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Introduction
•FMOS – Fibre-fed Multi-Object 
Spectrograph

• New ground-based near-IR 
instrument

• Sept ‘07 - integrated in the NAOJ 
Subaru 8 m Telescope at Mauna 
Kea, Hawaii

• The FMOS name comes from the 
“ECHIDNA” fibre optics array 
which transmit light from the 
telescope’s prime focus to the 
spectrograph and IR camera

• RAL is responsible for the camera 
dewar which sits partially inside 
the spectrograph 
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Requirements (1)

Parameter Spectrograph Camera Detector 
Life 10 years 10 years  
Absolute temperature 190 K-200 K <77 K Controllable within 

range 70 K<T<77 
K  to accuracy of 

0.1K 
Temperature stability 1 K/5mins 1K/min 0.1 K/hr 
Temperature drift over 
life 

+/-2.5K N/A 2K 

Temperature gradient N/A 
stability: stable to 

1K/5mins 

200 K - 77K (TBC) 
stability: N/A 

0.1 K 
stability: stable to 

0.01 K/min 
Maximum cooling rate 
for lenses 

10 K/hr 10 K/hr N/A 

Maximum cold-warm-
cold cycle time 

48 hrs <1week <1week 
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Requirements (2) - Optics Temperatures

IR Filter <148 K

Rear Lenses 
<118 K

Components in direct 
view of the detector  
<TDetector+10 K

These derived requirements are all to 
limit the background IR loads from 
camera into the detector

Camera 
Window 
200 K

L1 & L2
  L3  L4 L5  L6

Detector 
70-77 K

Front 
Lenses
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Thermal Design / ESARAD Geometric 
Model

Vacuum Vessel, 
Stainless Steel GN2 

fill during warm up 

 

Thermal Shroud, 
Copper - Bare outer 
surface & black on 
inside (?=0.9). LN2 
cooled for faster 24 
hour cooldowns 

Window mainly operating in 
200K environment 
 

Rear Lens Group 
(90K to 125K) 
 
 

Detector (70K to 77K).  
Actively controlled.  
Mounted on Copper block 
for isothermalisation and 
attachment of controlling 
heaters and thermometry 

Filter <125K 

Front 
Lens 
Group 

Camera Barrel, Stainless Steel, 
polished outer finish (? =0.03) 
Black on inside. Low conductance 
mounts. Electrical resistance 
heaters. 
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Thermal Design – Copper Thermal 
Straps

 2-stage Sumitomo CH-210 Cryocooler 
(not shown) has a set of copper thermal 
straps from each stage to cool the CCD 
and lens barrel

2nd Stage Straps

1st Stage Straps
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ESARAD Geometric Model (Cross-
Section)
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ESARAD Geometric Model – Lens Shells
Rear Lens Pack – Spherical Shells
(defined by points)

• Real life surface follows a 
parabolic equation rather than 
a spherical section

• Not often critical in projects 
but perhaps shell surface 
definition by equation could be 
a useful addition to ESARAD

Rear Lens Pack – Assembly
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ESATAN Thermal Math Model

• 2003 - ESATAN v. 8.8.5 and ESARAD v. 5.6.1
• 2005 - ESARAD v. 5.6.1 and ESATAN v. 9.4.0

• 250 nodes (2001 version had 900)
• 16,000 GRs and  800 GLs
• Temperature dependent material properties used from TEG thermal database.

• Cooler heat lift and temperatures set boundary nodes from arrays 
representing the 2 stages of the CH-210 Sumitomo cryocooler.

• ESARAD treats lenses as thermally opaque.
– Lens shells are active outside and inactive inside. Rays stop at that surface.
         Lens transmission modelling in ESATAN following:

                    QRLn  = τLn-1 . .(Teσε Ln
4
-TeLn-1

4) / ALn

• 3 annular ring nodes used for temperature gradient across lens.
• Approximation used for GL node for centre node to second ring node as this 

shape is difficult to derive.
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RAL AIT (1)
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RAL AIT (2)

Testing of the Camera 
without Spectrograph in 
room temperature at 
RAL

LN2 pre-cooling

GN2 + heater warm-up

Detector overheating 
from feedback sensor 
error

Strap/sensor 
attachment
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Results – RAL Lab Cooldown

FMOS Camera Cooldown - Start 7/7/05 11:25 End 11/7/05 16:00(ish) No LN2, RAL Lab
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FMOS Cool Down Temperatures, (Laboratory)

LN2 , SUMITOMO CH-210 cryocooler cold head on 
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Results – Lab Warm Up

FMOS Camera Warm-Up Start 16:00 11/7/05 End 15:00 14/7/05, RAL Lab
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Results – Lens 6 Cool down
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Cryogenic Testing - RAL Results

 (Estimate) 180190Lens 1 Centre
150Lens 1 Mount

117.7<148Filter Centre

84.4-Filter Mount
76.1< 87 Lens 6

284.9200Front Window

-
-

70-77

70-77

Requirement  
/ K

37.4
45.2
70.0

70.0

Lab (Room 
Temperature) Actual / 

K 

Coldhead 2nd stage
Coldhead 1st stage
Copper Block

Detector

Part Cooldown with LN2 = 24 hrs

(without predicted 60 hrs)

Warmup with GN2 = 65 hrs

Steady State Transient
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Lens Barrel GFF Temperature Overlay
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Oxford University  - In Spectrograph

After testing at RAL, 
Front of the camera 
placed into the 
spectrograph at 
Oxford University

The back of camera is 
in a 273 K room 
whilst the front 
lies in the 200 K 
spectrograph
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Subaru Telescope Integration (1)

Camera and 
Spectrograph 
shipped and fitted 
into Spectrograph 
Room in 8 m 
Subaru Telescope, 
Mauna Kea, Hawaii. 
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St. steel lens barrel:

•  Motor harnesses 
(white cables) 

•  1st Stage copper 
straps with flexi-
braid cooling the 
stainless steel 
structure

Subaru Telescope Integration (2)
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Subaru Telescope Integration (3)

Spectrograph 
Structure with 
Main Mirror

Camera Dewar
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TEG RAL Ground Projects – VISTA 
Camera
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Contact Details and Further Reading

Allan Dowell

RAL, Thermal Engineering Group:  www.sstd.rl.ac.uk
/thermal

Email: A.Dowell@rl.ac.uk

Websites:
RAL FMOS Project:                         www.sstd.rl.ac.uk/FMOS
Subaru Telescope:                                                       www.naoj.org/
Durham University:          www.cfai.dur.ac.uk/fix/projects/fmos/fmos.html
AAO:                                              www.aao.gov.au/local/www/echidna/
Oxford University:                          http://www-astro.physics.ox.ac.uk/research/

Papers
Lens 6 etc: SPIE, 6273, 76, 2006, Froud et al.
IRS2 integration: SPIE, 6269, 136, 2006, Dalton et al.
FMOS overview: SPIE 6269, 43, 2006, Iwamuro et al.
VISTA Camera: SPIE 6269, 30, 2006, Dalton et al.
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