Figure 5.�4RDQR�VDQD�@RJDC�SN�
select which facilities will be 

required for their future research 

NAIDBSHUDR
� �SNS@K�NE������
responses were received. The 

 bottom four bars (light blue) make 

up 72% of all responses. 

Figure 6. Bar chart and 

word cloud visualisation 

of the other facilities that 

users will likely use in 

SGD�ETSTQD
� �SNS@K�NE�
4039 responses were 

received. 

�� ���� ���� ���� ���� ����� �����
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)623�

+223�
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Table 3.�0TDRSHNMR�EQNL�2DBSHNM�(((�NE�SGD�$2.����
�4RDQR��/NKK


Section III – Time scheduling and observing modes 

3.1

3.2

How important do you consider the following types of programme for your

QDRD@QBG�NAIDBSHUDR�

6GHBG�NE�SGD�ENKKNVHMF�NARDQUHMF�@MC�RBGDCTKHMF�B@O@AHKHSHDR�@QD�HLONQS@MS�ENQ
XNTQ�QDRD@QBG�NAIDBSHUDR��

2DD�%HFTQD��

2DD�%HFTQD��

���@MC�����QDRODBSHUDKX�
�3GD�L@INQHSX�
of the respondents seem to have no spe-
BHjB�NOHMHNM�@ANTS�SGDRD�OQNFQ@LLD�
 categories, which could also imply that 
their science programmes cannot be car-
ried out as Filler Programmes, for exam-
ple. For Filler Programmes in particular, 

this result will need to be reconciled with 
the ~ 40% preference scored for the use 
NE�jKKDQ�PTDTDR�SN�DWOKNHS�ONNQ�VD@SGDQ�@S�
+@�2HKK@�/@Q@M@K��RDD�%HFTQD���


Next the users were faced with the ques-
tion on the importance of the most com-

mon observing and scheduling capabili-
SHDR�ENQ�SGDHQ�NVM�QDRD@QBG�NAIDBSHUDR
� 
The question was not mandatory and 
asked the users to specify their priorities 
ENQ�D@BG�NE�SGD�SGQDD�L@INQ�$2.�E@BHKHSHDR��
+@Ű2HKK@�/@Q@M@K�.ARDQU@SNQX�� +, �@MC�
SGD�$�$+3
�%HFTQDŰ��RTLL@QHRDR�SGD�
results in terms of percentages corre-
sponding to the number of preferences 
received and normalised to the total 
 number of respondents (1775). Each facil-
ity should be looked at as an independ-
ent entry, since users were allowed to 
select any given option for all three facili-
ties. In other words, if we take the Visitor 
Mode option at the bottom of the plot,  

Q:    What  facilities  are  most  required  for  your  research  in  2020-­2030?
4575  answers  (avg.  3  per  respondent)

ESO  Science  Priorities  -­ II

The  most  desired  facility  not  
being  constructed  by  ESO

October  17:  Spectroscopic  Facility 4
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Australian  decadal  plan  2016-­2025
NOAO:  LSST  best  complement  (Najita et  al.  2016)
French-­Canadian  MSE:  Science  cases  &  proposal  
(McConnachie et  al.  2016)

ESO  working  group…  (R.  Ellis,  Chair  ,  ESO)
ØMissing  facility  with  highest  demand  from  community  
survey    

A  Highly  Requested  Facility

5

Ellis  et  al.  2017:  2017arXiv170101976E



6

Galactic  Science  
The  Milky  Way  as  a  Model  Organism

Ages,  abundances  &  orbits  of  ~50-­100  million  stars  throughout  the  Local  Group

Stellar  chemistry  and  kinematics  as  probes  
of  physical  processes  for  galaxy  assembly

Kinematics  and  ages  of  stars  in  Galactic  
streams  as  probe  of  the  dark  matter  halo

A.  Recio-­Blanco P.  Diez

October  17:  Spectroscopic  Facility
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Four  key  answers  
Galactic  gravitational  potential  and  role  of  dark  matter
Ø 3D  distribution  of  DM  in  Galaxy  and  its  visible  satellites
Ø Evidence  for  low-­mass  dark  halos  (a  key  prediction  of  CDM)
Assembly  history  of  a  prototypical  large  galaxy
Ø Is  this  consistent  with  hierarchical  cosmology?
Ø `Chemical  tagging’  allows  identification  of  widely-­dispersed  
stars  of  common  origin
Stellar  physics  and  origin  of  the  chemical  elements
Ø Connecting  nucleosynthetic  yield  with  star  formation  history,  

gaseous  inflow/outflows
Ø Formation  of  heavy  elements  e.g.  r-­process
Local  group  satellites  as  tests  of  low  mass  galaxy  formation  
models
Ø Connection  to  earliest  sources  in  re-­ionisation era

October  17:  Spectroscopic  Facility
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Illustrative  Survey
R~20,000-­40,000  spectra  of  85M  stars  with  mV<17

Sharma  et  al  2011
§ Stellar  target  densities  at  V~17  range  from  600  
to  10,000  deg-­2  : a  high  multiplex  requirement  
(N~5000)

§ Kinematic  data  can  be  secured  to  fainter  limits
§ Precise abundances  in  1-­2  hours  
§ Such  an  ambitious  survey  would  take  ~5  years

October  17:  Spectroscopic  Facility

Ting  et  al  2016
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Extragalactic  Science

The  major  goal  is  to  chart  the  evolving  3D  structure  of  the  
cosmic  web and  link  this  to  the  assembly  history  and  
chemical  enrichment  of  galaxies  and  their  circumgalactic gas

But  reaching  beyond z~1 to  the  peak  of  SF  activity  is  
prohibitive  with  current  facilities.

SDSS  z  <  0.1

October  17:  Spectroscopic  Facility

Planck  CMB  

➜ ?
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Evolution  of  the  Cosmic  Web  1  <  z  <  4
Ø 6  × 1  Gpc3 redshift  bins  each  containing  106 galaxies
ØMagnitude  limit  ranges  from  iAB~23.1  (z~1)  to  25.8  (z~4)
Ø Emission  line  redshifts  requires  2–7  hrs
Ø Lyα  absorption  tomography  @  z~2.3-­3  also  requires  2-­7  hrs
Ø Concurrent  R~1000  surveys  would  take  400  nights  (3-­5  yrs)
Ø Commensurate  with  e.g.  investment  made  by  PFS

Baryonic  cycle  via  stellar/ISM  studies  @  z~2.5-­4
Ø Higher  s/n~10  per  Å and  R~3000  for  absorption  lines
Ø Targetting iAB~24  requires  20-­50  hrs
Ø Diverting  5%  of  fibres in  parallel  with  Cosmic  Web  survey  
yields  2  x  105 high  quality  spectra  (100  × VANDELS)

Illustrative  Surveys

October  17:  Spectroscopic  Facility
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LSST  and  Transient  Science

§ LSST  will  transform  searches  for  time-­dependent  phenomena,  a  
major  growth  area  in  astrophysics

§ Science  themes  include:
§ Classical  SNe – astrophysics  and  cosmology
§ Rarer  events  – SNe Ib/c,  SLSNe,  GW  events,  kilonovae,  gap  
transients,  tidal  disruption  events…smoking  guns  !

§ AGN  – reverberation  mapping
§ Distinguish  between  follow-­up  of  rare  live  events and  
accumulated transpired  events where  host  galaxy  redshifts  and  
local  environment  properties  will  be  ascertained  

§ ~300000  SNe/Yr – 10-­20  live  events    ~400  transpired/field...

What  Response  to  LSST?

October  17:  Spectroscopic  Facility
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Diameter  >  10  m
FOV  =  5  deg2  (~25  X  VLT,  or  ~25  X  full  Moon)
Nobj =  >5000  LR,  ~5000  HR
R  =  1000-­3000  LR,    20-­40000  HR
Δλ =  360-­1000  nm  LR,  3(TBD)  regions  for  HR
IFU:  FOV>3x3  arcmin,  R~5000,  Δλ =325  -­ 1000  Nm
Non-­science  requirements  (project)
Ø Use  same  LR  spectrograph  for  IFU  and  fibres
Ø Use  E-­ELT  components,  located  in  ESO  site
Ø Enhancing  by    >  10  existing  or  planned  facilities

Science  Requirements  (ESO  WG)

12
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A  Telescope  Option

39 

	
39	

building reducing blue sensitivity. In the case of PFS and MSE, such design 
choices were forced by the existing telescope infrastructure but the WG 
considered it would not recommend this design starting ab initio. 
 
(ii) A novel design published by Pasquini et al (2016) which is based on a 3 
mirror anastigmat capable of feeding simultaneously a narrow field super-MUSE 
and a gravity invariant focal plane with an array of steerable mirrors guiding 
target light into thousands of IFUs across a 1.8 deg2 field. The merit of this 
design is dependent on the appropriateness of using deployable IFUs (see 
below). 
 
(iii) A wide field Cassegrain with a field of view of 5 deg2 at a convenient f/3 focus 
for fibres, also ensuring a compact telescope and enclosure. The image quality 
across the field is better than 1 arcsec over 360-1300 nm. This design also has 
the option of a gravity-invariant remote focal plane with improved image quality 
suitable for a super-MUSE. The versatile concept is illustrated in Figure 11 and 
also discussed in Pasquini et al (2016). The WG finds this design particularly 
appropriate given its recommended parameters in Section 5. 
 

 
 
Figure 11: A 10 metre Cassegrain telescope with a corrected field of view of 4.9 
deg2 which is limited by the maximum size of available corrector lenses (1.5m). 
In the configuration shown, two mirrors mounted in front of the corrector activate 
a 10 arcmin, gravity-invariant, Coudé focus suitable for a super-MUSE (Pasquini 
et al 2016).  
 
2. What role might multiple deployable integral field units play in a next 
generation wide field spectroscopic facility? 
 
Given ESO’s successful investment in deployable IFUs (dIFUs) for GIRAFFE and 
KMOS and a novel design (above) for a highly-multiplexed dIFU system for a 10-

 
 

 
 

 
 

 

 
Figure 4: By inserting two mirrors (M3 and M4) in front of the corrector, it is possible to activate a 10 arcmin central Coudé 
focus, gravity invariant, suitable to host a giant IFU. M5 and M6 will be permanently mounted. 

3. THE RING FIELD TELESCOPE  
 
Although the concept of a three mirror anastigmatic (TMA) telescope is certainly not new, the combination of its large 
FOV, large gravity-invariant focal plane, and versatility makes this telescope extremely instrument-friendly for the 
present purpose. It can also be scaled to any diameter. Specifically, for this case, the central 20 arcminute field, not used 
by the main (Coudé) focus, can host an additional instrument (for instance pick-up fibres for a high resolution 
spectrograph) at Nasmyth, with the advantage that both foci (Coudé and Nasmyth) can be used simultaneously. In 
addition, at the main focal plane several instruments could be used simultaneously, given the rotating focal plane is very 
large.  
 
3.1 The telescope  

 
Our telescope design is based on a TMA design,M1, M2 and M4 are aspheric and the center of the FOV is not available 
to the main (Coudé) focal station. The distance between primary and secondary is  less than 8.6m. M4 is large, but with 
acceptable manufacturing dimensions (3.5m). The whole Coudé platform must rotate to compensate the field rotation, 
but no adapter/rotator is needed. The last mirror, M5, is in the pupil and can be used to compensate for run-out errors of 
the platform and for tip-tilt correction. At F/17.7 it provides a plate scale of 857 microns/arcsecond. The corrected 1.5 
degree diameter FOV is therefore very large (4.6m diameter) and can comfortably pick up the light for several 
instruments. The telescope design is shown in Figure 5.  The instruments are in a gravity invariant location. This design 
does not require  an ADC, although a large and therefore segmented linear ADC could be inserted between M3 and M4. 
 
In principle, the 20 central arcminutes (i.e. almost as large as the Nasmyth focus of the VLT) can be made available by 
inserting a mirror back to back of M5 (thus avoiding vignetting the main focus), and then, through a three mirror system, 
brought to a F/15 Nasmyth location, as shown in Figure 6.  M6 is near to the pupil and could be used also as deformable 

Pasquini et  al  SPIE  9906  arXiv 1606.06494  

Cassegrain design  is  
compact  &  flexible

11.4m  f/0.6  primary  
with  a  5  deg2 f/3  field  
ideal  for  fibres with  
good  images  from  
360-­1300nm.

Gravity-­invariant  f/26  
Coudé focus  with  10  
arcmin FOV  suitable  
for  a  Super-­IFU

Is  a  10-­12m  class  telescope  with  a  ~5  deg2 FOV  possible?
MSE  and  ESO  study

(same  scale)

October  17:  Spectroscopic  Facility
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Corrector  with  Innovative  ADC

F/2.86

14
25
  m
m

Silica SilicaSilica

18
00
  m
m

Aspheric  surface

11:00:33

 Scale: 0.01
Position:  1

     28-Oct-16 

2083.33 MM   

11
.4
  m

F/2.9

2.5  °
Field  of  view

M2  translation  to
compensate  coma ADC  operates  via  modest  

tilt  (<0.3  deg)  of  portion  of  
corrector  and  positioner
around  a  point  5m  in  front

October  17:  Spectroscopic  Facility
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Concept  Telescope
Can  accommodate  all  spectrographs  and  Coudé focus  in  a  compact  enclosure

High  Resolution

Low  Resolution

Coudé train
10  arcmin  FOV
(Super-­MUSE)

October  17:  Spectroscopic  Facility
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Positioner  for  DESI:  10.4  mm  pitch  ➔ >14500  
objects (5000  for  DESI  to  be  produced  by  2017)
MOONS-­type  positioner  allows  each  point  to  be  
reached  by  3  buttons  ➔ can  be  reached  by  2  L-­Res  
and  1  H-­Res  if  10K  L-­Res  and  5K  H-­Res  (2:1)

Concept  Fibre Positioner

From  Kneib 2017:  size  refers  to  
Motor  sizes,  pitch  is  larger
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A  Ω product  (m2 deg2)
Telescope  
Diameter

Central
Obstr.

Aperture² Ω  (deg2) Product

ESO  VLT  (VIMOS) 8.0 0.97 48.75 0.043 2.08
ESO  VLT  (FLAMES) 8.0 0.97 48.75 0.136 6.63
ESO  VISTA  (4MOST) 3.7 0.89 9.57 4.00 38.3
ESO  VLT  (MOONS) 8.0 0.97 48.75 0.136 6.63
WEAVE 4.2 0.88 12.2 3.14 38.3
SUBARU  (PFS) 8.0 0.97 48.75 1.33 64.7
MAYALL  (DESI) 3.8 0.85 8.00 77

Telescope  
Diameter

Central
Obstr.

Aperture² Ω  (deg2) Product

LSST  (imaging  only) 8.2 0.63 33.27 9.62 320
MSE 11.2 0.97 96.0 1.50 144

ESO  CONCEPT  STUDY 11.2 0.86 84.6 4.91 415

October  17:  Spectroscopic  Facility
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Spectroscopic  Surveys  Power
Telescope Area  (m2) Ω (deg2) Nobj AxΩxNobj
AAT/2df 11.95 3.14 392 14700

WHT/Weave 12.2 3.14 1000 38300

VISTA/4MOST 9.6 4.00 2400 92160

Mayall/DESI 12. 8.0 5000 480000

VLT/MOONS 48.8 0.14 1000 6832

Subaru/PFS 48.8 1.3 2400 152256

CFHT/MSE 96 1.5 4200 604800

SpecTel 85 4.9 15000 6247500

Enhancing  by  a  factor  10  the  presently  planned  facilities
+Fully  dedicated!

18
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Concept  Low-­Res  Spectrographs

147.06  MM   

Curved  
(690  mm)
Fiber  Slit
F/3.0

Dichroic

BLUE  ARM

RED  ARM
Curved  CCD  
(200mm)
4K  x  4K
(15  µm)

Tilted  1.45° red
Tilted  2.90° blue

VPH  1000  mm-­1

VPH  910  mm-­1

F/1.1

F/1.1

Module  of  5  such  
spectrographs  would  
accommodate  3250  
fibres

Two-­arm  spectrograph  design  accommodating  650  fibers  at  R~2600
f/3.0  collimator  with  dichroic  splitting  λλ380-­690nm  and  680-­1000nm  
f/1.1  camera  feeding  curved 4K  CCDs

October  17:  Spectroscopic  Facility



F/N 1.1

Focal  Length 110  mm

Pupil 100  mm

Field  of  view  (ɸ) 76  mm

Wavelengths 450  -­ 900

CURVED  DETECTOR
10
0  
m
m

Scale  :  0.3  arc  sec  /  pixels  on  11.4  m  telescope  ~65  
MUSE  spectrographs  for  3X3  arcmin

FAST  CAMERAS    are    a  MUST  
• For  matching  pixel  
• To  reduce  number  of  spectrographs

Schott  FK5 Schott  FK5Ohara PBM2Y

40°Field  of  view

Fast  Cameras,Curved Detectors
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~3-­5000  Objects  at  R>20000  for  a  11.4m  and  3  
spectral  ranges  (Blue-­NIR)  
ØVery  challenging  
ØTrade-­off  between  Nspectro and  Pupil  size  to  be  done..
ØSize,  production,  costs  to  be  studied  
ØCareful  analysis  of  the  Requirements  (second  step  in  
science  cases)  required

Concept  High  Res.  Spectrograph
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Low-­Res  Spectrographs:  (20  cm  size)
Ø~20  (65  for  IFU)  1000  l/mm , θ=15.5  deg,  λc =  535  nm
Ø~20  (65  for  IFU)  910  l/mm , θ=22.2  deg,  λc =  810  nm

High-­Res  Spectrographs:  2000,  2400,  3300  l/mm,  
(3  ranges,  Hα  to  Ca  II  K),  θ=44.1  deg
ØThree  slices  (Nspectro~18):  54  (18  each),  19*26  cm
ØTwo  slices  (Nspectro~12):  36  (12  each),  28*39  cm  
ØNo  slices  (Nspectro~5):      15  (5  each),    56*77  cm

Gratings  and  trade  offs..
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Project  in  Phase  A  from  CHFT  corporation+partners

Maua  Kea  Spectroscopic  Telescope  
(MSE)

Courtesy  of  K.  Szeto,  MSE

Phase  A  Review  end  2017
Phase  B  will  follow
Construction  starting  on  ~2022
(deconstruction  3.6m    CHFT)
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MSE  Requirements
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LMR  spectrograph  (R=2500;;  6000,  ⏀1.0”*)  is  a  
CRAL  (France)  design  package. CoDR June  2017
ØFurther  conceptual  design  development  is  needed  to  
reduce  optics  risks

ØFour-­arm  design
ØOff-­axis  Schmidt  f/2  collimator
ØReasonable  VPH  grating  demand
Ø LR/MR  change  by  switching  dispersive  elements  (VPH  or  
VPH  +  prism)

MSE  Low-­res  Spectrographs(*6)
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HR  spectrograph  (R=40K/20K,  ⏀0.8”)  NIAOT  
(China)  design  package.  CoDR in  April,  2017
ØOptically  challenging  requires  large  mosaic  VPH  gratings

MSE  High  Res  Spectrograph  (*2)

Review  recommended  to  pursue  
alternate  optical  designs  for  the  
collimator  and  dispersion  elements  
to  reduce  risks.
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Should  this  be  the  next  Facility?  YES
ØScientifically  unique  &  transformational  
ØTechnically  feasible  
ØTremendous  Synergies  with  other  facilities,  
especially  ELT,  LSST  

ØHuge  legacy,  versatile..

International  Collaboration
One  million  spectra/week  !

Summary
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