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Long Duration Balloon
experiment for mm & sub-mm
astronomy > SZ effect
Operates from the stratosphere
- launch from Svalbard
Cassegrain telescope, 2.6m
aperture

Multifrequency arrays of
bolometers

Low resolution spectrometer
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The OLIMPO DFTS: a Differential
Fourier Transform Spectrometer

* The instrument is based on a double
Martin Puplett Interferomete. Double to
avoid the loss of half of the signal.

e A wedge mirror splits the sky image in
two halves I, and |, used as input signals for
both inputs of the two FTS's.

¢ In the FTSs the beam to be analyzed is split
in two halves, and a variable optical path
difference is introduced.

See Schillaci et al. A&A 565, A125, 2014 for a
detailed description of the instrument. The
output brightness is

1 1
I = ZUa+ 1p) + o = ) cos(0)

O = variable phase shift, introduced by the variable optical
path difference.

Only the difference between the two input brightnesses is
modulated by the variable optical path difference.

Olimpo Telescope

Focal plane AD =30 arcmin in the sky

Cryostat with
detector arrays
(4 sub-bands)




The real thing....
... and measured interferograms
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OLIMPO sub-bands

Cryogenic optics box with
reimaging, dichroics, arrays
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Pre-flight calibration of OLIMPO produces the following expectation for the
in-flight performance :
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A. Paiella, et al., Kinetic Inductance Detectors for the OLIMPO experiment:
design and pre-flight characterization, JCAP01(2019)039, 2019
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Calibration lamp signals (10 mK optical stimulator) as in-flight calibration transfer
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Figure 4. Sketch of the OLIMPO cryogenic reimaging optics (3 mirror, 4% mirror, 5 mirror, dichroics and
detector arrays). The cryogenic liquid tanks and many parts of the outer shell and shields have been hidden
to show the optical system. The calibration lamp is located in the center of the 4™ mirror, which is the Lyot
stop of the optical system, and close to the foci of the 3* and 5 mirrors. The beam from the calibration lamp,
illuminating the four detector arrays is also shown. The path of the chief ray coming from the telescope and
reaching the 150 GHz array is indicated by the blue arrows. For scale, the diameter of the 1.6K L*He tank is
45cm.
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See Masi et al. Kinetic Inductance Detectors for the OLIMPO experiment: in--flight
operation and performance JCAP 1907 (2019) arXiv:1902.08993
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Figure 7. Left panel: comparison between the calibration lamp signals at ground (red line) and
in-flight (blue line). The flight data have been renormalized to produce the same calibration lamp
signal amplitude as the data taken on the ground. The improvement of the signal to noise ratio in
flight is evident. Right panel: comparison between the noise spectra at ground (red line) and in-flight
(blue line). Both panels refer to pixel 7 of the 150 GHz array.

Channel average NETry [uK /S
[GH=] f [l Na /Ny ground in[—ﬂight]
150 10 2 182 91
250 17 8 250 31
350 23 3.5 247 T1
460 31 1.5 329 73

Table 3. Array-averages of the ratio between the noise at ground (IN,) and in-flight (/V;), and noise
cquivalent temperature (in the Rayleigh-Jeans approximation, referred to the eryostat window, at the
signal frequencies f expected during the scans of the DEF'TS mirrors. In both cases the instrument was
in photometer configuration. In-flight, the telescope was observing the sky at 15° elevation. The uncer-
tainty on the NET estimates is of the order of 15% for the ground NET and 20% for the in-flight NET.
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( See Masi et al. Kinetic Inductance Detectors for the OLIMPO experiment: in--flight
e operation and performance JCAP 1907 (2019) arXiv:1902.08993
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Expectation from in-flight
NEP measurements:

24 hours of data on a rich
cluster (y=8x10-)
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Response of KIDs to cosmic rays in the stratospherlc enwronment — first test ever
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See Masi et al. Kinetic Inductance Detectors for the OLIMPO experiment: in--flight
operation and performance JCAP 1907 (2019) arXiv:1902.08993



Interferograms
barely larger
than detector
noise (180
uK/sqrt(Hz)) in
raw data

Optical path
difference:
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In-fllght A B balance test : pointing blank sky, 150 GHz band
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Preliminary. Analysis: G. D'Alessandro



7 ’:.LIMPO leTS prellmmary performance
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In-flight A-B signal test :
observing faint sky brightness gradient,

150 GHz band, several pixels, raw data
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In- fllght A B S|gnal test

observing faint sky brightness gradient,
460 GHz band, several pixels, raw data
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2 OLIMPO DFTS prellmmary performance
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* Very preliminary analysis, much more to come, not

ready to make quantitative statements
 DFTS implementation (@room temperature) basically
working:
= Detectors withstand well the background change when
interferometer inserted
= Mirrors moving smoothly
= Mirror position accurately monitored
= |nstrument well balanced
= Data analysis under way

 This has been a test-flight. More data in a forthcoming
science flight.
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The Future of OLIMPO:
Photon-noise-limited DFTS

Balloon (45° elevation) Space

Current OLIMPO Cryo spectrometer Satellite

Band Background NEP Background NEP Background NEP
Center | 240K 240K 2K 2K 2K 2K
(GHz) spectrometer spectrometer spectrometer spectrometer spectrometer | spectrometer
& telescope & telescope 240K telescope 240K telescope | & 40K & 40K
(pW) (W/sqrt(Hz)) (pW) (W/sqrt(Hz)) telescope telescope
(pW) (W/sart(Hz))
150 8 1.1x10716 2.6 6.5x10Y 0.5 2.9x10Y
250 50 2.6x10°%6 14 1.3x1076 1.1 3.9x10°7
350 15 1.6x1076 5 9.0x10" 21 1.6x10Y
460 33 2.4x10°16 12 1.5x10°16 0.4 2.7x10V

e Current OLIMPO (240K spectrometer) basically optimized, for warm telescope

e 2K spectrometer would gain a factor 2-ish in NEP
—> we plan to re-fly OLIMPO as it is and get science data (see below).

« Satellite version with cold interferometer and 40K telescope can gain a factor 5-10
in NEP (plus gain from larger telescope area) -> Millimetron



The near- future of OLII\/IPO

OLIMPO — CLUSTERS Dec frac NAME
~0.578 5 o 1 212.83 52.2 18000 1 3C295CLUSTER
1] 40| 194.95 | 27.98 300 0 ABELL1656
2| 43| 203.13| 3051 3600 1 ABELLIT5%
3| 44| 20548 | 2637 3600 1 ABELLITTS
" 4] 45| 207.25] 2659 3600 1 ABELLI17%
5] 48| 21672 16.68] 18000 1 ABELL1913
6] 49| 22318 16.75| 11360.88] 1.27 ABELL1983
_ 7| 50| 223.63| 1863 18000 1 ABELL1991
¥, 8| 51| 22321 58.05| 364053| 1.2% ABELL19%5
=) 5| 53| 22756 3353] 18000 1 ABELL2034
8 10 54| 220.10 7 3600 1 ABELL2052
11| 55| 230.76 | %64 3600 1 ABELL2063
12| 56| 234.95| 21.77 3600 1 ABELL2107
&9 13| 57| 236.25| 36.06] 18000 1 ABELL2124
14| 58| 239.57| 2123 3600 1 ABELL2142
15| 59| 240.57| 159 3600 1 ABELL2147
. 16| 61| 247.04 4091 18000 1 ABELL2197
200 250 500 350 17| 62| 247.15| 39.52 3600 1 ABELL2199
A [Deg] 18] 63| 248.19| 558 3600 1 ABELL2204
19| 65| 250.00 | 46.69 3600 1 ABELL2219
20| 66| 25568 34.05 7230 | 149 ABELL2244
: 21| 69| 260.62] 3215] _ 18000 1 ABELL2261
* Ina C_"'CUmp0|ar summer |Ong 22| 70| 290.19] 43.96 3600 1 ABELL2319
23| 71| 328.39| 1767 3600 1 ABELL2300
duration ﬂlght (>200h) we plan to 24| 68| 24124 | 23.92] 1304575] 1.1 AW
observe 40 selected clusters and 25| Too [ 29087 [ 4073] " fsoo0[ 1 CYCITSE
. ; . 26| 101| 2012] 30.19] 18000 1 GHO1322+3027
to perform a blind deep |nteg|’a'[|0n 27| 102] 24111 4308]  18000] 1 GHO1602+4312
. 28 | 107| 23046| 771 3600 1 MEWO033
on a clean Sky region 25 | 120] 22861] 3661]  18000] 1 M51512 4+3647
o 30| 121| 2450 | 26.56] 13147.05] 1.1 MS51621.572640
° We have Optlmlzed the 31] 128] 20115 1393 18000 0 NGC5129GROUP
. . L - 32| 134 199.34 | 20.19| 18000 1 RDCEI1317+2911
observation plan distributing the £ N P W I I = FXT1524.670557
: : : 34| 150 21173 | 28.57| 13000 1 WARPI1406.5+2834
|n_tegrat|0n time among_the ] 35| 151| 2138| 362| 18000 1 WARPI1415. 143612
36| 161 194.02| 2595  18000] 0 [VIFOE]128
different targets according to their ] 1ol ezl 5oe] 1wl G D PES
brightness and diurnal elevation. 38 [ 163] 20571 4047] 1soo0] 1 [VMFOE] 145
35| 164 214.12| 4478| 18000 1 [VIFAE]158
40| 165] 25047 40.03] 18000 1 [VIFS8]184

ASl is evaluating options for the next flight opportunity




The near-future of OLIMPO

e OLIMPO will also attempt to measure filaments between clusters
e |mportant for synergic study with forthcoming X-ray surveys, like
Athena

I
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ASl is evaluating options for the next flight opportunity
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The far future of OLIMPO: A differential
Fourier-Transform Spectrometer (DFTS) for
Millimetron : 0.1-1 THz

v ™ DFTS IMPLEMENTATION:
* OLIMPO is an excellent pathfinder for a
* Spectral distortions of the CMB DFTS instrument in space
* Spectral dependance of CMB anisotropy « The balance test performed with
* important for calibration of anisotropy P .
gg_adsugﬁments, and powerful check for foreground OLIMPO was an expec|a||y severe test
1au .
» detect small effects due to frequency-dependent (room T interferometer and
— éfﬂt;g:g gfnCdMgt?r:]thZZurces spectrometer) and was successfull
*  Separation of components * Phase-A study (ASI + Kayser IT) for a
" Physical properties of the gas (thermal 52) cryogenic DFTS for Millimetron
* Non thermal properties (relativistic SZ) Completed using 1/4 of the focal plane
Survey 100000+ clusters up to z=3.5 r 4 )
Scaling relations area and available cryogenic volume

* SZin giant radiogalaxies lobes

Survey of high-z galaxies with the C+ line
* 10000+ galaxies in 100 hours
* Beat confusion using spectroscopy
* Get accurate high-z luminosity function
* Select evolutionary models
* Other fine structure lines and metallicity

AGN survey (cover transition from
synchrotron to dust)

Galactic & planetary science (a lot...)




