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Introduction to the JCMT

James Clerk Maxwell Telescope (JCMT)
East Asian Observatory (EAO)

By Team EAO/JCMT

James Clerk Maxwell Telescope

East Asian Observatory
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JCMT

\y ® Operational in 1987

® Maunakea, Hawai'i
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Instruments

® 4 instruments designed to make
use of the sub-mm atmospheric

windows

e SCUBA-2
e POL-2 (with SCUBA-2)

e HARP

e Namakanui
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e Altitude of 4,092m, 14,000’

® inversion layer trapping moisture
below 3000m

o |atitude of 19.8 deg good for
Northern and some souther
hemisphere sources - overlap
with ALMA

® Accessible/infrastructure -
lodging 30 minutes, base facility
2 hours

Ric Noyle / W. M. Keck Observatory




Sub-mm atmospheric transmission as a function of
frequency at the JCMT on Maunkaea

1 I ] ] ] l 1 1 1 || ' 1 || 1 1 ‘ 1 1 1 | ‘ 1 1 I 1 ]

Tau 225 =0.04PWV + 0.017

Tau 225: 0.04 - PWV: 0.58mm - Band 1

Tau 225: 0.05 - PWV: 0.83mm - Band 1/2 Boundary
Tau 225: 0.08 - PWV: 1.58mm - Band 2/3 Boundary
Tau 225:0.12 - PWV: 2.58mm - Band 3/4 Boundary
Tau 225: 0.20 - PWV: 4.58mm - Band 4/5 Boundary
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Sub-mm atmospheric transmission as a function of
frequency at the JCMT on Maunkaea
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Sub-mm atmospheric transmission as a function of
frequency at the JCMT on Maunkaea
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Mean weather hours per month
2003-2019, 4-17 UT
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https://www.eaobservatory.org/jcmt/observing/weather-bands/
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Namakanul HARP

{ d { d H t dy
06,230 and 45GHz  345GHz eteroayne

'\‘i

i utull JCMT:
ACSIS
Digital backend
spectrometer

—>




Credit: R. Hills 2016

Namakanul HARP

operating around operating around Hete rOdyne

86, 230 and 345GHz 345GHz

Source » ,
Front end e
________ Ampl;\tﬂuoddeulated Original Signal
RN “IF System” 77 f//\/\/ equency cair producet
Local OSCi”ator A \ (IntermEdiate Frequency) e ' .1 Signal on original Nthe mixing process.
. h ... b/ » garlr:gltiatrutc)i)é modulation beat_ ‘f ] f
Receiver Y Digitizer /. ‘T
o % .
Mixer produc ’
A%mosphere ‘ N} bea?fch;):en:; R
Local2 Oscillator carrier which reta?ins
_ | Sine Wave the modulating signal.
Calibration Device
- JCMT:
N | ACSIS
\ Detector/Analyzer : Digital backend
Antenna \ /
\ e.g. Spectrometer, y spectrometer
\ -
L . Pulsar search engine.. ,”
Recall that what goes in is an E-M field he 5 P
E(t). System applies some frequency- SeeL - -7 VLBI (EHT or EAVN)
dependent gain, g, to make V(t) = g.E(t), “Back end” R2DBE & Mark6

and output is average of the power

P = <V.V*> over some integration time T.
Mixer image: http.//hyperphysics.phy-astr.gsu.edu/hbase/Audio/radio.html



http://hyperphysics.phy-astr.gsu.edu/hbase/Audio/radio.html

taken from: http://www.astro.umass.edu/~myun/teaching/

radio/heterodyne receivers talk.pdf but many others on

heterodyne receivers.

Principle of Down-conversion

****** VIFZIVLO_VRF‘

to, t 1

> freq
0 Hi Lower Upper
sideband sideband
(LSB) (USB)
SSB Receliver: Single Sideband SSB at JCMT
 Only one sideband makes it through the HARP
receiver. Other (image) sideband rejection 345GHz

(either quasi-optically or at mixer)

DSB Receiver: Both Sidebands are superimposed on "¢ PSBat JOMT

each other at IF output

_ _ _ | 25B at JCMT
Sideband Separation Receiver: Both sidebands N3amakanui

converted to different IF outputs 86, 230 and 345GHz


http://www.astro.umass.edu/~myun/teaching/radio/heterodyne_receivers_talk.pdf
http://www.astro.umass.edu/~myun/teaching/radio/heterodyne_receivers_talk.pdf
http://www.astro.umass.edu/~myun/teaching/radio/heterodyne_receivers_talk.pdf

N
Vetsrceros FIARP

e Single Side Band receiver (SSB)

® |ntermediate Frequency (IF) of 5 GHz

® 14” beam
] ] | L
Beamwidth (14" @ 345 GHz) l;cam spacing (30")~
https://ui.adsabs.harvard.edu/abs/2009MNRAS.399.1026B/abstract " Undorsempled ficld of view (104" @ 345 GHaz) ]



https://ui.adsabs.harvard.edu/abs/2009MNRAS.399.1026B/abstract

Observing Modes

Stare Jiggle Raster

2’ field, 2 'fleld, 6’ field,
30” pixels 6” pixels 7.25” pixels

https://www.eaobservatory.org/jcmt/instrumentation/heterodyne/harp/
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Observing Modes

Stare Jiggle Raster

2’ field, 2 'fleld, 6’ field,
30” pixels 6” pixels 7.25” pixels

https://www.eaobservatory.org/jcmt/instrumentation/heterodyne/harp/
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L /;\ m ®
Stare (—
C»\ /'\ /’\ /’ ® simple mode
VNN AN e good for a compact/point source
C\ (N N > ® center source of a single receptor
U U U
;\ F;\ /‘0\ /0
C/ NN \)
-— Beamwidth (14 @ 345 GHz) Beam spacing (307)
2’ f|e|d, i Undersampled field of view (104" @ 345 GHz)

30” pixels



HARP

HARP4 Jiggle Pattern
:r""-i-"";-""?"-ni ® Used for sources <2’ in extent
l 4| 0 4| 0 4| 0 4| 0
oLl abidonldocidolc L2 e Moves secondary mirror to fill in 30”
| | ! ! ! spacing between HARP receptors to
T A T make 2’ x 2' map
0 Ny Iy T ) I Ty B I _ _
| ! b ! ! & Two main spacings:
i { { { {
L e L o HARP4 - 4 x 4 jiggle, slightly
0 R I I I I undersampled. 7.25” pixels
| | | | |
: i i B e HARPS -5 x 5 jiggle, oversampled,

6” pixels

blue crosses = HARP receptors

2,f|e|d, red lines = pixels in the resuitant map ® (AISO HARP3 -3 x 3 jlggle,

sy s ooy dots = the HARP4 jiggle pattern
6” pixels O = the pointing centre undersampled)



Beamwiadth (147 @ 345 GH2)

- — e —— - — -
sample spacing (7.37)
f - ‘

. ® sources > 2’

e e e eeeealeeeaieeis . ®Scanoron-the-fly
¢ o o 4 ¢ technique
R e HARP array rotated
at 14.04° to scan
o o oe’e o t—d_) | direction, with 7.3”
® & & & & 0 0 e e e 40 p|Xe|S

‘

—

Array scan direction Beam \;n;...;;::%;n")““‘ ® Often repeated With
map pixel poson 900 rOtatiOn tO Create

6 fleld,. . observed map pixel positon Ebasket Weavel maps
[.25” pixels o HARP recepror




12C0 emission towards the Galactic Centre H ARP
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® kinematic data

e Complementary

il 2 . | data for SCUBA-2
Galactic Longitude . o and POL'2 data
analysis

Eden, et al. MNRAS, 498:4, 5936-5951. 2020
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Namakanui

e Spare receiver for the GLT, on loan from ASIAA

® Three inserts operating around 86, 230 and
345GHz

® Used for Pl science and VLBI science

e "U'G operating at 230GHz is opened to the

community from the 22B semester, while

"Aweoweo is currently in commissioning
available for users under Shared Risk

Observing
Name ALMA Band | type of receiver | LO Frequency (GHz)* Output IF
"Ala‘ihi 3 SoB 80-88.2 21F (two pol.. USB)
“Utu 6 258 221-264.6 AIF (two pol., two sidebands)
‘Aweoweo 7 2SB 283365 AIF (two pol., two sidebands)

..
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Sub-mm atmospheric transmission as a function of U U
frequency at the JCMT on Maunkaea
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Tau 225 = 0.04PWV + 0.017

Tau 225: 0.04 - PWV: 0.58mm - Band 1

Tau 225: 0.05 - PWV: 0.83mm - Band 1/2 Boundary
Tau 225: 0.08 - PWV: 1.58mm - Band 2/3 Boundary
Tau 225:0.12 - PWV: 2.58mm - Band 3/4 Boundary
Tau 225: 0.20 - PWV: 4.58mm - Band 4/5 Boundary
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S Original Detection: JCMT 23OG H Z — U u
% | ) ]
| “ LRI ® Dual polarization means more sensitive than

mu HEt T it’s predecessor - RxA3
o e Currently demand seems dominated by
nearby galaxy studies - gas estimates

M51

line:continuum
0.0001
[_ L |
|
r
[_F

0.000
—eee.

RxA3 Science result *

- 35

“ 47°16'

- 30

__-0.0003

14 L o5

Greaves et al. 2020
';4(.) —3|o ‘-.‘;(‘) —1|o c[). - I10 : zlo - '30 | 4|0 -
Venus-frame velocity (km/s)

- 20

12
15

Declination (J2000)

Event Horizon Telescope, 2019
Powehi

10
10°

correcled anlenna lerrperalure (K
Integrated Intensity (Kkms™1)

08'

13h30m10s  00° 29M5(Qs 408

Right Ascension (J2000)

. . e ~ R N
Rudio welotily (L3B) ikin/s)

Above: first light spectrum -
October 5th 2019
Above right: science image of M51
W e e Right: First successful VLBI test
with SMA December 13th 2019




Backend digital spectrometer

ACSIS

* A maximum of 4 DCMs (down converter modules)
can be fed from the same IF in a usable way

32 DCMs available.

* HARP can use 1-2 DCMs per receptor

 Namakanui can use 1-4 DCMs

ACSIS has two kinds of modules. The 250 MHz
module and the 1000 MHz module

250 MHz module
1000 MHz module

The choice of module will impact the resolution of the
final data and how much of the frequency space one
can observe.

https://www.eaobservatory.org/icmt/instrumentation/heterodyne/acsis/
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Backend digital spectrometer - C S
B2
7p
+~ e ACSIS
- ©
N
()
C
=
5
O
_IcL) Spectral BW mode Channel Usable Channels
g windows Spacing Bandwidth
=
S 1 any 250 0.0305MHz ~220MHz 8192
=
-g any 1000 0.488MHz ~930MHz 2048
% N e T e 4 D
- any 440 0.0305MHz ~440MHz 14417
-
| -
0 any 1860 0.488MHz ~1860MHz 3809
ol ol C
E 2 any 250 0.0305MHz ~220MHz 8192
8. any 1000 0.488MHz ~930MHz 2048
O)
5 any 440 0.061MHz ~440MHz 7208
>
S any 1860 0.977MHz ~1860MHz 1904
e e R O
GEJ 3 A spectral window as in one of the four
7] rows above
e
8 any other 250 0.061MHz ~220MHz 4096
g any other 1000 0.977MHz ~930MHz 1024
E 4 any 250 0.061MHz ~220MHz 4096
>
ol any 1000 0.977MHz ~930MHz 1024
-
e
L


https://www.eaobservatory.org/jcmt/instrumentation/heterodyne/acsis/

e Commissioned in 2011

e 10,240-pixel bolometer camera
® 450 ym & 850 pm

e 7/.9” and 13” primary beam

e TES arrays

e Cooled by liquid 3He

e Ancillary instruments:
e POL-2
o FTS-2




® Unlike other instruments at the JCMT
sky subtraction is not performed by
going to an “off position”.

® Sky subtraction comes from estimating
the common mode - e.g. what the
majority of bolometers see in a time
series can be estimated to be sky
background with variations within
attributed to source signal.




http://starlink.eao.hawaii.edu/devdocs/sc21.pdf

G & & @é&Source & o ©
,#
TSO‘U'I‘C(_’
* SCUBA-2
A Sky i W,
sk T} T¢
| l ® Unlike other instruments at the JCMT
Tel - -
; T sky subtraction is not performed by
NtetNsky Lsource Meet L skey going tO an uo.ﬁ: pOSitiOn”.

® Sky subtraction comes from estimating

Time the common mode - e.g. what the
majority of bolometers see in a time
series can be estimated to be sky

oM | | | All bolometers background with variations within

‘ attributed to source signal.

Data value

—0.02.'

| . | | | o ® This leads to higher efficiency, although
- o I some loss of spacial sensitivity.

—0.04t

® Requires creative ways of obtaining
data with multiple bolometers covering
the same patch of sky in a single
observation.


http://starlink.eao.hawaii.edu/devdocs/sc21.pdf

Declination

| : SCUBA-
Es: CV_Daisy Scan Pattern
: o “CV” = Constant Velocity***

Ll ® Ensure coverage of sky both in time and

m spacial domain

: e Covers same positions at different angles

® Maximizes central exposure time but less-

8 uniform depth

: e Good for (e.g.) point sources

® High sensitivity in 3’

M T A T e ® Uneven coverage but still good to 12’

Right ascension
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Galactic latitude
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SCUBA-

e Upper: Crowded Galactic Plane
Field (JPS)

e Middle: Nearby Galaxy (NGLS)

e Lower: Cosmological Field (CLS)



Sub-mm atmospheric transmission as a function
of frequency at the JCMT on Maunkaea SCU BA'2

| 1 Bl 1 L) | Ll 1 | 1 I

Tau 225 = 0.04PWV + 0.017

Tau 225: 0.04 - PWV: 0.58mm - Band 1

Tau 225: 0.05 - PWV: 0.83mm - Band 1/2 Boundary
Tau 225: 0.08 - PWV: 1.58mm - Band 2/3 Boundary
Tau 225:0.12 - PWV: 2.58mm - Band 3/4 Boundary
Tau 225: 0.20 - PWV: 4.58mm - Band 4/5 Boundary

Atmospheric Transparency
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Continuum + linear polarizer http://www.submm.caltech.edu/cso/weather/atplot.shtml
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Herschel

Dec. Offset (arcmin

2 0 -2 -4

R.A. Offset (arcmin)

STUDIES
program:
Wang et al. 2017

Credit: James Dunlop

SCUBA-

e Powerful galaxy mapping machine
e Candidates for ALMA follow up

TY'TYI | T YIITYII 1 IYYITII l ‘llTlf] | 1 llTlll[
1000 ¢ 1 =
- 1.0 3
2.0
100 WV
E z=40 3
g 10 3 : g=7T0 =
g | AL
> 1 N
ca :
o =
QL
6. B
w 0.1 =
k= -
=
.. . | 4 Y ,l' e, =) o]
0.01 E \3 V‘Vi ‘-.\ ";?:;., iz g
0.001 —4
0.0001 g l =
- |1 -

100

Wavelength [mm

The continuum emission of Arp220 at mm-wavelengths,
redshifted at various z. Because of the negative k-correction,
which compensates the luminosity distance term at z>1, the flux
density is constant at 1 mm.

https://www2.mpia-hd.mpg.de/homes/decarli/science.html



POL-2

7 \J * Linear polarimeter
L, =g + SCUBA-2 backend required
I "W - 3 optical components in “blades”:
e Calibrator (~100% polarization)
» Half-wave plate (HWP).
Continuous rotation of this
modulates polarization, allowing
removal of atmospheric effects.
Transmission at 850pum ~ 86%
* Analyser
» Jotal effective 850um transmission
~ 14%




Aligned
Unpolarized molecules Polarized
light light
g . ‘ g —

 Magnetic Fields Align
Non-Spherical Dust

Grains
Polaroic * By looking at polarized
fiter light, we can “see”
Unpolarized Pelariend magnetic fields.

starlight starlight

 True for visible, IR, sub-
mm, etc - with the
caveat that the
polarization we detect at
sub-mm wavelengths is

perpendicular to the

"2 S Aligned dust magnetic field direction.

grains
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Example of POLCV_DAISY scan pattern (15 mins: Mars)
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POL-2

POLCV _DAISY scan pattern

e With SCUBA-2 as the detector POL-2
requires constant scanning similar to
SCUBA-2

e Covers same positions at different angles

® Motion of spinning wave plates means that
SCUBA-2 must scan more slowly to enable
good sampling.

® coverage area good for central 5’



Sub-mm atmospheric transmission as a function of
frequency at the JCMT on Maunkaea
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Tau 225 = 0.04PWV + 0.017

Tau 225: 0.04 - PWV: 0.58mm - Band 1

Tau 225: 0.05 - PWV: 0.83mm - Band 1/2 Boundary
Tau 225: 0.08 - PWV: 1.58mm - Band 2/3 Boundary
Tau 225:0.12 - PWV: 2.58mm - Band 3/4 Boundary
Tau 225: 0.20 - PWV: 4.58mm - Band 4/5 Boundary

Atmospheric Transparency
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Continuum + linear polarizer http://www.submm.caltech.edu/cso/weather/atplot.shtml



http://www.submm.caltech.edu/cso/weather/atplot.shtml

-13°48'00" @

49'00" B

Declination (J2000)

51'00" S

50'00" Eig

274°45'00"

4 ; "”?? s &

' & Pillar 111

%P,illar 1l

e e [ e
-l \
) X
¥ \
‘I
]
g

Pattle et al. 2079 Right Ascension (J2000)
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Pattle et al. 2017 - BISTRO

POL-2

e Main area of focus
understanding the
role of magnetic fields
In star forming
regions.

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



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

Primary and Secondary I\/I|rrors

I §

remote controlled
Tertiary Mirror Unit (TMU)

Inside the recelver cabin

POL-2  __ SCUBA-2

outside the receiver cabin

Data ready for data reduction
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