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Analysis

 Maria Rioja: SFPR and FTP methods

» Sensitivity through Coherence
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Anal

+ Maria Rioja: SFPR and F il

o Sensitivity through C
(120-fold increase (300% In diameter)

cf 4-fold in BW (40%))

e Astrometry — Weak Sources
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e Astrometry — Wee



Continuum

* Jose Luis on Science: Very interesting probes of
the AGN |et physics, particularly with registration
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FARADAY ROTATION STUDIES FROM MULTI-FREQUENCY OBSERVATIONS

2D Histograms
BL Lac

Nov. 2013

f,

Jose Luls

The core area shows a point symmetric structure in RM
t q e A N and EVPA, as shown in the 2D histograms as a function

of position angle wrt the core in the selected area.

The polarization
structure is consistent

ith the existence of :
Sol on M Tk (ke exiotence of

threading the jet.
complete

Gomez et al. (2015, submitted)

Pablo on Pulsars: Exploration of the unknown




FARADAY ROTATION STUDIES FROM MULTI-FREQUENCY OBSERVATIONS

— 2D Histograms
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Pablo on Pulsars: Exploration of the unknown



FARADAY ROTATION STUDIES FROM MULTI-FREQUENCY OBSERVATIONS
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FARADAY ROTATION STUDIES FROM MULTI-FREQUENCY OBSERVATIONS

BL Lac
Nov. 2013 !f

:::::

Jose Lul
the AGN

BL
BlackHoleCam H@
C

Solon M
complete <

t\_‘,/{

Pablo on e

8!

»  2:19:25/3:27:11

2D Histograms

Efforts to test General Relativity and
other theories of Gravity by imaging
directly Sgr A" with mm-VLBI

Includes the search for pulsars around

Sar A". complementing the results by

the black hole imaging. Pulsars

BlackHoleCam

potentially allow ro measure the mass,
spin and quadruple moment of the
black hole with unn

(see Psaltis, Wex &

Global collaboratio

Event Horizon Tele:



| INes

e \alentin on evolved stars:

e Luca on SFR:




e \Valentin on evolv

e Lucaon SFR:

——

Apparently similar distributions

> Aﬂ |ta O ﬂ m U |t| p | e but v=2 ring is slightly smaller and peaks very rarely appear i

CondlthﬂS ) 2:32:09/3:27:11




e \Valentin on evolv

e Luca on SFR:

Apparently similar distributions

- An Ita on mu |t| p | C but v=2 ring is slightly smaller and peaks very rarely appear |
.
Cond |t|OnS M ) 23209/32711 .,




e \Valentin on evolv

i o) 2:4810/327.11 l' o B =

e Lucaon SFR:

Apparently similar distributions

& An Ita on mu |t| p | € but v=2 ring is slightly smaller and peaks very rarely appear i
s,
con d |t IONS M ) 2:3209/32711 .




e Valent

Av:mum_k,mm

e Anitac
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e Lucac

e Anitac
condit
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Shrinking of brighter masers
« Component _[ T T AL ————————— S S
SiZe s

« Intensity /,

» Brighter
sSpots are
smaller

Mlux deraity (mJy)
, 1001000 10* 10%00 1000 10* 10*

Vi gn (km 57")

s« 1/sqrt [In(/,)] | « “Amplification-bounded” beamina
from ~spherical

. Richards+11

N 807731529




e Valent

e Lucac

Component
size s

Intensity /,
; Brigh
e Anita c sgaﬁtsﬁe
smalier
condait

Nux deraity (muy)
100 1000 10* 10%00 1000 10* 10°

Why astronomers need water

« We are wet (& mostly made in
stars)
« Stars are wet!
« Water masers reveal
kinematics
- Dust formation zone (with S:0)
" o Nucieation to full-size
N TEO7INS2Y . W v = Acceleration zone
AN Evolved star winds have simpler
kinematics thag XSQs!
thag Qs
- Best laborato)
comprehensit®




Reports

e Thomas Kr

« DY Byun




First VLBI fringes with phased ALMA at 86 and 230 GHz
(Aug. 2015)
ALMA-VLBA @ 86GHz ALMA-PicoVeleta @ 230GHz

e Thomas Kr

DY Byun

e Robert Lainc

- ) 504539599

e Alexey Rudnitsky

 VLBA (Thomas)




First VLBI fringes with phased ALMA at 86 and 230 GHz
(Aug. 2015)
ALMA-VLBA @ 86GHz ALMA-PicoVeleta @ 230GHz

First 4 Band SFPR Map towards VY CMa

VY CMa (2015.3.16) | | SI0 v=1, =10
SiO v=2,J)=1.0

homas Kr

DY Byun

| S0 v=1, J=1-0

Robert Laing S | ——

Cho et al. in Prep

) 1:12:25/31529

Alexey Rudnitsky

VLBA (Thomas)



First VLBI fringes with phased ALMA at 86 and 230 GHz
(Aug. 2015)
ALMA-VLBA @ 86GHz ALMA-PicoVeleta @ 230GHz

e Dictionary
AUMA

ALMA Phasing Project
- Hardware and software to use ALMA as a phased array
- Led by MIT/Haystack, with NRAO; MPIfR and OSO in Europe; ASIAA, NAOJ
- Majority funding from NSF + in-kind contributions
Event Horizon Telescope Collaboration
— Collaboration for VLBI at 230 (and 345?) GHz
- Prime targets are Sgr A* event horizon and the M87 jet
— New receivers for existing telescopes (NSF+)

S , BlackHoleCam
. . , - ERC synergy grant
RO be rt I_al nC R — Black hole imaging + pulsars + theory
~ o)) 50453
Infrastructure for VLBI at (sub-)mm wavelengths
- Open facility for VLBI at wavelengths of 7mm or below.
- GMVA

Alexey Rudnitsky® T

homas Kr

DY Byun

VLBA (Thomas)



First VLBI fringes with phased ALMA at 86 and 230 GHz
(Aug. 2015)
ALMA-VLBA @ 86GHz ALMA-PicoVeleta @ 230GHz

Dictionarv

Multifrequency observations with
ALMA: Subarrays

homas Kr

* 4 independently-tunable subarrays
— Main array + ACA
— Software currently being tested
— In principle up to 6 subarrays (= number of laser synthesi
— One phased sum

Robert Lain( - * Strictly simultaneous observations
4

) 504513 — Possible using different subarrays

- In principle, can use paired antennas observing ghaiffars
frequencies to correct phase (CARMA C-PACS;

Alexey Rudnitsky‘T‘_ 2010)

DY Byun

VLBA (Thomas)



First VLBI fringes with phased ALMA at 86 and 230 GHz
(Aug. 2015)
ALMA-VLBA @ 86GHz ALMA-PicoVeleta @ 230GHz

Dictionarv

Aﬁ,,j . Multi-frequency Imaging

homas Kr

o Ai If brightness I, in a given point (X, ¥,) can be represented as

Vi @pq
- lkpq = (IO)pq — ’

Vo
Then the spectral index @, = @(x), ¥4) can be represented as
_ ChTpq. o
Iipg = (10)pq€™*“?1 =~ (Ig)pqe(1 +

Robert Laing 555 I and, hence, (11)pq= @pq(I0)pq

9 5045 /3

DY Byun

Considering metrics as

Alexey Rudnitsky;r’_

A dirty map in a give point will be:

Vl— BA (ThOmaS) (Dm)pg = S Dipq(Bi)™ — K M_IM_lka-m-l(ﬂk)"' (To

) 2:09:25/315:29




First VLBI fringes with phased ALMA at 86 and 230 GHz
(Aug. 2015)

ALMA-VLBA @ 86GHz ALMA-PicoVeleta @ 230GHz

ML DIF X fourtnt

Dictionarv

A»;. . Multi-frequency Imaging

homas Kr
VLBA Funding Cli

2012 Portfolio Review: NSF divestiture

DY Byun

NRAO/AUI response is here. 50% divest

hitps:.//www.nrao.edw/pr/2012/port

RObel’t La|n€<bﬁ-- | NRAO/AUI are pursuing other sources of

9 5045 /3

USNO daily EOP obs. Sponsored propos

A'G)(ey RUdﬂltSky — AUI contract to manage NRAO is being r

Results will be known before 2016.

V|_ BA (ThomaS) Post-2016: VLBA open-sky time is likel

Scheduling will be more complicated.



DY Byun
Robert Laing

Alexey Rudnitsky:;_

VL

homas Kr

ALMA-VLBA @ 86GHz

ML DF X fourtnt

g
- ) 504573

BA (Thomas)

First VLBI fringes with phased ALMA at 86 and 230 GHz
(Aug. 2015)

ALMA-PicoVeleta @ 230GHz

Dictionarv

Multi-frequency Imaging
VLBA Funding Cli
VLBA Recent Upgrade

science.nrao.edu/facilities/viba/publications/men
C-wide 4-8 GHz, Methanol masers: Galactic
K band HEMT amps replaced, now 70K Tsys:
RDBE Backend, Xcube network switch: PFB,
2 Gbps recording: MK5B/PFB, vdif/DDC to
Tsys, pulsecal, SEFD calibration: all vi:

VME control computer & pointing replace
in progress.

VLBA is over 20 years old. Current f

Reliability of Operation
Maintenance of Infrastructure
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e Andrel

e Dodson

w2~ SFPR for Imaging at 86 GHz

Hadoamtronorme

J Combined aspects of imaging at 86+ GHz makes SFPR
a very attractive option for AGN and BH studies:

e e o
onv SFPR GMVA/EHT

Fringe spacing
Scattering

AGN opacity

Phase noise

Effective antenna area
SEFD

Amplitude noise
Filling of uv-plane
Effective structural sensitivity
Effective dynamic range
Effective resolution

o« v! 1/3 (1/3)
o« v 2 1/9 (1/27)

o v ! 1/3 (1/81)
o y*! 10/1 (10/81)
vﬂj/l




< : h e SFPR for Imaging at 86 GHz

J Combined aspects of imaging at 86+ GHz makes SFPR
a very attractive option for AGN and BH studies:

Imaging consideration: Generic dependence  86/230 GHz:
s emsdeion: | Geneieomedene |

l
!

[

|

Fringe spacing o« v} 1/3 (1/3)
Scattering o« v 2 1/9 (1/27)
AGN opacity « y! 1/3 (1/81)
Phase noise « v*! 10/1 (10/81)
Effective antenna area o« y~1/2 v3/i1
SEFD
Ampl
y Filling r { ™ ,\\.'-"'..'\ “.'/\Jﬂvh‘!' TN ,‘w”f,'h“ﬁ f‘ | ""‘fl 'J'&’."V.-'( ’ M
* Andrel A S

e Dodson




Hargware




\ I\ d ream 3 more 21m radio telescope for E-KVN

Han x2

Jung
Orfei

Pisano



Han x2

Jung
Orfei

Pisano

AY | y dream 3 more 21m radio telescope for E-KVN

Dream comes true !!!!!

Losses of transmission and reflection at at LPFs

’

5. 30 (Transmssion oe




} more 21m radio telescope for E-KVN

Losses of transmission and reflection at at LPFs -

Three Phase Referencing Methods in KVN

FPT + FAS
FAS conventional PR | 1. phase scaling of calibrator
2. apply conventional PR

FPT
Frequency Phase Transfer

Calibrator Target
Target

Calibrator Target .
*®

Ma7 -y "1

1 K\.’ FJ

) o Live



\ l\ (l ream 3 more 21m radio telescope for E-KVN

Dream comes tr

Losses of transmission and reflection at at LPFs

Three Phase Referencing Methods in KVN
FPT + FAS FPT

FAS conventional PR 1. phase scaling of calibrator
y S PHIES ) ‘ Frequency Phase Transfer
2. apply conventional PR

alibrator

Me7

Jung
Orfei

Pisano




\ I\ d ream 3 more 21m radio telescope for E-KVN

Dream comes true

o".-.
\....

Losses of transmission and reflection at at LPFs

esh Trichroic for triple-feed simultaneity: Conceptual idea

Han x2

Jung

Orfel

v, T Av,
- The frequency-dependent differential phase-shift, respect to a
(ex: centre), would create the required off-axis phase-fronts a

- Real converging beams will require additional optimisation




M y dream 3 more 21m radio telescope for E-KVN

Dream comes true !!!!!

o
LS

Losses of transmission and reflection at at LPFs

Mesh Technology: Manufacture 1/2
Han x2

Jung

Orfel

The manufacturing process

. » Copper evaporation on polymer substrate
P | San O » Photolithographic etching to form metal grid pattern

* Randomly oriented grids precisely spaced and

(€X mounted together to form a single composite filter.

- Res * Air/vacuum gap filters use annular metal spacers

‘s 3:06: ‘t; 2:54:10 / 3:15:29



Hargware

e Hovatta




Hargware

Multifrequency setup

* All hornsin a single
cylinder

* Switching between
H Ovatta : - frequencies done by
/R M 3.61 43 GHz changing pointing offsets

\ — Between 43-86 GHz takes
" about 0.9-1.2s depending
N eStl ' on elevation
— Addition
period o

Short en
transfer

Mirosla

Alef
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Hargware

Istituto Nazionale di Astrofisica - Osservatorio Astmﬁsi'co;di.Arce-tri. :
«NARE A E a0 '

+

:M ] ‘,. {
(LTI i’lﬂf‘ﬂi’t |
.';_': Hl' r »—Lo—oi:——*

e Hovatta

e Nestl

* Mirosla

061072015 On the Development of mm passive components for ALV X
R. Nesti a2



Hargware

- Istituto Nazionale di Astrofisica - Osservatorio Astrofisico di Arcetri
Design

CHALMERS Onsala Space Observatory

| -

Hovatta

Design altenatives

NERI

i

ol

v

Mirosla' i |
-
X
|
e J: * Tnple band layout with dichroic filters — not applicable due

Al ef _R Nests * Dual Band with dichroic filters

Dual band lavout: wide band feed and single band feed watl

* Tnple band feed

ERATec workshop
Forerce, S - 7 October wl ?




Hargware

Istituto Nazionale di Astrofisica - Osservatorio Astrofisico di Arcetri
Design

CHALMERS v Onsala Space Observatory }

Hovatta ‘ d T Design altenatives '

NERI

New Opportunities
can develop multi-wavelength VLBI now!
: backends with very high data rates (see JRA PINA: DBBC3
I\/l I rOS | a\ with up to 128 (Eh.p\; 4x 4GHz dual pol - 32Gbps)
High bit-rate recorders: Mark 6 (64 Gbps w. 4 units @EHT)
Broad-band LNAs and feeds

Scientific opportunities:
Al ef ® multi-wavelength VLBI mapping
® multi-wavelength spectroscopy
¢ mult-wavelength polarimetry
* mulu-wavelenght single-dish
¢ geodetic VGOS compatibility
® New: no different LOs and huge sky frequen




