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CONCLUSIONS

• Cold mass (1 Ton; optical bench (OB) plus opto-mechanics) 

confined inside a radiative enclosure (Radiation Shield).

• Active cooling (19 heat exch’s) of RadSh. Cold mass passively 

cooled by radiation.

• A previous device (N2GPU; not shown here) provides 

appropriate flow and temperature of nitrogen gas  coming into 

the instrument’s cooling circuits (2 PIDs loops) (see Jean-Louis 

Lizon’s paper at present CEC-ICMC conference “An extremely 

high stability cooling system for planet hunter”).

• N2GPU includes several PID-based, closed-loop stages that 

evaporate and heat the flow up to such a temperature that the 

RadSh and the Optical Bench can work at 138 K.

• N2GPU offers a flexible design for the placement of the driving 

sensors of the closed-loop control of the stages. 

• The ultra-high stability mode was reached by improving the 

placement of driving sensors as well as by properly tuning PID 

parametres.

Requirement Value

Working temperature 138±0.4K

Temperature stability ±0.07 K/day (goal: ±0.01 K/day)

Cool-down and warm-up rate <10 K/h

Vacuum level 10-6 mbar

Liquid nitrogen consumption < 90 l/day

• During commissioning all the requirements were fulfilled.

• Thermal stability –as most critical req- has been reached 

from the very beginning in the commissioning phase, which 

demonstrates how good the thermal concept is.

• Once the requirements were fulfilled, an upgrading phase 

of the system took place just focused on thermal stability 

performance (ultra-high stability mode; enhanced precision 

of the instrument):

• OB stability reached 0.02 K in 1 week (0.07 in 1 month) 

whereas best performance at commissioning was  

about 0.03 K in 1 day.

• Likewise, RadSh stability also improved: from 0,85 K P-

V at commissioning to 0,25 K P-V in operation.

• Very advantageous starting point for further applications  

on ultra-high-accuracy next-generation instruments.

DESCRIPTION

Abstract: CARMENES-NIR is the new high-resolution high-stability IR spectrograph (900 – 1700 nm) built for the 3.5m telescope at the CAHA Observatory. This
cryogenic instrument must work around 138K, which is relatively far away from nitrogen’s boiling point. This cooling system is able to provide to the cold mass (1 Ton
approx.) better thermal stability than few hundredths of degree within 24 hours (requirement: 0.07K/day). The present paper describes the outstanding instrument’s
thermal performance in both its functional mode (commissioning) and ultra-high stability, upgraded mode (operation config). This system implemented at IAA-CSIC, in
close collaboration with Jean-Louis Lizon (ESO), has become a cornerstone within the field of instrumentation related to discovery of earth-like exoplanets.
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OB Thermal stability

< 0.03K/day  

89,5 l/day  

Warm-up rate

< 4 K/h 

FUNCTIONAL MODE (Commissioning)

ULTRA-HIGH STABILITY MODE (Operation)
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< 2 – 3 K/h 

Cooldown rate

OB Thermal stability

0.07K P-V in 1 month
0.02 P-V in 1 week

Radiation Shield performance

0.25 K P-V in 48 h

Radiation Shield 
performance 0.85 K P-V in 15 h


