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James Clerk Maxwell  
Telescope  

(East Asian Observatory)



Submillimetre Valley



The JCMT is the largest single dish (15 m)  
submillimetre telescope on the planet

0.1 pc

The James Clerk Maxwell Telescope

It is sensitive to cold, interstellar dust:

The birthplace of stars

850 μm







Interstellar Dust 
Far off Galaxies 

Interesting Molecules

Submillimetre Light



Submillimetre Specialties

Why Maunakea? Lack of Water Vapour!

1. Cold dust & gas in the local universe  
(Molecular clouds, pre-stellar cores, debris discs…) 

2. Emission from heated dust at High Redshifts  
(Star formation in the early universe, AGN Activity…) 



The Instruments: SCUBA-2



Beam @ 450um =   9.8” 
Beam @ 850um = 14.6”

SCUBA-2: Submillimetre Common User  
Bolometer Array 2

Continuum Imager: 

850 μm and 450 μm Simultaneously

4 subarrays each consisting of 40 x 32 =

 5120 bolometers at each wavelength



A super-cooled thermometer (0.075 K!)

Bolometers (Really Briefly)

A small change in temperature = a large change in resistance

Light warms up the thermometers, the resistance changes, the current changes!

An alternating current = a magnetic field

We measure the magnetic field and convert it into a power (in picowatts)

Transition Edge  
Sensors



PONG options of: 15’, 30’, 90’, 1°, and 2°

SCUBA-2: PONG Observing Mode

The telescope scans across the sky and 
across the same region at many different 

position angles

Figures From: Holland et al. 2013



Serpens

Ophiuchus

Orion Nebula



For smaller scale maps: 3 - 12 arcminutes

SCUBA-2: DAISY Observing Mode

The telescope scans across the sky and 
across the same region at many different 

position angles

Also used for calibrations

On planets and planetary nebulae!



The Instruments: HARP 
(Heterodyne Array Receiver Programme)



HARP: 325-375 GHz

http://cdsads.u-strasbg.fr/abs/2009MNRAS.399.1026b

Generates Image Cubes

With Velocity Information


For nearly 70 different molecules

(CO, HCN, Formaldehyde…)

HARP is sensitive to a range of  
Frequencies/Velocities

http://cdsads.u-strasbg.fr/abs/2009MNRAS.399.1026b


http://cdsads.u-strasbg.fr/abs/2009MNRAS.399.1026b

HARP: 325-375 GHz 
Stare Mode (Point Sources)

16 Receptors that each  
produce a spectrum!

http://cdsads.u-strasbg.fr/abs/2009MNRAS.399.1026b


http://cdsads.u-strasbg.fr/abs/2009MNRAS.399.1026b

HARP: 325-375 GHz — Jiggle Mode (<2’)
Jiggle those 16 Receptors  

that each produce a spectrum 
around the sky in a grid 

to get a map!

*Jiggles are efficient for  
small maps

http://cdsads.u-strasbg.fr/abs/2009MNRAS.399.1026b


HARP: 235-275 GHz — Raster Mode (>2’)

In this way, we measure

kinematic information


over large areas



The Instruments: Nā maka nui

ʻAlaʻihi  
(Squirrelfish):  

86 GHz

Ūʻū 
(Soldierfish):  

230 GHz

ʻĀweoweo 
(Big Eye):  
345 GHz

Image Cubes 
At 3 Different 
Frequencies!



The Instruments: POL-2



POL-2: Polarimeter

 The long axis of dust grains tend towards  
an alignment perpendicular 


to B-field lines


POL-2 works  
in conjunction with SCUBA-2



Tracing Magnetic Fields  
in Space!



POL-2: Polarimeter

The rotating polarizer allows us 

to measure the polarisation angle

 Chandrasekhar-Fermi (C-F) method
combines POL-2, SCUBA-2, and 

HARP data to calculate 
the B-Field strength

SCUBA-2
HARP/Nāmakanui

POL-2Crutcher et al. 2004,  
ApJ 600:279 Figure: Pattle et al. 2017, ApJ 846:122
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What does the JCMT do?
Submillimetre light is ideal for observing 

 Dust and gas related to the formation of stars

Both Near… …And Far



JCMT/SCUBA image of 
ring of dust particles 

around the nearby star 
Epsilon Eridani. This star is 
similar to the Sun, with the 
dust eventually going on to 
form a planetary system. 

Credit: Greaves et al.

JCMT: Dust



M66 at 850μm 
(red) and visible 
light (white 
background). 

Regions of cold 
dust that appear 
as dark streaks in 
the white image 
glow brightly in 
the red image.  

Right-hand panel: 
The SCUBA-2 
image at 850 μm 
seen on its own. 

Credit: VLT/ESO, JAC, G. 
Bendo



Molecular Line Strength and 
Galaxy Kinematics

M51 – CO 3-2 map by

Vlahakis et al 2013


HARP (16-receptors)



SCUBA Finds First Galaxies
Groundbreaking JCMT result was when we looked at the Hubble Deep Field 
with world’s first submillimeter camera (it had 91 pixels!) at 850 μm (0.8cm) 

Paper has over 1000 citations because of that blob 

This is a galaxy - in fact there are many in this picture - some of earliest ever 
formed in our universe



SCUBA-2:  Cosmology Legacy Survey Blank Field
SCUBA-2 

450
Herschel   

500

140 arcmin2 HST-Candles Blank Field, observed to 1.3 mJy at 450 μm. 
60 SMGs identified with > 3.75σ -> directly resolve 16±7 percent of CIB. 
Statistical stacking of 24μm emitters recovers an additional ~40 percent. 

Average redshift of emitters is estimated to be <z> = 1.3. 

Credit: Geach et al. 2013



SCUBA-2 and Herschel
Complementary facilities: 

JCMT offers higher angular 
resolution 

SCUBA-2 offers longer-wavelength 
data over comparable area 

Extragalactic: sample different 
redshift ranges 

Galactic: sample different core 
temperatures 

Galactic: break degeneracy between 
dust temperature and emissivity

Herschel 250µm
Herschel 350µm

SCUBA-2 850µm



250μm 350μm 450μm 500μm 850μm
NGC 7331: Spiral galaxy that lies about 50 million light years away in 

Pegasus. SCUBA-2 data show details of central dust ring 
Credit: Joint Astronomy Centre, Herschel KINGFISH consortium



JCMT and SMA/ALMA
SMA FOV

ALMA FOV

SCUBA-2 



JCMT and SMA/ALMA



Comet/ToO Observations

Calculate the mass of the comet 

Find interesting molecular Species 

Track changes as it gets closer to the Sun

“Target of Opportunity”  
Observations
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…Telescope Diameter = ~13,000 km

To observe a black hole directly….



But we don’t need  
the whole mirror!

Martin Ryle and  
Antony Hewish 

won a  
Nobel Prize  

for developing: 
Interferometry

D











Image of the far 

side of the disk

Image of disk’s 

underside

Material moving 
toward us Photon Ring
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PI Queue
★ Call for Proposals issued every 6 months for “normal sized” 

projects (< 200 h, but typically ~ 3 — 50 hours) to be run 
during following semester 

★ Current semester:  
21A (1st February 2021 — 31st Jul 2021) 

★ Proposals competitively assessed by Time Allocation 
Committee (TAC) 

★ Successful projects run via “PI queue”: Best project based 
on TAC priority and current weather is observed

https://proposals.eaobservatory.org

https://proposals.eaobservatory.org


A key ingredient of  
observing proposals is the amount  

of water vapour that can be  
present in the atmosphere 
 for your science project.  

 
More water =  

less sensitive data =  
longer observing times!

https://www.eaobservatory.org/jcmt/observing/weather-bands/



Canadian Rules
The total number of hours available to Canada varies based on engineering/commissioning, 

EHT observations, etc., but currently: 


Canada (time for universities providing observatory funding):  
McMaster, Queen’s, U of Alberta, U of Manitoba, U de Montréal 
 
Semester 21A, Weather Grades 1-4: 5.3h 
 
Canada (national time, i.e. open to all Canada-affiliated users - funded by ACURA/NRC-HAA):  
 
Semester 21A, Weather Grades 1-4: 3.9h


(Also, it’s worth noting that the TAC usually aims to over-allocate Band 1-4 time by a factor of something like 
1.3-1.7, to compensate for weather variations, etc.)

https://proposals.eaobservatory.org

But! You can apply for as much Grade 5 time as you want. 

https://proposals.eaobservatory.org


Urgent/Rapid Turnaround Queues
The Urgent Queue is specifically designed for projects that require 
observations mid-semester in a timely manner (and specific arguments 
for the urgency of the project must be provided). The benefit of the 
urgent queue is that the project will be given high priority over regular-
semester projects.


The Rapid Turnaround queue is open every month to target projects with 
short timescales (maximum 8 hours for weather bands 1-4). If you submit 
a rapid turnaround proposal, you may also be required to peer review 
other rapid turnaround proposals. Rapid turnaround projects are treated 
as "queue-filler", so they will be observed only if there are no regular-
semester projects that would benefit from observations in the same RA 
range.

https://proposals.eaobservatory.org

https://proposals.eaobservatory.org


Large Program Queue
★ The JCMT spends 50% of its available science time on JCMT Large 

Programs.  

★ Typically require significant (>200 hours) amounts of time over multiple 
semesters to address important scientific questions. 

★ Proposals competitively assessed by Time Allocation Committee 
(TAC) 

★ Enrolment open to: EAO regions (CN, JP, KR, TW), partner institutions  
(CA, UK), and observer status regions (Vietnam, Thailand, Malaysia, 
Indonesia). 

★ Successful projects run via “LAP queue”: Best project based on TAC 
priority and current weather is observed

https://www.eaobservatory.org/jcmt/science/large-programs/

https://www.eaobservatory.org/jcmt/science/large-programs/


Large Programs:  
Star Formation and Evolution in the Milky Way

Transient

BISTRO

SCOPEALOHA-IRDCs

SPACECHIMPS2

NESSPITCH-BLACK

https://www.eaobservatory.org/jcmt/science/large-programs/

https://www.eaobservatory.org/jcmt/science/large-programs/


Large Programs:  
Nearby Galaxy Surveys

MALATANGJINGLE

HASHTAG DOWSING

https://www.eaobservatory.org/jcmt/science/large-programs/

https://www.eaobservatory.org/jcmt/science/large-programs/


Large Programs:  
Submillimetre Galaxy Studies

S2COSMOS

STUDIESAWESOME

RAGERS NEP

S2LXS

https://www.eaobservatory.org/jcmt/science/large-programs/

https://www.eaobservatory.org/jcmt/science/large-programs/


Data Archive Power

SCUBA legacy 
catalogue continues to 
produce highest number 
of JCMT papers


Especially for non-
experts, key to high 
impact is easily 
accessible, calibrated, 
trusted data


New JCMT legacy 
releases intended to 
continue this trend



JCMT Science Archive

• SCUBA •   SCUBA-2

http://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/jcmt/

★ Public data are available 
and waiting to be analysed! 

★ Science archive of 
advanced data products 
accounts for more than half 
of JCMT publications

http://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/jcmt/


Summary

http://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/jcmt/
★ Public data are available!

★ JCMT observes gas and dust 
both near and far!

★ Very complementary to 
satellite/interferometry data

★ 50% PI queue and 50% 
LAP queue - lots of science!

★ Essential piece of the Event 
Horizon Telescope - black holes!

★ Contact us: helpdesk@eaobservatory.org

http://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/jcmt/
mailto:helpdesk@eaobservatory.org

