
Table 1. Top Level Requirements prepared by the HIRES Consortium and comparison with those issued by ESO (ESO-
204697).

	

TLR	 Reference	science	cases	 HIRES	Consortium	 ESO-204697		
(Table	15)	

Spectral	
resolution	

most	cases	
stellar	structure	
IGM	tomog.,	gal.	evolution	

~	100,000	
100,000	(goal	150,000)	
>=10,000	

50,000-100,000	
150,000	(goal	200,000)	
>10,000	

Wavelength	
range	

most	cases	 0.37-2.5	µm			
(goal	as	blue	as	practical)	

0.37-2.4	µm			
(goal	0.33-2.4µm)	

Spatial	
resolution	

most	cases																											
	
solar	system,	protopl.	
disks,	stellar	structure,	
superm.	black	holes		

point	 sources,	 no	 spatial	
information	needed	
nearly	DL	in	K	(goal	NIR)	

point	 sources,	 no	 spatial	
information	needed	
DL	on-axis	at	λ>1µm	

Entrance	
aperture	

most	cases	
	
exoplanet	atmospheres		
	
solar	system,	protopl.	disks,	
stellar	 structure,	 superm.	
black	holes		
dense	stellar	field		
	
stellar	 populations,	 galaxy	
evolution,	IGM	tomography	

1	(single	object)	
	
1	(goal	2)		
	
DL	 IFU	 in	 K	 (goal	 NIR),	 a	 few	
tens	mas	FoV			
	
	
	
DL	 IFU/MOS	 in	 K	 (goal	 NIR),		
a	few	10	(goal	a	few	100)	mas	
FoV		
	

1	(single	object)		
	
2	(target	and	reference)	
	
DL	IFU	at	NIR,	20-200	mas	
FoV	
	
	
	
10	
	

Wavelength	
calibration	

most	cases		
precise	RVs	

<	1	m/s	
Espresso-like	in	the	visual	

<	0.7	m/s	(goal	<0.5	m/s)	
	

Stability	on	
detector	

exoplanet	atmospheres		
	

10	cm/s	night-1		
PSF+detector	<0.1%		

10	cm/s	night-1	
	

Stability	of		
λ	calibration	

redshift	drift	 2	cm/s	(goal	1cm/s)	 2	cm/s	(goal	1cm/s)	

Sky	
subtraction	

galaxy	 evolution,	
reionization,	IGM	

simultaneous	sky	and	target		
spectra	 in	 single	 object	
mode,	 only	 a	 goal	 in	 IFU	
mode	

simultaneous	 sky	 and	
target	 	 spectra	 in	 single	
object	mode,	only	a	goal	
in	IFU	mode	

Polarimetry	 exoplanet	 atmospheres,	
protoplanetary	disks,	stellar	
magnetic	fields	

full	Stokes	vector,	single	point-
sources,		simultaneous	feed	for	
two	spectrographs	

Accuracy	10-3	
Sensitivity	10-5	

the cost-cap imposed by ESO: one or more modules could be built within the 18 MEuros cost cap with the others
waiting for more money to become available.

The design of an instrument operating from the blue to the K band requires di↵erent detector technologies
to be encompassed in the design not to mention the di↵erent required temperature regimes, e.g. cryogenic
environment beyond 1 micron. A modular fibre-fed cross-dispersed echelle spectrograph is considered as a
promising concept to be deeply studied. Such concept has been investigated by the HIRES consortium and is
summarised in Figure 1. It is described in detail in the Blue Book. The light from the telescope is split via
dichroics into N wavelength channels. Each wavelength channel includes several interfaces that feed, through
separate groups of fibres, a dedicated spectrograph module. Each interface and fibre bundle corresponds to
an observing mode. Based on its preliminary analysis, we consider the four spectrograph modules shown in
Figure 1 as our starting point. The wavelength separation between the modules is influenced, among many other
parameters, by the optical transparency of the di↵erent types of fibres available on the market. Therefore, the
di↵erent modules could be positioned at di↵erent distances from the telescope focal plane depending of how
much light loss one is willing to take. The flexibility of detaching the modules from the telescope, allowed by
the fibres, is an important advantage of this design. All spectrograph modules have a fixed configuration, i.e.,
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5.4 Spectrograph Unit Concept Design 

The AΩ-dicing operated at Front/End level somewhat simplifies the concept of the unit spectrograph and allows to use 
existing designs, e.g. ESPRESSO@VLT or PEPSI@LBT, as starting points and templates. The preliminary optical 
design of the YHJ module, chosen as an example, is given in Figure 8. This design has been adapted by the 
ESPRESSO@VLT design. Relevant parameters of both configurations are compared in Table 2. 

  

  

Figure 8: Preliminary Optical Layout of the YJH arm of HIRES 

The YJH arm consists in a common path where the beam is anamorphically collimated and the pupil sliced in order to fit 
on a single large-format R4 echelle grating (1.2 m x 0.2m – same size of ESPRESSO grating). The collimator is used in 
double-pass and compacts the dispersed beam. A set of dichroics separate the bands feeding the optimized camera 
channels (Y, J, H).  

Table 2: Comparison between the HIRES-YJH Module relevant parameters and the equivalent in ESPRESSO 

Parameter ESPRESSO-VLT HIRES YJH 
Input slit length 31 mm 10 mm 
Beam aperture at slit F/10 x F/15 
Main collimator Parabola f=3m double pass 
Collimated beam on main disperser 300mm x 200mm 
Main disperser R4 echelle, 1.2m x 0.2m 
Dichroics and field lenses/mirrors Close to the intermediate focus 
Transfer collimator Sphere f=1.5m Parabola f=2.25m 
Collimated beam after transfer collimator 150mm x 100mm 225mm x 150mm 
Collimated beam after cross-disperser 150mm x 150mm 120mm x 205mm 

Beam on detector F/2.6 x F/2.6        F/1.7 x F/1.0 (IR) 
       F/2.2 x F/1.3 (VIS) 

Detector 10k2   9cm x 9cm        4k2   6cm x 6cm (IR) 
     10k2   9cm x 9cm (VIS) 
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Key	  facts	  (lesson	  1)	  

•  Esigenza	  scien-fica	  (White	  book)	  ,	  specifiche	  tecniche	  (esigenza	  
opera-va)	  

•  IDEA	  !!	  
•  vincoli:	  tempi,	  manpower,	  dimensioni,	  massa,	  materiali,	  detector,	  

costo	  
•  proge8o	  o9co	  (foglio,	  Zemax,	  simulazioni)	  
•  Proge8o	  meccanico	  (FEA,	  CAD	  3D)	  
•  Realizzazione	  parF	  (project	  management,	  system	  engineering,	  outsourcing)	  

•  Montaggio	  parF	  
•  collaudo	  (acceptance	  test)	  e	  prima	  luce	  
•  Science	  verificaFon	  (prime	  pubblicazioni)	  


