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The ISOpT consists of the Head of DSO, and the Managers of the three ALMA Regional Centers in 
NA, EU and EA. The JAO leads of the Program Management Group, the Data Management Group 
and the Proposal Handling Team participate as ex officio members. The ISOpT is responsible for 
approving procedures and implementations of all major science operations processes that have some 
impact on users. They are responsible for setting science operations timelines and milestones, 
science requirements, defining priorities, monitoring development targets, and evaluating pre-
release tests of the ALMA software systems that impact users. Software requirements, priorities, 
timelines, and other issues are discussed and agreed upon with the ICT [RD3]. 
 

 
 
Figure 6-1: The East Asian ARC - the central ARC at NAOJ in Mitaka (Japan) and two satellite 
ARCs at ASIAA in Taipei (Taiwan) and at KASI in Daejeon (The Republic of Korea). 
 

6.3 Staffing 
1) ALMA Staff member 

For the purposes of this document, “ALMA staff member” refers to ALMA staff members 
working at the JAO and the ALMA regional centers, including staff working at any ARC node 
that has signed a Memorandum of Understanding with an ARC. They may be PhD astronomers 
or scientists, or other support staff (Data Analysts, Content Managers) [RD3]. 

2) User Support Staff 
“User Support Staff” are staff members based exclusively at the ARC or ARC nodes who work 
with users. They may be PhD astronomers or other support staff, as decided by each ARC. 
They support the users as helpdesk staff, direct observing project support as Contact scientists, 
or with direct support during face-to-face visits [RD03] 
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Collaboration  with  Advanced  
Technology  Center  (ATC)

Tight  collaboration  with  ATC
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Figure 2: NAOJ ALMA Mitaka Facilities. 
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4.2 Clean Rooms and Facilities for the Development of Superconducting 
Detector 

The Advanced Technology Center has clean rooms (Rooms 104, 105, 108, 109, shown in Figure 7) 
for the development of superconducting detector. Room 109 is a class of 100 (ISO 5), others are a 
class of 1000 (ISO 6) (see ISO 14644-1). For the maintenance and future developments of the 
ALMA, we can use all instruments (see Figure 8) that have been installed and implemented in the 
clean rooms and Room 106 in coordination with other projects of the NAOJ Chile observatory.  
 

   
 
Figure 8: Examples of the instruments in the Clean Rooms of the Advanced Technology Center (see 
Figure 7 
 

4.3 Facilities for Band 4, 8 and 10 Cartridges 
The Advanced Technology Center has laboratory rooms (Rooms 202, 203, 204, 205, 206, shown in 
Figure 7) for the development of ALMA receivers. For the maintenance and future developments of 
the ALMA, we can use all instruments (see Figure 9) that have been installed and implemented in 
these laboratory rooms in coordination with other projects of the NAOJ Chile observatory. 
 

      
 
Figure 9:  Examples of the instruments in laboratory rooms (rooms 202, 203, 204, 205, 206) of the 
Advanced Technology Center (see Figure 7).   
 

4.4 Facilities for Photonic Technology 
The Advanced Technology Center has laboratory rooms (rooms 304, shown in Figure 7) for the 
development of ALMA Photonic Technology. For the maintenance and future developments of the 
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Collaboration  with  NRO  45m  and  ASTE

Talk  by  Masao  Saito

• Share  receiver  and  spectrometer   technologies
• Test-‐‑‒bench   for  future  ALMA  development   (ASTE)
• Software  (e.g.  CASA)
• Calibration  tests



2015
Antenna  Structure  
Development  WS

EA  Development  Workshops

2013  
EA  ALMA  
Development  WS

2011  
EA  ALMA  
Development  WS

2014
EA  ASTE/ALMA  
Development  WS

Band 1 Band 11 Artificial Calibration  Source

Angular Res. Fidelity

Multi-beam THz Wideband 
Spectrometer

TES Cam

Output:  three  EA  led  projects/studies

Output:  New  science  demands  for  ALMA

Output:  Science  requirements,  ASTE/ALMA  dev timeline.

FOV Sensitivity Wide IF

Output:  Cost  vs performance



NRO-‐‑‒ALMA  Science  Development   workshop
July  20-‐‑‒21,  2016

ACA  Total  Power  Spectrometer  mini-‐‑‒workshop
September   24,  2016

1) Scope  and  science
2) Conceptual  design  and  technical  feasibility
3) Specification  and  requirements
4) Project  plan

1) Science  demands
2) Spectrometer  and  software  development
3) Calibration  methods

2016  Development  Workshops



Europe

Global  Collaboration

East  Asia

This  Workshop

Dev  WS

North  America

Dev  WS

Development  discussion  (ALMA  Science  Conference  in  California)

Development  Vision  for  ALMA  2020-‐‑‒2030

Spectrometer  
mini-‐‑‒WS

May	  2016

Sep	  2016

Early	  2017

ASAC  f2f



Ongoing  Collaboration  with  EU  and  NA

Band  2  (NA),  Combining  Band  2  and  3  (EU)
EA  contribution:   Optics  design  

Studies  and  Small  Projects

Projects

Band  5  (EU)
EA  contribution:   Front  end  integration   at  the  OSF  

Talk  by  A.  Gonzalez



Current  Priorities  for  EA

• ALMA  Calibration  Source:  Calibration  at  bands  3,  6,  7
• High  Critical  Current  Density  (Jc)  SIS  Junction  Device  
Development

• GPU Spectrometer  for  TP  array  (with  KASI)

Studies  and  Small  Projects

Projects

• Band 1  project  (lead:  ASIAA,  Collaboration:  NAOJ,  U  of  Chile,  
NRAO,  HIA)

• Spectrometer  &  Multi-‐‑‒beam receiver (with  KASI)

ASTE  Development  Project  (extendable  to  ALMA)
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The Science Cases for Building

a Band 1 Receiver Suite for ALMA

J. Di Francesco1,2, D. Johnstone1,2, B. Matthews1,2, N. Bartel3, L. Bronfman4, S. Casassus4,

S. Chitsazzadeh2,5, H. Chou6, M. Cunningham7, G. Duchêne8,9, J. Geisbuesch10,

A. Hales11, P.T.P. Ho6 M. Houde5, D. Iono12, F. Kemper6, A. Kepley11, P.M. Koch6,

K. Kohno13, R. Kothes10, S-P. Lai14, K.Y. Lin6, S.-Y. Liu6, B. Mason11, T.J. Maccarone15,
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Band  1  Science  Case
-‐‑‒ High-‐‑‒z  -‐‑‒

– 52 –

Fig. 6.— Observable frequencies of 12CO rotational transitions and [CII] 2P
3/2–2P1/2 as a

function of redshift. The frequency ranges of the ALMA Bands are also shown. Note that

the range for Band 1 reflects the new nominal range of 35-50 GHz.

Band  1

CO(1-0)  from  z  =  1.5  – 2.2
CO(2-1)  from  z  =  3.6  – 5.5
CO(3-2)  from  z  =  6.0  – 9.0

e.g.  Comparison  with  local  sources  
observed  in  band  3,6,7



• Follow-‐‑‒up  imaging  of  the  large  
clusters   discovered   in  low  
resolution   (~∼1ʼ’)  surveys.     

• Allows  us  to  detect  shocks,  
cluster  mergers,   ICM  
substructure,   physical  state  of  
the  ICM  (electron  density,  
temp).

SZ  effect  (Carlstrom  et  al.  2002)

Band  1  Science  Case
-‐‑‒ SZ  Effect  -‐‑‒



Band  1  Science  Case
-‐‑‒ Protoplanetary  Disks  -‐‑‒

Casassus  et  al.  2013 van  der  Marel  et  al.  2013 Qi  et  al.  2013

Dust  particles  emit  very  inefficiently   at  wavelengths   longer  
than  their   size.    Band  1  will  observe   large  (cm  size)  dust  
particles   in  proto-‐‑‒planetary   disks.

Fukagawaet	  al.	  (2013)



Band  1  Status  

• CDR  and  project  review  were  held  on  Jan  19-20,  
2016  at  ASIAA   in  Taiwan

• CDR  completed,   pre-production   phase  can  be  
initiated.  Final  document  being  prepared.

• Positive  ASAC  reaction  on  science  case    
• Board  approval   for  production  (May,  2016)
• MRR  will  be  held  in  late  2016
• AIV  in  2019



Artificial  Calibration  Source

• Lead:  Hitoshi  Kiuchi (NAOJ)
• Original   idea  by  R.  Hills
• Used  for  calibration  purposes
– Provide  a  signal  for  interferometric  holography  
measurements  of  antenna  surface

– Provide  a  source  of  known  polarization  for  
calibration

– Provide  a  high  S/N  source  to  help  measure  e.g.  
coherence,  phase  stability,   switching  time,  
stability  and  sideband  ratio.



Front face

Installation location 
Installation location 

Artificial  Calibration  Source



Artificial  Calibration  Source

• 100GHz  frequency  range  source  has  been  delivered,  
and  will  begin  testing  in  Q4  2016.  

• 230/345GHz  being  developed  and  will  be  delivered  
by  2018.

ACS	  acceptance	  at	  OSF	  

Photonic signal generator: MZM-LS



Wideband  Receivers:  Science  Case

196 Takano et al.

Frequency (GHz)
T

A
* (K

)

Figure 2. The spectra toward three positions in the infrared dark clouds
G28.34+0.06: MM1 (upper), MM4 (middle), and MM9 (bottom) at each spectral
box

Figure 3. The spectra toward the nearby galaxies NGC 1068, IC 342, and NGC 253

and actually some related proposals are already accepted.

Aladro, R. et al. A&A, 549, A39 (2013), Charnley, S. B. and Millar, T. J. MNRAS,
270, 570 (1994), Mikami, H. et al. ApJ, 392, L87 (1992), Nakajima, T. et al. PASJ, 60,
435 (2008), Nakajima, T. et al. ApJ, 728, L38 (2011), Sakai, N. et al. ApJ, 672, 371
(2008), Sugimura, M. et al. PASJ, 63, 459 (2011), Umemoto, T. et al. ApJ, 392, L83
(1992), Yamaguchi, T. et al. PASJ, 63, L37 (2011), Yamaguchi, T. et al. PASJ, 64, 105
(2012)

Rich in molecular lines, from 85 – 115 GHz.  Wide freq coverage is essential.

Takano et al. (2013)



Expanding  the  RF  and  IF

• (RF)  Initial  studies  for  passive  components  ongoing  
– Orthomode transducer   (OMT)  for 300-500  GHz  (Osaka  Prefecture  U)
– Wideband  corrugated  horn  (A.  Gonzalez).  

• (IF)  The  components   that  limit  the  IF  bandwidth  are  low-noise   amplifier  
and  isolator.   -> need further studies

• Next  step:  develop  a  wideband  SIS  mixer  with  high  Jc SIS  junction  
components   (with  KASI).



High  Critical  Current  Density  (Jc)  
SIS  Junction  Device  Development

• High  Jc junctions  (~30kA/cm2)  

– RF  bandwidth  to  be  increased  substantially  for  Ultra-wideband  
receivers

– required  for  THz  receivers

• Development  and  implementation  of  aluminum  nitride  (AlN)  barriers  
for  SIS  devices



Scientific  Importance  of  the  ACA
7m	  array

12m	  array

TP	  array Combined



Scientific  Importance  of  the  new  TP  
Spectrometer

• Scientific  Advantage
– Higher  sensitivity  (by  eliminating  sensitivity  loss  
due  to  re-quantization)

– High  accuracy  (by  allowing  16-bit  quantization)
• Operational  Advantage
– Improvements   in  efficiency  (by  separating   7m  
with  TP  array)

– Simple  architecture



Specifications

• Specs  (from  ACA  correlator)
• 4  GPU  nodes  (each  for  one  TP  antenna)
• Sampling  bits:  3
• Bandwidth  per  baseband:  2GHz
• Number  of  basebands:  8
• Highest  spectral  resolution  <  6  kHz
• Integration  time  for  autocorrelation:  1ms
• Spectral  dynamic  range  for  a  weak  line:  10000:1  in  strong  
lines  and  1000:1  in  strong  continuum  

• Full  polarization:  HH,  VV,  HV,  VH



Current  Status  and  Timeline

• Held  five  f2f  meetings  between  NAOJ-KASI
– Conceptual   design  and  technical  feasibility
– Specification  and  requirements
– Project  plans

• Workshop  in  September  24,  2016
• Timeline
– ASAC  (2016/2017)
– Seek  board  approval   (2016/2017)
– PDR  and  CDR  (2017)



Idea  of  the  ALMA  Extended  Array

• Lead:  Seiji  Kameno (JAO)
• Locate  5  antennas  in  300-km  range  of  ALMA
• Observe  the  thermal  universe  with  VLBI  
resolution

• Specs
– Sensitivity:  10microJy  (1hour)
– Tb  sensitivity  1000K  
– 0.6  milliarcsec



Idea  of  the  ALMA  Extended  Array

• Science  Case
– Black  holes  in  
galaxies

– Imaging  
photospheres  of  
nearby  stars  and  
stellar  size  estimates

Sub-mm galaxies discovered with ASTE
(Tamura+09 Nature, 459, 61)

Evolving BH in a galaxy 
(artist’s impression)

Betelgeuse NIR image (10-mas resolution)
(Kervella+09,  A&A, 504, 115)

Betelgeuse H-band image (9-mas resolution)
(Haubois+09,  A&A, 508, 923)



ALMA  extended  configuration

5 antennas 
in

300-km 
range

ALMA
Sites Altitude Latitude Longitude

Distance 
from 

ALMA

1 4100 -25.205 69.173 266 km

2 3200 -22.267 68.950 134 km

3 2900 -24.253 69.057 171 km

4 2400 -24.550 70.333 290 km 

5 3600 -25.130 68.925 248 km

Tentative site locations
… to be surveyed further

higher altitude, needed for > 350 GHz

Kameno,	  S.,	  Nakai,	  N.,	  and	  Honma,	  M.	  (2013),	  ASP	  Conf.	  Ser.	  476,	  409.



Japanese  Virtual  Observatory

• Developed  by  Advanced  Data  Center  of  NAOJ
• http://jvo.nao.ac.jp/portal/alma.do
• Quick  look  images  and  spectra  of  ALMA  
archive  data  in  only  a  few  clicks

• Users  can  download  the  full  data  for  detailed  
investigation  using  CASA  or  their  favorite  
software

• Also  available  for  Subaru  data



Japanese  Virtual  Observatory



Japanese  Virtual  Observatory



Japanese  Virtual  Observatory



Atacama  Submillimeter  Telescope  
Experiment  (ASTE)

• Operated  by  the  Chile  
observatory   of  NAOJ

• 4860m  site  in  Atacama
• Manager

Takeshi	  Okuda	  
(Senior	  Instrument	  
Engineer	  (JAO)	  from	  
April,	  2016)	  

Shin’ichiro Asayama



ASTE  Specs
Diameter 10m

Beam 22”	  at	  350GHz

Main Beam	  Efficiency 0.60 (350GHz),	  0.45	  (490GHz)

Pointing RMS	  ~ 2”	  (wind	  <	  10	  m/s)

Receivers

DASH	  345 321	  – 376	  GHz,	  2SB,	  4-‐8GHz,	  Tsys(SSB)=250K

ASTE Band	  8	   387– 498	  GHz,	  2SB,	  4-‐8GHz,	  Tsys(SSB)=600-‐1000K

TES	  Camera
(CommissioningPhase)

270	  (169 pix,	  BW=50GHz)	  and	  350GHz	  (271	  pix,	  
BW=30GHz)	  

Spectrometer

MAC BW=128 & 512MHz, Nchan=1024,	  Res.=0.5	  &	  0.125	  MHz

WHSF BW=32, 64,	  2048,	  4096	  MHz, Nchan=2048,	  Res.=15.625,	  
31.25,	  1,	  2	  MHz



ASTE  Development

• Spectrometer:   J.  Kim  (KASI)
• Band  7/8  receiver:   J.W.  Lee  (KASI)

– Single  pixel  (2017  -‐‑‒)  
– Multi  pixel  (2018  -‐‑‒)

• TES  Camera  (270-‐‑‒350GHz  camera):  T.  Oshima (NAOJ)

• 230  GHz  receiver:  T.  Sakai  （UEC）
• THz  receiver:  S.  Yamamoto  (U.  Tokyo)
• DESHIMA  (On-‐‑‒chip  Filterbank Spectrometer):   A.  Endo  (Delft)

Poster  by  J-‐‑‒W.  Lee

Collaboration  within  EA  ALMA

Collaboration  with  Universities



Multi-pixel  Array  for  ASTE
• Technical  challenges;
– Limited cryostat window  and  space
– Thermal load (Fitting  multiple  SIS  mixers  on  a  
4  K  stage)  

– Developing  and  distributing  a  stable  LO  source
signal  in  a  homogeneous  way.

• Prototype development (by KASI)
– Multi-‐‑‒beam  receiver  system  with  ultra-‐‑‒
wideband  SIS  mixers  from  300  to  500  GHz  
(TBC) (and spectrometer)  



Summary

• Projects
– Band  1

• Studies  and  Small  Projects
– Calibration   source
– High  Jc SIS  junction  device
– GPU  spectrometer  for  TP  array
– Optics  design  

• ASTE  development  project  
– Spectrometer  &  Multi-‐‑‒beam  receiver

• ALMA  Extended  Array  and  JVO  

Talk  by  T.  Huang,  P.  Mena
Poster  by  C.-‐‑‒C.  Chiong

Talk  by  T.  Kojima
Poster  by  M.  Kroug

Talk  by  S.  Iguchi  

Poster  by
J-‐‑‒W.  Lee

Talk  by  A.  Gonzalez


