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|. From cosmology/astrophysics challenges to instrumental
requirements at mm wavelengths

ll. Kinetic Inductance Detectors for the new generation of mm
cameras

lll. The NIKA2 camera for cluster cosmology

V. Large wide-field mm spectroscopy with KIDs
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Brief history of the Universe
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Main science drivers at mm wavelenths

® Detection of primordial CMB B-modes polarisation anisotropies (primordial
grativational waves) to measure the energy scale of inflation

® Detailed measurement of the Sunyaev-Zeldovic effect in clusters of galaxies
to obtain independent and complementary cosmological constraints

® Deep observations of distant galaxies in cosmological fields (COSMQOS,
GOOQODS, etc) to the confusion limit

® Detailed understanding of the reionization processes (stellar mass function)
at high redshift via spectroscopic observations

® Multi-color continuum observations of Galactic and extra-Galactic sources at

high resolution over a wide-field to measure the dust mass and infer star
formation
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From science to technological requirements

high sensitivity for low r values

B-Modes multi-frequency for foreground removal

Spectral distortions Wide-field high sensitivity spectroscopic camera

high resolution, high sensitivity mapping of distant clusters
spectroscopy measurements of nearby clusters mapping
thermodynamic properties

SZ Effect

measurements of molecules lines
at high red-shift
high sensitivity
mapping large sky areas

Re-ionisation

Large high sensitivity detector arrays are needed !!
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Incoming Radiation

Si substrate t = 3-A,/4

LEKIDs
I{';uil.\ d=»/4

Backshort

Dual Polarisation

(3rd-order Hilbert pattern)
Roesch, M. et al. 2012, ArXiv 1212.4585

Feedline 5022
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Inductance (L, + L.)

The incoming photons break Cooper pairs (supercurrent carriers)
in a superconducting LC resonator < measurable signals
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- WhyKIDs? *

Direct multiplexing (300 detectors or more)

Can adapt to low and high background: from ground to satellite
experiments

Fast response (time constant << 1 ms)

Not too sensitive to comic-rays hits

Large spectral coverage: frequency range from 70-1000 GHz
High sensitivity in intentsity and in polarisation

Cheap to fabricate and if possible to do it at home
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Brief Grenoble KID+réa_dout history

2000
KID Concept
(Caltech-JPL)

X | 2014-2017
2008 Rl e | ™. 3000 pixel
We “join” the KID community ~ - y
2009
30 pixels = NIKAO (first ever KID camera)
2014 - 2017

- Background-limited ( NEP < 1017 W/Hz°%%)
- Readout line 2.5 m long !! Litho !!
- Al high-quality, uniform thickness film (~10nm)

s
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N KID:spectral response

Al LEKID Demonstrators for space (132pix)
. f f_-’ 3mm - 2mm - Imm - 850pm - 500pm
TiAl )
|'

| / LEKID Array for KISS
. / Interferometer (300pix) L
| J TiAl@3mm | [&5=== H

LEKID Array for NIKA2
(2000pix) Al@3mm

Al Al

850um
500pm

LEKID Array for Ballon
(500 pix) Al@500um
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A bit more than just KID arrays

Cryogenics

R 860

Raw data
6 = C(leaned data

‘" raw data

Flux (Jy)

R "
0 iy A A

mod
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Technical developments dri\'/en by instruments

>

2009 2016 2017 2018 2019 2020 2021 2025

'l
[ ] |
[ |
Prototype =~ NIKA 1 o
| N |
| |

3000 KIDs 1 'NIKA 2

From 150-300 GHz

Spectroscopy prototype KISS

Low frequency > 70 GHz

Spectrometer with 5000 KID CONCERTO

120 — 400 GHz

Low background
70 — 1000 GHz

iE
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- WNIKA2" -
a.millimeter camera .
for cluster cosmology
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Specific optical system to
obtain the widest field

Dilution cryostat:
180 mK nominal
temperature

e e

IRAM 30-m telescope
at Pico Veleta (Spain)

Arrays of 1140 (616) KIDs:
8 (4) independent feedlines
with up to 200 KID each

Dedicated optics coupled ':""-;-. 9
to the telescope . « A

" NIKEL readout
electronics

20 boxes (one per feedline)
arranged in 3 crates (one per
array)

J.F. Macias-Pérez Evolution of the Universe - TGSW2018 17



‘"The NIKA2 i:a!hera

. . Frequency 150 GHz 260 GHz
> September 2015 : ms’fallatlon at IRAM # KIDs 616 (553) 2 x 1140 (960)
> October 2015 : First lights
FOV di t 6.5 [ 6.5 i
> September 2016 : complete ameter aremin aremin
instrumental setup
> April 2017 : commissioning succesfully Sensitivity 8+1 mly/s¥?  33+2 mly/s"?
finished ; performance better than
expected Angular res. 17.7 arcsec 11.2 arcsec

Science with NIKA2

 Multi-purpose camera open to the astrophysical community
e Open time observations for at least one decade ( already 4 campaings)

 The NIKA2 collaboration has been awarded 1300 hours of GT shared
between 5 Large programs for astrophysics and cosmology:

» Galactic studies in intensity and polarisation
* Nearby and distant galaxies
» Clusters of galaxies
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| Sunyaey-Zeldovich effect |

* (SZ = CMB spectral distortion from interaction with clusters’ hot electrons
* kSZ = CMB Doppler shift from bulk motion of electrons (typically ~ tSZ/10)

lonized gas R

AT,

= fu Ytsz + G Yxsz

“Dark
( YtszZ = / P (:*.d‘é) =S Pressure 8eér%matter

—v
L YkSzZ — O'T/ - nedf m» Velocity X density

Al

M2

C

v =+2492 km/s. simultated cluster

y. Ule 3 .
' tSZ
1.5 kSZ
tSZ. + kSZ

1.0r I Observer

0.0 h. — o Y
~0.5¢

| No cosmological diming
~1.0+ | - [Ruanetal (2013)]
0 20 4DDGH2500 800 1000 mww S7. = probe for intracluster gas
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NIKAZ2 is a perfect instrument for the tSZ effects in clusters of galaxies

5 ole=a ¥ 2492 km/s, simultated cluster Two frequency bands, negative & zero tSZ signal
) : tSZ : '
1.5 / kSZ
tSZ + kSZ . - o g ‘
1.0l ofe, | 3 LB , ‘- ‘
< o5l A2319 e 2 LA 074
< 0.0k ! o (Planck) ), Q Q ) M1 ‘1\.
. 2 ~ II_ " ' 3 '
| Jaq &
70 GHz 100 GHz GHz — 545 GHz
—1.0¢ . _ [Ruan et al. (2013)] 1 KA Frequency
0 200 400 600 800 1000 150
GHz 5
¥ X 10
| 3
42 - |
2
» Wide-field: size of PLANCK beam T 44 1
£ . 0.0
* High resolution : 17 times better than Planck g iy
48 - | 2
NIKAZ FOV
-11° 50 f q -
13" 47™ 505 30%
Center: R.A. 13 47 %?U%hr} Dec =11 45 30.0
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MIEEY The NIKA camera

prototype of NIKA2

results
NIKA 150 GHz
# KIDs 132
FOV 1.8 arcmin
diameter
Sensitivity 14 mJy/sY?
Angular res. 18 arcsec

J.F. Macias-Pérez

operated at the IRAM 30 m telescope from 2009-2014
Dual band camera with 336 KIDs

Polarisation capabilities in both bands

First KID based camera to provide scientific grade

260 GHz NIKA2
224 # KIDs
2.0 arcmin FOV
7 diameter
40 mJy/s'? Sensitivity
12 arcsec Angular res.

Evolution of the Universe - TGSW?2018

150 GHz
616

6.5 arcmin

6 mJly/s*?
17.7 arcsec

260 GHz
2x1140

6.5 arcmin

20 mJy/s'?
11.2 arcsec
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[Adam & NIKA collaboration, 2014, 2015.2016,2017
Ruppin & NIKA collaboration 2017, Romero & NIKA

collaboration 2017]

RX J1347.5-1145 (z=0.45
o=

SZ pilot sample for cluster physics

Z

A
4'x 4
- S e o ‘I =~ C— |
-, == C;?
perfect test target ' very high-z relax::i ,ﬁ';f,:f;g;w"d !
MACS J0717.5+3745 z=ﬂ.54_)F PSZ1 G046.13+30.75 (2=0.57) PSZ1 G045.85+57.71 (2=0.61)
- ’r" - 0
. b/ L
] 4'x4
L5 Xh
complex morphology 1 .'-I_’Ianck SZ-discovered: follow-up
e — - ] . O O O e Y

J.F. Macias-Pérez
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e High sensitivity NIKA data (12 hours on source)
+ High quality X-ray, optical and IR data

 However, mapping kSZ is very challenging:
Complex system (5 subclusters
Foreground emission
Degeneracy relativistic tSZ and kSZ

* Use the two NIKA channel maps
+ temperature map from X-rays

Dec. J2000 (deg)

spectral dependencies

AT, / AW
—— = f, ytsz + 9 Yksz Y

I() / /'

gas pressure gas velocity and density

[Adam & NIKA collaboration, 2016]

J.F. Macias-Pérez
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30.0 &

30.0

dark matter g
stripped from gas™ -

Ll
'\ .
dl:llaL' bullet core

* |

merger, =
]

400 kpe

ll\'-I:l'|_Jl'L‘KHlII'£‘
43:30.0 |g ‘. ’

36.0 34.0 32.0
R.ALJZ000 (hr)
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| 'MACS J0717-37£IS and kSZ

e High sensitivity NIKA data (12 hours on source)

+ High quality X-ray, optical and IR data MACS J0717-3745
» However, mapping kSZ is very challenging: Vi (km/s)
46' 00"F max likelihood 4000
Complex system (5 subclusters
Foreground emission 45"
Degeneracy relativistic tSZ and kSZ 30n | 12000
» Use the two NIKA channel maps g 15
+ temperature map from X-rays s 0
~ 45' 00" |
g
© 45" F
—200C
30"
spectral dependencies o
AT, / . BTARW T L R —400¢
— p h m S
= fv Ytsz + Gv Yksz 07" 17 38
1o Vs s e (1)
gas pressure gas velocity and density First direct mapping of kSZ emission

[Adam & NIKA collaboration, 2016]
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tSZ cluster cosmology

» Catalogue of

» Redshift : optical follow-up

» Hydrostatic mass by combining tSZ flux and
X-ray data :

» Charaterisation of the hydrostatic-total mass
bias via simulations: MHS = (1-b) Mtot

Number of clusters as function of redshift and
mass is very sensitive to comology

8 1 1 1 1 1 1
o - = CMB
B CMB+BAO
® SZa+BAO (proj) -
o
- b=02
= o
s : ©
© > w O
et S
= o
1 __‘ ® Common PSZ1-PSZ2 ] o [Plaqck 2015_resu|ts XXI11, XXIV, XXVII]
. @ New detections PSZ2 ] ~ | [Bolliet, Comis, Komatsu & JFMP 2018]
3 New redshifts PSZ2 o
0.0 0.2 0.4 06 0.8 1.0 0.28 0.30 032 034 036 038 040
Redshift

0

m

(cluster observable)

Need to understand cluster physics: hydrostatic bias, condition for hydrostatic equilibrium,
shocks in the ICM, non thermal pressure, ...
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_ e One of the 5 NIKA2 LP (1300h in total)
j' LR S R > 300 hours of tSZ observation

> 50 high redshift clusters 0.5 <z < 1.0
* XMM LP 110 > tSZ selected clusters from Planck and
o P52 ACT catalogues

0.0001 | Ancillary data

> X-ray follow-up with XMM
> Optical data using GranTeCan
> MUSIC hydrodynamic simulations

Ez_z/sDAzon [Mpcz]
'\"'5(:'0/1014 [Me]

> In-depth study of ICM

> Thermodynamic properties: pressure,

L density, temperature and entropy profiles
e et > Mass - tSZ flux relationship

____________ ] Main goals

-
“ Redshift evolution of: Variation of cluster properties with:
> Thermodynamic quantities profiles > Dynamical state (mergers)
> Scaling laws and hydrostatic bias > Morphology (ellipticity)

[JFMP & NIKA2 collaboration 2017, arXiv:171107088 ]
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PSZ2 G144

e Planck tSZ detected cluster at redshift, z = 0.58, high mass M, = 7.8 x 10" M,

e 11h observations with NIKA2 in poor weather conditions (atmospheric opacity 0.3@225 GHz)
e Already observed: SZ - MUSTANG & Bolocam, X-rays - XMM

— lig E
q o
B 16 8 —
# = i
m- .-|.r|
g g g 10 :
= £ E -
5 = w
E 1404 E g +
& -
=
& )
| Ly
- O e | - i —  SZ combined+XMM [no spactra.)
' ' : & L XMM data (with spactra.)

Ghd8mls 0= 4Tmdls AFmls T
Right Ascenglon (J2000) [nr] -

1
L Loy
Radius [kpe]

Detailed characterization of the cluster pressure profile - overpressure found
Hints of dependence of the hydrostatic mass bias with cluster physics
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Coming soon

CONCERTO

Measure physical properties of nearby cluster Intensity mapping of ClI lines at high redshift to
via the SZ effect measure SFR + detection of clusters with SZ
Low resolution MP spectrometer from Low resolution MP spectrometer from

70 to 260 GHz 120 to 350 GHz

600 KIDs @ QUIJOTE telescope in Teide 5000 KIDs @ APEX telescope in Atacama
Observatory

Installation expected in 2021
Installation expected in November 2018
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“Summary and conclusions

» Current science drivers in mm astronomy and cosmology needs high sensitivity and
wide-field multi-color observations with large arrays of detectors

» KIDs have achieved sufficient technical maturity to be a credible option to build those
large arrays (tens of thousands pixels) of photon noise limited detectors

» NIKA first and now NIKA2, have demonstrated that KID based mm cameras can
achieve state-of-art performance for astrophysics and cosmology

» Cluster physics and cosmology via the SZ effect are a target of choice for KID
cameras

> We are developping a new generation of KID based mm spectrometers that should
be on the sky very soon

> KID based mm instruments are emerging: AMKID, Olympo, DESHIMA, MUSCA,
GroundBird, KISS, Concerto, MKIDs for Nobeyama (Nitta-san talk)
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