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A new instrument for the 
Nordic Optical Telescope
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Science cases for the NTE (examples)
• Transient phenomena

- GRBs, kilonovae and other EM counterparts of GW sources
- supernovae Ia,
- core-collapse supernovae,
- new transients: FRB , Changing look AGN, TDE, ...

• Other programs where the time domain is important
- reverberation mapping
- exoplanet atmospheres

• Non-transient programs
- AGN hosts
- spectroscopic follow-up of sources from wide-field surveys
- QSOs from Gaia
- Solar System objects

Gamma ray burst at redshift z=4.05
Started 48 min after burst trigger using
ALFOSC

Important drivers: wide wavelength coverage, resolution, 
simultaneous optical and near-IR imaging, rapid follow-up, versatility
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My personal main interests for GRB follow-up
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GRB070306

Prochaska et al. (2009)

GRB080607
Very bright afterglow observed 12 
minutes after the burst

z = 3.04
logNHI=22.7
H2 and CO 
Forest of metal 
lines!
Solar metallicity

AV=3.3 mag
2175Å extinction 
bump.

Bright/massive 
and dusty host
SFR = 10 M!/yr



GRB070306

GRB140506A
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Very distant GRBs
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VERY FAST RESPONSE

Very rapid response (here Vreeswijk
et al. 2007)

Variable absorption lines

Getting an optical spectrum during
the prompt phase would be very
interesting



The NTE concept

• Dual imager
• Single slit spectrograph
• Imagers and spectrograph 

covering from U to K band
• Short re-configuration time
• Independent operation of 

VIS and NIR arms in both 
imaging and spectroscopy
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VIS Imager
Cut-away 
view inside 
imagers

IR Imager

Spectrograph 
cryostat

Cryocooler
Leybold Coolpower

100-5
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Calibration 
unit



Cut-away with 
instrument flange 
removed

VIS Imager 
detector dewar

Spectrograph

Beam selector 
wheel with 

dichroic mirrors
VIS filter wheels

Warm IR wheel 
(partially visible)
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VIS Imager

IR Imager



VIS Imager - specifications

• 6x6 arcmin2 FOV
• Permanently mounted filters

• Bessel UBVRi
• SDSS ugri

• space for 15 extra filters
• 2k E2V CCD with very low RON securing background 

limited performance
(possibly QHY600 CMOS in the beginning)

• Simultaneous VIS and NIR imaging (one filter each)
• Incorporates beam selector wheel and warm infrared 

filter wheel

Limiting magnitudes
(1h, S/N=5)

U=25.0

B=26.2

V=26.8

R=25.2

I=24.4
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VIS Imager

Calibration unit

Warm IR filter 
wheel

Shutter

Beam 
selector 
wheel

Folding 
mirror

Field lens

Dichroic sending light 
to VIS Imager

Filter wheels
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2k x 2k E2V 
CCD

VIS Imager box and 
struts support the 

spectrograph cryostat



IR Imager - specifications

• 6x6 arcmin FoV
• Cold filter wheel with Bessel I, SDSS 

iz, LSST y, VISTA-like ZYJHKs and K+
• Warm filter wheel with four slots for 

narrow band filters with thermal 
emission blocking dipotassium  KDP
• Hawaii 2RG detector

Limiting magnitudes
(1h, S/N=5, AB)

Y=23.4

J=22.9

H=22.6

K=22.4
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IR Imager

Flexure hinge 
for focusing

Camera 
wheel

Cold filter 
wheel

Hawaii 2RG

Dichroic mirror 
sending light to 

IR Imager
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LN2 spare 
tank 



Spectrograph - specifications

VIS arm NIR arm

Grating groove frequency 0.75l/m, Resolution 4000

Grating blaze angle 17.5°

Beam diameter 75mm

Minimum order separation 27”

Wavelength coverage 0.34-0.80µm 0.73-2.25µm

Spectral orders 11 – 25 5 – 10

Camera F-ratio f/3.0 f/3.6

Pixel scale 0.38”-0.42” 0.42”-0.50”
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Spectrograph
SR2: Limiting magnitudes, spectroscopy
Specification: For a point source observed for 1 hour split in 3 exposures, using a 
1.0ʹʹ slit in 0.8ʹʹ seeing and under dark sky conditions, a S/N of 5 per spectral 
resolution element (FWHM) shall be reached in regions of the spectrum almost 
free of skylines (skyline flux <10% of the continuum) and where the atmospheric 
transmission is better than 70% for airmass=1.2 (this then excludes λ<400 nm 
and most of the gap between the J and H bands) for the following AB 
magnitudes: 20.90 at 400 nm, 20.70 at 650 nm, 20.25 at 1200 nm, and 20.15 at 
1600 nm.

We will also have one 1.0” wide and 10” long slit for 
spectropolarimitry.



Spectrograph Collimator used in 
triple pass

Silicon etched grating, 
mount allows flexure 

compensation

VIS arm
320nm - 800nm

IR arm
730nm – 2400nm

VIS and IR arm orders splitted
with slicing mirrors in 

secondary focus

SlitCross dispersion 
with double pass 

prism

Corrector lens
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Observing modes
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Spectroscopy - acquisition

• Acquisition with acquisition camera
• Direct
• Blind offset

• Acquisition with optical imager
• Direct
• Blind offset

• Acquisition with NIR imager
• Direct
• Blind offset
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How we trigger



NOT Transient Explorer (NTE) 2020 24



NOT Transient Explorer (NTE) 2020 25



How we get the data and what we do with it
• The data is automatically transferred to a folder in ftp.not.iac.es. Each

accepted program has its own folder.

• When on duty we manually download the raw data and reduce with 
home made scripts.

• With NTE we will have a pipeline that produces reduced and wcs-
calibrated images (not as sofisticated as what I saw yesterday)
and reduced spectra (1- and 2d files, wavelength and flux calibration –
similar to the X-shooter pipeline).
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When?

• The calibration unit is build. 
• The slit-viewer is being build.
• The prism and collimator lens are under production.
• The spectro pipeline will be delivered by Uppsala (Piskunov). For imaging

we hope to use a pipeline developed by Vitaly Neustrov from Oulo in 
Finland.

• Lots and lots and lots of work in front of us. In particular, the AIT will be a 
challenge, but lots of thoughts and planning are going in to it.

• We are working towards commissioning in late 2022 or early 2023. 
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Extra slides from here
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VIS wheel NIR cold
wheel

NIR warm
wheel

Slit-viewer 
wheel

Slit-wheel Main mode-
selector
wheel

B J KDP R 1.2 arcsec Spec
Selector window

GUI
(filters, slits, …)

Calibration unit
(status, operate lambs, folding mirror)

Sequencer window 1 

Sequencer window 2 

Detector statuses

NTE Status Display

Graphical illustration of the current
setup and light path

Saoimage
Slitviewer with guidestar marked

Saoimage
VIS Imager

Saoimage
NIR Imager

Saoimage
VISARM 

spectrograph

Saoimage
NIRARM 

spectrograph

ToO and 
RRM      
alert 

window

User interface



Atmospheric dispersion 
corrector (ADC)
• Key optical system for NTE

• In the common optical path, always in 
the beam " extreme wavelength 
coverage 320nm – 2.2µm

• Dispersion correction to airmass = 4
• Multifunction

• Dispersion correction
• Focal reduction
• Pupil for thermal blocking
• 2’x 2’ FoV for slit viewer

• Crystal and liquid materials to 
optimize throughput

Slit plane

Vacuum window for 
slit viewer

Vacuum

Ambient

Thermal 
blocking filter

Prisms

Inner rotation
Middle rotation
Outer pipe

Vacuum 
window and 

camera

Field lens

Hyper-
achromatic 
collimator

Spacer 
rod
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Grating mount

• Option to retrofit high 
precision piezo knobs 
for tip-tilt correction
• Allows flexure 

compensation if that is 
deemed necessary 
during commissioning 
• At the first light, fixed 

setup with the cradle 
bolted on the base
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Infrared arm detector housing
Mounting plate with 

thermal isolation

Radiation shield

LN2 tank

Pre-amp

Cold braid from 
the CCC
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Galvanic-thermal 
isolation

Infrared arm detector mount

Hawaii 2RG

Cooling 
braid

Heaters

Temperature 
sensors
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Spectrograph – pre-cooling

Collimator 
mirror unit

IR arm detector

VIS arm 
detector

Pre-cooling 
pipe

Slit wheel 
unit
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Spectrograph - radiation shields

Interfaces to the 
top part

LN2 filling 
pipes

Radiation shield
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The ADC and 
Slit-viewing units 
mounted on 
spectrograph

Slit viewer 
unit

Atmospheric 
dispersion 
corrector 

(ADC)
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Slit viewing unit

• Slit viewer with two filters 
wheels
• Bessel V, R  and SDSS i’, z’ filters
• Neutral density filters
• Focus pyramid
• Wave front sensor

• Pupil imager
• Andor DU-888 EMCCD camera

• S/N=5 limiting magnitudes in 
60s photon counting exposures

V = 23.05, R = 22.82, i’ = 22.25, z’ = 21.24

• Thermal emission blocking

Andor Electron 
Multiplication CCD 

(EMCCD)

ADC

Vacuum 
sealing

Filter 
wheels

Camera optics
Thermal blocking 

filter and field lens Slit plane
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Calibration unit

X-Y table for 
ThAr Lamp

Etalon

Motor drive

Lamps

Beam 
splitter

Integrating 
sphere

Retroreflector 
wheel

Mosaic 
filter
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Spectrograph mounting

Spectrograph weight 
carried by aluminum 

support struts and 
VIS imager box
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Controllers and cabling

Hose wrap

19” racks for 
control 

electronics
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Support arm
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