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H—i% (ASTE) vs +#&5 (ALMA)

FoTTICERESES T#&t (ALMA) HFIAULTWSES

8 (—»32) GHz
bandwidth

~1000 GHz
bandwidth /

Ap 10'-104 beams 1 (primary) beam

| T35t (ALMA) DMETTWSZDREDKFZETANT HIET,

B—jR (ASTE) I&xRZFEE
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[LREF. ILwEEIDcHIC

~1000 GHz
bandwidth /.

o BRI
» 1RBHNLK S DR A

‘, 10-104 beams - KIDs
\ (Kinetic Inductance Detectors)

- D IEEAMN
N
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1-spaxel demonstrator (DESHIMA 2.0)

TIFUUN

THz Integral Field Unit with Universal Nanotechnology vicen ens EHiRRRAnE ADA HIEIDS

a. TIFUUN Integral Field Unit G\‘ X

Unit “Spaxel”

> s Lens-antenna

Transmission line

Spectrometer

1 Unit “Voxel”

2D array of Spectral filter —
Lense-Antennas
(Nspaxeis up to ~1000)
Detector - ;
----------------.....---."
Wavelength A

(R = 10-2000, Nyoxeis/spaxel up to ~1000)

. 225 250 275 300 325 350 375 400 425
Observed frequency (GHz)
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TIFUUN

THz Integral Field Unit with Universal Nanotechnology

)0 5 0kV 21 8Bmm x1 30k SE(M)

Kilo-pixel lens array Ultra-wideband antenna Band-pass filter
technology technology technology

— N =7-693

14-spaxel x 2-pol
IFU demonstrator
(K. Karatsu et al.)

MKID Detector
technology

RF readout signal ——p
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One Technology. Many Instruments.

N spaxels

10 000 .,' Direct-detection

» Cameras
1000} : TIFUUN Unit “Spaxel”
0y (Spectrometer
. Parameter Plane ¢ Pixel)
S
™
o
00
Instantaneous =
2 Unit “Voxel”
Bandwidth 5 . 1 color in
Amax/Amin = spectrum
3 2 § ! * 1 detector
Lz Jnee )] o )

<)

Exchange IFU for each science case
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One Technology. Many Instruments.

Nspaxels
10 000|' , Direct-detection Boundary Limit
 Cameras <10.000
1000, ; TIFUUN Nvoxets = Nspaxets ™ Neotors (20,000 with 2 IFUs)
| Parameter Plane
<360 GHz
: LIM Instantaneous >90 GHz
Bandwidth <1:2
Amax/Armir Fmax / Fmin (1:4 with 2 IFUs)
R = A/dA 4

R = F/AF <1000 (<20007?)

<91 (H-band)
<37 (L-band)

(Boundaries can be pushed with technology development)

Nspaxels
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“Plug-and-Play” IFU System

Integral Field Units Optics and Cryogenics Readout Electronics

CONCERTO cryostat (Monfardini et al.)
+ New optics for TIFUUN/ASTE

Q" @ https://neel.cnrs.fr/en/news/
gucer (o concerto—-takes—-height

10 Cosmology with Nanotechnology



https://neel.cnrs.fr/en/news/concerto-takes-height

TIFUUN: ASTERRDFI=

- ASTERBDHIS
o —DUMIBRWREK T EY
cBEBELZEZDEVICREROLETTSU
- S TOESE
- RBEODWE, KB RY
InE
LRI BERFE D FE
- TIFUUN7Z 5

c REBVATLDEFTFTALZEETIC,
IFUDERT, TS TLHAEEE/HEDREICE(L

o RNFLDFULWRREEICIGATWITS
o FEFZAMEHE A, —EBAD

v
N4

v
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Open-hardware: TPIEE: 5 TPI-IFU; A

Current Pl-instrument Paradigm Open-hardware Paradigm (Outcome of TIFUUN)
Supported by the Observatory Supported by the Observatory + My Group
Seaeepe TIFUUN Common System (“1-time investment”) IFU Production
Telescope Cryostat + Optics Electronics AREERL ERICR OOy

IFu1

%

S

Open Call for Complete Observing
Proposals Pl Instrument Time

v | +

Open Call for Proposals Astro + IFU Proposal

Each Instrument Different System Open-source Ob.serving tifmetu 2
(“Every-time investment”) Hardware uSilg Mamiachud
Digital Tools for IFU
IFU design
-()- Small community that can afford Y. NG
'Q‘ ¥ Cost> 3-10 M Euro g::‘i’::le 2 i ‘Q‘
@ @® - ranotechnology ) 28 o0
@Y - High-risk J Community  gpw A
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TIFUUN Astronomy:
Volumic 3D Surveys with Plug-and-Play IFUs

[CII] Large
Scale Structure

@ Cosmic web of warm gas
and star-formation
(Line Intensity Mapping)

Tomography of
THz line-emitting
galaxies (TLEGs)

@ New population of
star-forming galaxies

hidden by dust
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L « INREF « JA2VIND M EHEFHR

Advantages of Seq. GO in Rx Design Methodology _
- S N Shahab Dabironezare
* Fast optimization kernel for 1) Sequential Geometrical Optics
multi-lens shaping wrt PO propagation for multi-lens systems
’ Addlu?n of amplitude Shaping phase, amplitude and polarization of the EM
spreading control wrt ray fislds
tracing, enabling ,, b A ‘
= Compact solutions '- | Yae i )
= Advanced lens designs % . [ poviy '
T J 4 / ) v :‘
Ceiling of ASTE i . N k,
inner cabin ’
2) Field matching technique: end to end
L optimization in Rx mode
-----------_-------“-‘---a.-...-___. Transmitted field Incident field
IFU1 Under toward the reflector tO:’iid the antenna
B optimization = [
f — ': Pargll:(l)
g = Field matching sutf/h
: » Incident
— = =7 Warm flag P
B 24 mirror
b N /
IFU2 Cryostat window 3) Multi-objective optimization to design
Leaky wave ant. Cold stage plate (& 25.5cm) (@ 20cm) for centre and edge of FoV simultaneously
- y
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DESHIMA 2.0 (“TIFUUN $£—1{{”)

DESHIMA 2.0 spectrum of Messier 77 . 7|'\/9:“/7> . 7’(“/9_/\\\/7@\%%62
i & BRI DR FER A

2023-2024FCHh [ TASTEREEH;
(2024 7-11 B 054 BREORSEEA)

Frequency [CHz] | | : EETE%EQ & 75\ L/—C4:§/‘Z 7d:9€1215€§%5ﬂu
(High-z $RF], SZERAIH], JaGsERm. SR
NEFBREB. RigE. )

200 GHz ! —

Silicon lens Filterbank and MKIDs

/
Q;_. =
o
N )

bandwidth

0w RTESE T — & AT

.....
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DESHIMA/TIFUUN® "RE#>F) »7T?

lcEZIE : PRIV 7AFTERED SV RIEXDYIBOEERE (2024)

Measurement Bands
103, l l 1
= | & %(|DS | & SpectTraI Filters | (THz FTS)
(D)
g 101t & Astronomical Applications 7
2 10~ ¢
- mm-submm:
03 Microwave: (rossover? Terahertz:
()
I Two-level systems oo® Optical Phonons
D @
1075
i 10 100 1000 10000 100000
Frequency (GHz)
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DESHIMA/TIFUUN® '"&RE#=, »>T?

fceEZIE D

e Ref. [8], on-chip far infrared loss data

% Ref. [8], on-chip microwave loss data

10-14 ¢ This work, on-chip far infrared loss data

| === Fit of MHD dispersion model to FTS data

| — Fit of MHD dispersion model to FTS and on-chip data

10-2 4 ——- TLS loss, based on Ref. [8] on-chip microwave loss data
" 3
c
8 <

10-3-3

10-%y

————————————— -'————————————————_——_ —————————————————— e ———————
10> 102 101 109 10!

F (THz)

"PEILT FRAREFREOY T I VIREBROERIE. BFIRE), <« COMRIE. DESHIMALS

- Buijtendorp et al. Physical Review Applied, accepted
(arXiv:2405.13688 [astro-ph.IM]): Editors’ Pick + Cover #

- 7EIVT 7 ASICBEREIFRICEAN ({HRY)) L. U7 I UKRBEIBERDIEE B

- Buijtendorp et al., Physical Review Applied 18 (2022) 064003
. DESHIMA 2.0 on ASTE <. Bl=&RHEIICIG A
. 2022F DFIMRIEIR — 2024 F ICKRER DA E— R (ASTED®BHHS5)

PEIWNT 7 AFBEIRD IV RIBEXDIERDIE

Buijtendorp

= Vollebregt (PhD student)

10°

10*

Qi

103}

10°

(T EIEZ)

R S S S S S SR S S S SR SR S SR W ——

(state-of
-the-art ) 4

100 TIFUUN band 100(
Frequency (GHz)
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DESHIMA/TIFUUN® "RE#>F) »7T?

- TOHBOES X (http://deshima.ewi.tudelft.nl/papers/papers.html)
> SPIE Proceedings7: & DIEESwam X LR U =
- Bl
o TPEINT7 7AFEMRIRD I V) KIERDERIE. BFIREN Buijtendorp et al. Physical Review Applied, accepted
o TPEIT7 7ASICIET T 2 UKREBEANEBEMOMEI TR E /IS VY, Buijtendorp et al., Physical Review Applied 18 (2022) 064003
o THAVYFYT T4 —IN>IRHED, ERE—LINY—2HTEET T4 XY MFE] Moerman et al.,, A&A 684, A161 (2024)

o VAVFVT - T4 =NV U nItae T IO TRPETZRE. XFHERARKEZXIL Endo et al., Nature Astronomy 3,
989-996 (2019)

o TAVFYT - T )LT—I\> U NHDERERE COFEIE Endo et al., Applied Physics Letters 103, 032601 (2013)
o TKIDT, XFMEZdEH, Yates et al., Applied Physics Letters 99, 073505 (2011)
o TKIDT. ¥R FARHBME=#ER, de Visser et al., Physical Review Letters 106, 167004 (2011)

@ DESHIMA/TIFUUN Style: MEINGRERERFEZULT. €DV AM T UVATHEHEXHES
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A2 OKIDELEZAI 7 b

APEX PRIMA

(A-MKID)

(DESHIMA) GroundBIRD
(TIFUUN)

QO HRERTHZHATTIAZELTWSODIE. HE SR D25TH
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HEDKID#FLi#R7A> 7 b

LiteBIRD
(KIDs unselected)

E$:311145m

L
S ) . Y 4
AN 4 A
X 7
- - i
NN = >
\\Q . = =

(DESHIMA) GroundBIRD
(TIFUUN)

Greenland Telescope

Q B SCRPEHAFETIERELTWADIE. ASY EHED25HE
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ASTED 1 =-—YiffifE, EEH

&= >4800 m

BRE

- 3FxHEmCITDIF. STHASTEEAPEXD H

. BEPREREIOZS 12745 RT
RelevantREE T, TG EE (~F) 2T T

ASTE & OHRAMRIFILERICESR

- DESHIMA 1.0 (REFEIZF)

. On-chip filterbank s Y28 DH)EEE
(Endo+, Nature Astronomy 2019)

- DESHIMA 2.0 (%l5¢325k)
- ~1.5FEOEHE. BEEHE

. DESHIMA / TIFUUNZ B T5 N5 EiRE .
WEASTEXUAMN TR

- FHES

- T1ES

I.IJII

(RTANEREND D) ([FRAE

1 ARG U< BEEUDRIFIES & i
. BEMSOAHES. R ROts/Y3VT

L]

RN 2 R3E. BRI EX TR > TWIdE=RREE U T,

nature
astronomy

bitpzida

First light demonstration of the integrated
superconducting spectrometer

Akira Endo ©'**, Kenichi Karatsu'?, Yolchi Tamura @, Tal Oshima~*, Akio Taniguchi®
Talsuya Takekoshi 0%, Shin'ichiro Asayama®, Tomn J.L. C. Bakx 0% Sjoerd Bosma '
Juan Bueno®, Kah Wuy Chin®*, Yasunori Fujii®, Kazuyuk: Fujita", Robert Huiting®, Soh
Tsuyoshi Ishida’, Shun Isha @57, Rychei Kawabe © %%, Teun M. Klapwijk 0%, Kotaro
Akira Kouchi”, Nuria Llombart’, Jun Maekawa®, Vignesh Murugesan', Shunichi Nakat
Masato Naruse', Kazushige Ohtawara ™", Alejandro Pascual Laguna™"’, Junya Suzu
Koyo Suzuki®, David ). Thoen =™, Takashi Tsukagoshi®, Tetsutaro Ueda®, Pieter ). de \
Paul P. vander Werf =", Stephen J. C. Yates™, Yuki Yoshimura © 7, Ozan Yurduseven'

. ASTE®D. 2 ZLBWVWEBEZITANZERDEIIT T,

and Jochem J. A Baselmans &'

Ulrn-wideband, threedimensionsl (3D) imaging spectrom-
elry in the mili mater-submilimoter (mm-submm) band is an
essontial tool for sacovaring the dust-enshrouded portien of
the cosmic lastary of star farmation and golaxy evoletion ',
Howewss, it s m&’Iq Lo scals up conventional coherant
hetorodyne recaivers’ or Prao-space diffractice techaiques’
te suthiciznt bandwidths (>1 octave) and numbers of spatial
piweds (>103) Hen. we peesont the design and astron amscs
chra of an ily scalable, intugrated wparcoaduct.

spactramatar’, 'Ncl cowers 332-377 GH2 with a spoctral
uoduhm of F/AF - 300, 1t combines the multiplexing advan-
tage of microwave kinetic induct spce detectors (MKIDs ) with
planar superceaducting filters for disparsing the sigsal in 2
single, small superecaducting imtograted creuit. We demon-
strate the two key sppliications for an instrument of this type:
an an séficient reduhift machine and as & fast multi-foe spece
Lral mappir of extonded arcas. The Fae detoction sansitivity
is In excellent agreament with the Instramant desipn and lab-
emtory perfarmance, reaching the atmespheric foregrownd
photon ncive limit on-sky. The design can be scaled to band-
widihs s cecuss of an ectawe, spectral resolution wp 10 a few
theusand and frequencies up to -1J THZ The miniature chp
footpeint of o fow cm' allows for compact multi-pinel spactead
imagers, which would snable spect roncopec direct imaging sed
largevolumo spoctroscaple survays that are savaral sedors of
magn tade faster than what is currently possible™,

Cakaties grow through meagers and by drawng gas from their
ernviranment, while mtamnally forming sew stascand feediog matter

r

ame thas amteal wpermasdus Black bl
procewes occurred (2 3 docadad relsha
Hence, obucrvaliond iy studving a egnifcusl
redpeires a very beond spectral handwidth of o
woliml phosss of star fiemalion eccus in
abeoed the dzaniodit W optical light and e
- atracd to mum -sbaim warckength ras
cally teinet subenmn - brght godeo s (SNICa T |
reckshift meacuremencs s cohoaquene sud
froen there SMCH are sewrdy Rauted by the
w ~36GHe. ref. ) and senall member of a0
W % &4 plsels ) of conventiongl coberent
require wulitple lunsgs and hueg ecposar
speciracncien have sbown waldand posfus
optkal demerss tor the mm=subaun band 3
foult 4 wcale thic type of gectiimate to oo
The wtugralnd supesconducing spean
naraman concoept 1hat was et ed cxactly
miageig ond hgh sesoloton ey, |
1SS & lo performm aperinoscapt m 3 Qupesto
cabod on aamall chup of & fow con’ 10 ancy, aats
fless as e dsperioe chorsat aoudogows L
Sor lomer microweve froquendes The main ¢
Sty pecsiiesetas | ones 3 fosrber trasalos
1 5 & Gsporsrve spocioescios. which rodoe,
width and hence phaote rmise contr bution. g
n e observing speed’” The |55 Indantone
ted by the antenma baoadiidds aed dhe file

Facuty of Twcticad Frgiowe ng, Mathwrascr o Carpater Scmacs Dol

Jri ity of Tocha oo gy Delty The Nt had arek. 1
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Agtrom crvecal Dservatery of Jopan, Mitaka Jmp e~ “The Lradusis Unners gy fer Acvasced Stud es (SCIZNMDAL, Nitata Jopan
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Ty, Todeyrs Jepor, St st of Spoce crdd Avronaubed Soescr, dopan Aesspace Explerelion Ag=mep. Segem bare. laper *Gredd
IIErgnesing Sobame Un ety Sabama bgan g Bresgy Ancdbecmor Rese 2 ich Ovgan 2adon ONFXD, Tasnuba faon s
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DESHIMA 2.0 on ASTE

. October 2023: Installation

. December 2023: Shutdown

- June 2024 Start of 2024 campaign

5+months dedicated to CSV

- July 2024: Commissioning

- July-November 2024: Science verification

. December 2024: Uninstallation
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. DESHIMA 2.0 on ASTET#I®TH 7 UKk (B—iR) #H| / KIDsICENn i AHEH
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2ERE (VE—MERAZEDILT)

TU Delft AOR—ILT
i=fk & PetersOFEHE B IANT,
=T20[MOZE =)

. eemcstudelft - Follow
b TU Delft Electrical Engineering, Mather

.., eemcstudelft Ever wanted to

‘@  have alook at a burning galaxy with
millions of stars forming? This is
your chance!
Akira Endo is currently running
observations in the main hall of
building 36, using the DESHIMA 2.0
spectrometer on the ASTE telescope
in Chile. PhD student Leon Olde
Scholtenhuis, on the right, made a
new chip in clean rooms including

the Else Kooi Lab, that he wants to
hrina tn the teleernane next manth

Qv N

67 likes
September 3

Log in to like or comment.
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Rallou Nikolopoulou& A D4l
o FERRTHEAE

o fFES (IDAYIE) 5.
ANEHZ U TWBEBZEDITT

HUMNTT (BAIRLUT)

) E—REAlIcESMULTL i

Rallou Nikolopoulou - 1st
BSc AES TU Delft
2w - ®

And that's a DESHIMA observations wrap!! Extremely
honored and lucky to be part of the team
#cosmology #spaceobservations #astronomy
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. Madelief Peters= AD = IE

> “| am especially grateful for the

unforgettable experience of traveling
to Chile, where | could see the
telescope In action and withess how
theory connects to practice. This trip
not only deepened my understanding
but also showed me that research Is
far more than sitting at a desk—It is
a dynamic and collaborative journey.”

(BSc thesis, 2024)
. JBER. ERHZEDOEREPLEL—F

DAY NOYY Y 3y THERERR., BEEBRT

LIy
[ 1]
i)
NI
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© 20011, The Amencan Astrasumical Society. All rights reserved Prstod sa the US A

A DUAL-BAND MILLIMETER-WAVE KINETIC INDUCTANCE CAMERA FOR THE IRAM 30 m TELESCOPE

A. Monrearpint', A, Benorr!, A, Bibeaun', L. Swenson' "2, A, Cruciant' !, P, Camus', C. HorrmMann', F. X, DESERT?,
S. DovyLe’, P. Ape’, P. Mauskorr®, C. Tucker®, M. RoescH?, S. LEcLErcQ?, K. F. ScHUSTER?, A. ENDO®, A. BARYSHEV®,
J. J. A. BASELMANS®, L, FERRARI®, S. J. C YATES®, O, BOURRION', J. MAcCIas-PEREZ”, C. VESCOVI’, M. CALVO®, AND C. GIORDANO’

BEAICEEBETIN

Ba000 (degree)

TR ESTEZERITS
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