. Greenland Telescope

Red de Infraestructuras de Astronomia (RIA)
Promoviendo sinergias entre grandes observatorios espanoles |
23-26 Octubre 2023, La Palma, Canarias

Observar con el
Telescopio IRAM 30m

[ JoN ] X paKo
name system longitude latitude velocity
SOURCE  w3oH eq J2000.0 02:27:03.881 +61:52:24.57 LSR 8.000
/catalog [h] 2.451078 low SET doSubmit NO (F)
iram-J2000 [deg] 36.766172 61.873492 0.0 0.0
[rad] 0.64169075 1.07989616 -2.00 [mm]
L demo/demo . sou CATALOG LINE demo/demo-EMIR.1lin
lineName frequency [GHz] SB /doppler /width /gain [dB] /tempLoad /efficiency /scale
E090 cs(2-1) 97.980965 LI  Doppler 0.050 -13. L L 0.95 0.95 antenna
/Horizontal LI /Vertical LI
E230 co(2-1) 230.537994 LI  Doppler 0.050 -13. L L 0.92 0.92 antenna
/Horizontal LI /Vertical LI
GRUTBRATE (Calibration) [arcsec]  SWIOTAL (Total Power)
/ambient T
/cold I /tPhase 1.000
/sky m
xOffsetC yOffsetC -600.000 0.000
/system projection
/tCalibrate 5.000
/gainImage F
/grid F
BAGKEND nPart resolu. bandw. fShift /receiver /mod /perc /lineName
BBC 1 8000.000 8000.0 0.0 E090 hor LSB
BEC 2 8000.000 8000.0 0.0 E090 hor USB
BEC 3 8000.000 8000.0 0.0 E090 ver LSB
BBC 4 8000.000 8000.0 0.0 E090 ver USB
BEC 5 8000.000 8000.0 0.0 E230 hor LSB
BEC 6 8000.000 8000.0 0.0 E230 hor USB
BBC 7 8000.000 8000.0 0.0 E230 ver LSB
BEC 8 8000.000 8000.0 0.0 E230 ver USB
PAKO\SHOW paKo v 2.0.1
o |

IRAM NOEMA Observatory
IRAM 30-m Telescope

Submillimeter Telescope

@ Kitt Peak Telescope USA

Gran Telescopio Milimétrico

Atacama Large Millimeter Array

. Atacama Pathfinder Experiment Chile

South Pole Telescope

James Clerk Maxwell Telescope
Submillimeter Array USA

®

Pablo Torne

torne@iram.es

Instituto de Radio Astronomia Milimétrica

Iram

Institut de
Radioastronomie
Millimétrique

* Loaded modules

sic (J.Pety, S.Bardeau, S.Guilloteau, E.Reynier)
greg (J.Pety, S.Bardeau, S.Guilloteau, E.Reynier)

pako (Hans Ungerechts)

* In charge of paKo v1.2.3: Hans Ungerechts:
This vers. of paKo 2.0.1: Albrecht Sievers
* Questions? Comments? Bug reports? Mail to:

PAKO> @setup

W-SOURCE,
W-OFFSETS,

W-OFFSETS,

W-SWBEAM,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
I-SHOW,
PAko> i

please review OFFSETS (not cleared
/SYSTEM Nasmyth are cleared: will

sievers@iram.es
ungerechts@iram.es

by SOURCE!)
use automatic values

/SYSTEM Nasmyth are cleared: will use automatic values

After Switching Mode, please specify (again) Observing Mode, e.g., CALIBRATE

paKo Revision
paKo subVersion

doSubmit Queue
PlotStyle
Project

Observer
Operator
Topology
Pointing
Pointing

Operator
LOwW
azimuthCorrection 0.80 [arc sec]
elevationCorrection 0.80 [arc sec]
focusCorrection Z -2.00 [mm]
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Observar con el Telescopio IRAM 30m
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Observar con el Telescopio IRAM 30m

Vision General de Observacion con IRAM 30m”

* 7y
Valido para
muchos
observatorios

Idea de
experimento
cientifico

Escribir Propuesta
de Observacion

Publicar resultados!

nature
Explore content v About the journal v Publish with us v S C i e n C e - re ad y d ata

nature > articles > article

Preparar los scripts
(lenguaje especifico)

Article | Open access | Published: 26 April 2023

Aring-like accretion structure in M87 connecting its
black hole and jet

Ru-Sen Lu &3, Keiichi Asada &, Thomas P. Krichbaum &, Jongho Park, Fumie Tazaki, Hung-Yi Pu,

Masanori Nakamura, Andrei Lobanov, Kazuhiro Hada &, Kazunori Akiyama, Jae-Young Kim, Ivan Marti-

Vidal, José L. Gémez, Tomohisa Kawashima, Feng Yuan, Eduardo Ros, Walter Alef, Silke Britzen,

Michael Bremer, Avery E. Broderick, Akihiro Doi, Gabriele Giovannini, Marcello Giroletti, Paul T. P. Ho,

...Chen-YuYu + Show authors

Nature 616, 686-690 (2023) | Cite this article

42k Accesses | 6 Citations | 15616 Altmetric | Metrics

M. Castillo

Abstract

The nearby radio galaxy M87 is a prime target for studying black hole accretion and jet
formation’Z, Event Horizon Telescope observations of M87 in 2017, at a wavelength of 1.3
mm, revealed a ring-like structure, which was interpreted as gravitationally lensed emission
around a central black hole2. Here we report images of M87 obtained in 2018, at a wavelength
of 3.5 mm, showing that the compact radio core is spatially resolved. High-resolution imaging

shows aring-like structure of 8.4f?:f Schwarzschild radii in diameter, approximately 50%

larger than that seen at 1.3 mm. The outer edge at 3.5 mmiis also larger than that at 1.3 mm. P ro C e S a r I O S d at 0 S R e a I I Za r
This larger and thicker ring indicates a substantial contribution from the accretion flow with (C al i b rac i (’) n + Red u C C i o’ n) O b S e r'v ac i O n e S

absorption effects, in addition to the gravitationally lensed ring-like emission. The images
show that the edge-brightened jet connects to the accretion flow of the black hole. Close to
the black hole, the emission profile of the jet-launching region is wider than the expected

profile of a black-hole-driven jet, suggesting the possible presence of a wind associated with
the accretion flow.

Iram

Institut de

Pablo Torne RIA2023: Promoviendo sinergias entre grandes olbservatorios espanoles | 3 e




Observar con el Telescopio IRAM 30m

Metodologia

e Metodologia de observacion se ajusta al objeto y objetivo cientifico

® Siempre:

Incluir medidas de calibracion: en (sub)milimétrico = instrumentos y atmosfera

- Ajustes de punteria y foco
e Dependiendo de fuente y objetivo:;

- ON + OFF

- Mapping
- Continuous tracking
- VLBI

https://iram-institute.org/science-portal/30-meter-telescope/observatory-system-status-monitor/

Opciones de Observacion con IRAM 30m

Calibrate (Heterodyne)

Pointing X X X

Focus X X X

Tip (Skydip) X

Track fsw
ONOFF psSw WSW

OTFMAP (Heterodyne) otf/psw otf/fsw
Raster

OTFMAP (MAMBO Bolometer) X

VLBI X

Pablo Torne RIA2023: Promoviendo sinergias entre grandes observatorios espanoles | 4
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Observar con el Telescopio IRAM 30m

Punteria, Foco, y Calibracion

e Punteria y foco es para “centrar” la fuente en el punto focal
e Calibracion: calcular y restar la contribucion de los instrumentos y atmosfera

§- '
S
~
~
rS
~
S a
~
~
S
~

v

Zenith Transmission

0.8

O
o

o
N

0.2

Atmospheric transmission for 2mm and 4mm of pwv

[

[

Frequency [GHz]

- |HCO
- | HCN '
I
co‘ I N
I
\ | \ | |
13 cOo | ‘! |‘ ‘,‘ ‘v'
‘ ' i‘ || h'r‘.‘
Il |
o
l |
| HERAZ2 Il
Il HERA l. |
\ I ) |
E090 t[ £150 ‘,UJ E230 H £330
| 1l‘- "‘ || 1 | 1 M‘ 1
100 200 300

Atmosphere

Receivers / Cameras / Target

[\ /

Tant = Gain x ( Trec + Tatm + Tsou )

+ Measure Gain, Trec, Tsky ...

(Tant/ Gain) - ( Trec + Tatm ) = Tsou

!

Simplificacion

+Info: https://publicwiki.iram.es/CalibrationPapers

Pablo Torne
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Observar con el Telescopio IRAM 30m

Punteria, Foco, y Calibracion

e Medidas de contribucion de instrumentacion: "Hot-Cold Method” (or Y-factor)

o A

o ATM = Atmospheric Transmission at Microwaves =

’
’
/4

’
’

')
’
& , --p
'
')
')
’
’
’
'
')
')
’
’
’
’
')
')
’

Zenith Transmission

0.8

O
o

o
N

0.2

mosfera: medida de emision del cielo + estacion meteo + modelo tedrico (ATM)

Juan Ramon Pardo,
José Cernicharo, et al.

Radiative Transfer Calculations

Atmospheric transmission for Zmm and 4mm of pwv
' | ' ' ' ' | ' ' ' ' | ' ' ' : : .
Esquema sistema calibracion EMIR
mm‘mﬁ'ﬂw Sky(A) Sky(B)
W) If
N U AL1 AL2

HCN {I | | MC1 MC2 |
I I |
CO| I ‘ ' N |
| : D12____________\MR21:
13CO ‘j | | I I I

I I
| L R3 R4 B
CS‘ | ‘ | . D13 - -~ - D24
| ‘ |

HERA2 \ | L
aeRAlL :(MR34) : | | : (MR34)I
E090 £150 E230 | | ' I | |

| Bl B3 B4 B2

100 200 CL1
Frequency [GHz]

Pablo Torne
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Observar con el Telescopio IRAM 30m

ON-OFF

e Alternar entre posiciones ON (sobre |la fuente objetivo) y OFF (sélo atmd&stera), y restar

e | a alternancia: mover toda la antena (position) o mover el espejo secundario (wobbling)

Galaxia M82

ON-OFF

Switch: Position, Wobbler

Secondary mirror
_|_

. . IRAM 30m EMIR
Wobbling mechanism

Heterodyne Rx

N

] T T T T T T T T T T T T T T T T ""—,

[ o b
I H,S »

NGC253 o . 30H Hx |
HNCO HZCS l CHSOH - ’ ]
SlO J I‘ | L I{ ‘

WL% et MmeLw&wu e MMWWW MWRW#W W

5 A5
1.3 10 1.4 10 : 1.7 10°
Rest '”'(;’CJGV‘C‘)/ (MHZ)

K. Menten’s MPIfR blog

Pablo Torne RIA2023: Promoviendo sinergias entre grandes observatorios espanoles | 7



Observar con el Telescopio IRAM 30m

On-The-Fly Mapping

e Mover |la antena en un patron predefinido grabando datos continuamente

e Cubre areas grandes de forma eficiente
e Peores sustracciones de atmostera que ON-OFF

On-The-Fly Mapping Telescopes moves around area
Switch: Position and record data on-the-fly

(OFF position every now and then)

Standard on-the-fly map

400 - Y % -
_—— - .+ — — — — — — % —
300 {____,.______...___
200
100
vy
Q
g 0
5
S
-100
-200
-300 L———"‘ —————— * ———
—_—————— — P —— — —— — > —
-480 e e e = - e —— e — —

-400 -300 -200 -100 0 100 200 300 400
X [arcsec]

From Battistelli et al. 2022

Posicion OFF

100

1.15 mm -

80

1 60

40

Galactic Latitude

20

1 1 1 1 1 1 1 1 1
24.5° 24.0° 23.5° 23.0°
Galactic Longitude

IRAM 30m NIKA2 KID Camera Map - GASTON Project Rigby et al. (2021)

Pablo Torne RIA2023: Promoviendo sinergias entre grandes observatorios espanoles | 8
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Observar con el Telescopio IRAM 30m

Tracking

e Apuntar continuamente a una fuente (— jdoble de tiempo on-source!)
e Atmosfera se mide cambiando rapidamente entre dos frecuencias cercanas

® Sin sustraccion atmostérica directa: Very Long Baseline Interterometry, Pulsares

Tracking

Switch: Frequency, Ninguno

Thum et al. (1995)

Torne et al. (2021)

6000 7000

—20 0 20
I I [ ' :
o F #co(z-1) ° o
i £,4]
0 — ] §
- 222
—2 - g
- - £ 2.0 A
G —4 = | | | - E
S F 1 [ [ — 1.8 -
= #co(1-0) ] o
0 _ g
u_§_ 10
L 20
-5 l . . L l . . A l (I) IOIOO 2 OIOO 30l00 40l00 50I00
-20 0 20 Time (s)
Visg, Km/sec
fLO +Af IRAM 30m EMIR
IRAM 30m EMIR Heterodyne Rx Continuum
Heterodyne Rx Spectrum High-time-resolution Time Series
fLO Nf with Frequency Switching for Pulsar Observations
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Observar con el Telescopio IRAM 30m

Observaciones Especiales

* Tiempos técnicos (Medidas eficiencia, Holografia, Modelo punteria, Tests Hardware/Software)
° Very Long Baseline Interferometry (VLBI)

| - Global mm- VLBI Array (GI\/IVA A=3mm), E

IRAM NOEMA Observator:
IRAM 30-m Telescope

Cen A: EHT (1.3 mm)

mes Clerk Maxwell Telesco - i 'S . R -
. N s - w -
Gran Telescopio Milimétrico Submillimeter Array USA f 1 2 v, i ;
H. Rottmann A 1 S5 E A \ A Janssen et al.

Pablo Torne RIA2023: Promoviendo sinergias entre grandes olbservatorios espanoles |



Observar con el Telescopio IRAM 30m

Herramientas de Observacion |: Propuestas

iram

Institut de Radioastronomie Millimétrique

Proposal Management System (PMS)

Ejemplo de propuesta en el PMS

Proposal 159-16 (pdf)

Title: Monitoring of the Galactic Centre Magnetar SGR ]1745-2900 at millimetre wavelengths
PIs: Pablo Torne

Cols: Gabriel Paubert, Gregory Desvignes, Kuo Liu, Ralph Eatough, Olaf Wucknitz, Michael Kramer

Total requested time: 21.0 (Emir)

Abstract:

We propose the monitoring of the Galactic Centre (GC) magnetar SGR J1745-2900 with a 2-week cadence. The main objective is to quantitatively
study the characteristics of its variable emission, including flux density, integrated profile shape, single pulses, spectrum, and
polarization. These observations will provide valuable information about the radio emission process of magnetars, and potentially also about
the dynamic interstellar medium between the Earth and the pulsar (i.e. to the GC). Since the observations of SGR J1745-2900 include the GC
inside the beam with minimal impact in sensitivity, we will also search the data for pulsars, combining the different epochs together to
maximize our sensitivity. The monitoring at mm-wavelengths would be complemented at certain epochs (scheduling permitting) by simultaneous
observations from the Effelsberg 100-m and/or Nancay telescopes, which are currently undergoing similar monitoring programmes of this source.
We remark that the radio emission from magnetars is unstable and can disappear any time, which makes the period of activity of SGR J1745-2900 a
rare opportunity to monitor the source at mm-wavelengths.

Sources and setups
Sources: Download sources ]
Id [?] | Epoch | RA | DEC | Visr (km/s) |
J1745-2900 ]J2000 17:45:40.166 -29:00:29.896 0.0
Technical sheets:

t?:::a. ‘Grade ‘

) Time: 21.00 hours 21.0 A view
Frontend/Backend setups:

‘ Emir

Frequency [?] | Receiver | To* [?]1 | Rms [?] | AV [?]

Setup | Band [?] | Species/Transition GHz band [?] mK mK km/s Backends [?]
1 EO (3mm) Continuum 88.0 LI 1.0 - 0.5 25000.0 BBC, VESPA
20.0
Gl 1 E1 (2mm) Continuum 140.0 LI 1.0 - 0.5 17000.0 BBC, VESPA

e Desarrollo interno IRAM. Sistema integrado en web: https://oms.iram.fr/oms/?pms=frontpage

e 2x "Calls for Proposals” al ano, en Septiembre y Marzo (Winter semester / Summer semester)

e Propuestas: Parte técnica (Rx, Backends,

unings, etc.) y Justificacion Cientifica (4 paginas max.)

e Cada nuevo "Call" se publica un PDF con el estado y capacidades del 30m ese semestre

e Program Committee después de cada Call for Proposals para evaluarlas. Rates A, B o C.

Pablo Torne
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Observar con el Telescopio IRAM 30m

Herramientas de Observacion IlI: Observaciones

("] @ X/ pakKo
e paKo: The Observers’ User Interface
SOURCE W30H eq J2000.0 02:27:03.881 +61:52:24.57 LSR 8.000
" /catalog [h] 2.451078 SET Topology Llow SET doSubmit NO (F)
iram-J2000 [deg] 36.766172 61.873492 SET Pointing 0.0 0.0
[rad] 0.64169075 1.07989616 SET Focus -2.00 [mm]
OFFSETS
. " /f u CATALOE SOURCE demo/demo.sou CATALOG LINE demo/demo-EMIR.1in
_e n g u aJ e e S p e C | I C O RECEIVER lineName frequency [CGHz] SB /doppler /width /gain [dB] /tempLoad /efficiency /scale
E090 CS(2-1) 97.980965 LI Doppler 0.050 -13. L L 0.95 0.95 antenna
/Horizontal LI /Vertical LI
E230 CO(2-1) 230.53799%4 LI Doppler 0.050 -13. L L 0.92 0.92 antenna
" . " 4 /Horizontal LI /Vertical LI
e Usuario debe construir los scripts de observacion ey e ]
/ambient T
/cold T /tPhase 1.000
/sky T
u L] L] u x0ffsetC yOffsetC -600.000 0.000
® SCFIptIﬂg sencillo en general On-The F|y I\/Iapplng
- - - /tCalibrate 5.000
/gainImage F
/grid F
BACKEND nPart resolu. bandw. fShift /receiver /mod /perc /lineName
L] u BBC 1 8000.000 8000.0 0.0 E0O90 hor LSB
e ASTRO: Ayuda a preparar las observaciones (valida setups
BBC 3 8000.000 8000.0 0.0 E090 ver LSB
. BBC 4 8000.000 8000.0 0.0 E090 ver USB
BBC 5 8000.000 8000.0 0.0 E230 hor LSB
BBC 6 8000.000 8000.0 0.0 E230 hor USB
BBC 7 8000.000 8000.0 0.0 E230 ver LSB
BBC 8 8000.000 8000.0 0.0 E230 ver USB
EMIR Frequency coverage: Receiver Tuning EMIR Frequency coverage: Backend * Loaded modules . .
sic (J.Pety, S.Bardeau, S.Guilloteau, E.Reynier)
Recaber 1 147.100 U greg (J.Pety, S.Bardeau, S.Guilloteau, E.Reynier)
eceiver . M51 ° . 1 H
termodiate Frequensy IF1 (MH) 3.,“;: - 7134 2_: Example 1: Single Band observations pako (Hans Ungerechts) | paKo v 2.0.1

ASTRO> OBSERVATORY 30m

ASTRO> TIME 0:0:0 15-AUG-2016

ASTRO> SOURCE M51 EQ 2000 13:29:52.698 47:11:42.93 LSR 471.26

ASTRO> SET LINES PLOT ON

ASTRO> EMIR 147.1 UO /ZOOM 1 Freueney W)

ASTRO> BASEBAND ! Default case D

I-EMIR SWITCHBOX, IF Cable

I-EMIR_SWITCHBOX, IF Cable

I-EMIR_SWITCHBOX, IF Cable

& P e “» I-EMIR_SWITCHBOX, IF Cable

| LN I-EMIR_SWITCHBOX, IF Cable
I-EMIR_SWITCHBOX, IF Cable

I-EMIR_SWITCHBOX, IF Cable

I-EMIR_SWITCHBOX, IF Cable contains FSgENUFS e |

ASTRO> BACKEND FTS NARROW 1% !

4000 5000

Receiver 1 147.100 UO T

Intermediate Frequency IF1 (MHz) [

9000 8000 7000 S | FRBo e £ EX &

T I LA )
R . IR O TR A T
2o v

7000 8000 9000 11000

‘ Exit

* In charge of paKo v1.2.3: Hans Ungerechts: .
This vers. of paKo 2.0.1: Albrecht Sievers sievers@iram.es
* Questions? Comments? Bug reports? Mail to: ungerechts@iram.es

pakKo muestra en una

-SOURCE, please review OFFSETS (not cleared by SOURCE!)
-OFFSETS, /SYSTEM Nasmyth are cleared: will use automatic values

-OFFSETS, /SYSTEM Nasmyth are cleared: will use automatic values Ventana gréfica |a

, After Switching Mode, please specify (again) Observing Mode, e.g., CALIBRATE

configuracion de

paKo subVersion

160 162

1 contains
USB SIGNAL Rest Frequency (GHz)

T
]
1
1
1
contains ]
1
1

contains FIS§EVIO FISBETHO, |
126 127

contains

7000

contains L LI

contains |

& o
I

contains Level

i i | la observacion antes de
ser enviada

H H= H H H H H= HF

Rest frequency (Gl

Project

Observer

Operator Operator

Topology

Pointing azimuthCorrection 0.80 [arc sec]

Pointing elevationCorrection 8.00 [arc sec]
focusCorrection Z -2.00 [mm]

w o | U

4'.."“0.

146
LSB SIGNAL Rest Frequency (GHz) 160 FTS5 EIVUQ FTST ETHUO

146 147 148
Rest Frequency (GHz)

ASTRO Tutorial, J. Boissier ASTRO Tutorial, J. Boissier

El telescopio se controla desde un terminal con paKo,

Ejemplos de preparacion de setup de EMIR con ASTRO via comandos o scripts

Iram

Institut de

Pablo Torne RIA2023: Promoviendo sinergias entre grandes olbservatorios espanoles | 12 ke



Observar con el Telescopio IRAM 30m

Herramientas de Observacion lll: Calibracion

e Atualmente 3 softwares: MIRA, MRTCAL, PIIC https://www.iram.fr/IRAMFR/GILDAS/

e Heterodino: Calibracion automaticam

e Para KIDs: Ficheros de ca

Ibracion, o

Default is to save calibration products under source

calSky + Associated arrays:

MRTCAL> mset output calibration associated ! Default

(calibration)

MRTCAL> file in controld-wilma.30m ! CLASS command
MRTCAL> find ! CLASS command

I-FIND, 8 observations found

MRTCAL> list /toc source ! CLASS command 'Of

Current index contains:

Number of sources...... 2
CALSKY 4 ( 50.0%)
CONTROLD 4 ( 50.0%)

MRTCAL> find /source CALSKY

MRTCAL> get f

MRTCAL> dump
[ ]
ASSOCIATED ARRAYS ------=—=-——————————-
Number of associated arrays: 7
Associated array #1: CALAMBIENT
Associated array #2: CALCOLD
Associated array #3: TREC
Associated array #4: TCAL
Associated array #5: TSYS
Associated array #6: TAUZEN
Associated array #7: FLAG

5000

https://publicwiki.iram.es/PIlIC/

ente en quasi tiempo real
espues se puede aplicar la conversion a unidades de flujo

N2R14 ar2

2OO I T T T T T 1 5

2 10% |

0 —5000 Cal. data for NIKA2 camera / PIIC

150

300 —

g8

100 |- .8 0%, g 8 §o 8 off B

o o O

o® @

200 -

100 |-

O
o©
I w ~ 0.5
Z ‘ o0 i
. . - 4

Main Beam flux | %]

33000 84000

Eemene ' ot
| | ; . '.
1 1 1 Il 1 I 1 L | L 1 1 1 | 1 1 1 - . | " ' . " d
| | | | | | ] ] o | L] Ve |

85000 86000 \‘_ E
B

Rest Frequency (MHz) () | I | | o8

58134 581356 58138 58140
Example from MRTCAL MJD [days]
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Herramientas de Observacion |V: Reduccion Datos

Observar con el Telescopio IRAM 30m

e Software de IRAM: GILDAS suite. = https://www.iram.fr/[RAMFR/GILDAS/

e Para 30m, 3 paquetes principales: CLASS, (CUBE), PIIC (NOEMA: CLIC, IMAGING)
e Muy eficiente, rapido

e | enguaje SIC / Sintaxis poco intuitiva

(Check "Tutorials")

n | | | | , [ | e
e Mantenimiento y Nuevos desarrollos dificiles - U
200 T neap e SRR TR, S iy ~
B e ek | i,-l*»" ok N ot - 10
100 f j -:’i;"-"‘;“*-nl'.','rl‘ii! ] !
O ol 4 it
60 40 20 0 —20 h [ s et e, | ] l%:‘fp il A 1" o |
—100 [ pamrme i - i i e =
| | | T T T | T T T = B __.};_. = ._:—::"':E; u'}.l"f .tﬁl'r : l'?l 1 e _.!!,I | . g L
15 L N —200 ' _?':%;‘:;!:4" h;’%f.;‘.l. ;*i.r”.l.‘ ItﬁE E*’-F Lo — - =10
' C | 1 | 1 1 1 | 1 1 1 | 1 B T
I 400 200 0 —200 Co o o o L
— : |: -1_-_;-| T T T | T T T | 20
1 L . Rk, W -
R L IR e, WU T AR L & R ~
= 100 [ R ﬁfe:ﬁ.@?é?ﬁ'ﬂﬁ :
- O A f!'i'*"iE' ﬁﬁ:""t el 10 o
S o g LRl PSSR =
0.5 1 : S '.*:‘f;;i- e :
5 - it ol o] T A SRR e
: S 100 [ RSl Jﬁgj.jrg-.qf.b_ LT .
[ o= = B ..'i ! .lhl‘l@l| 1 ':I|I fi h 0 QL)
7 r S e T e ) Y g iy 0 <C
0 —200 | S SR TALE, S = T
L . L L | | L L L | ! L L | !
N‘/ \‘U iy o 400 200 0 —200
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https://www.iram.fr/IRAMFR/GILDAS/

Observar con el Telescopio IRAM 30m

Conclusion y Posibles Mejoras

e |RAM30m: Metodologia y herramientas maduras. ratio on-sky alto. comunidad activa = Productividad T

e Documentacion: Actualizaciones, mas variedad de tutoriales, webminars, ...
e Modernizacion del lenguaje de programacion de herramientas internas: “Pythonizacion”

- Facilidad nuevas generaciones, Herramientas extra (e.g., Librerias de Inteligencia Artificial, CARTA, ...)

Gracias por la atencion.
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Observar con el Telescopio IRAM 30m

Ejecucion de Observaciones

Astronomo de IRAM siempre disponible para dar
soporte, resolver dudas,
y garantizar la utilizacion optima del tiempo de
telescopio. Con gran ayuda del operador.
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