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The big challenge

● CMB B-modes are a challenging 
quest (sensitivity, systematic efects, 
foregrounds). 

● Required sensitivity  10⇒ 4 – 105 
detectors

● Foreground control  1 – 2 decades ⇒
in frequency coverage

● Systematic efect control  instrument ⇒
knowledge, i.e. THOROUGH TESTING
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The big questions

● Must we test each component for all detectors?

➢ If not, how we deal with the missing information?

➢ If yes, how can we perform the tests, store the data and do 
the analysis with reasonable time and efort?
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Any clear answers?

● Unfortunately not (at least from me).

● Dealing with testing of several thousands of detectors is poorly 
charted territory, detailed information diffult to fnd in the 
literature

● Let’s see a few examples from existing experiments
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SPTpol

Prof. of SPIE Vol. 8452, 2012
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SPTpol

The complete focal plane consists of 
1536 TES bolometers (1136 at 150 

GHz and 360 at 90 GHz)
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SPTpol

● Detector properties
● Detector biases
● Uniformity in det. parameters

● Optical properties
● Time constants
● Linearity (gain stability)
● Beams
● Sidelobes
● Bandpassess
● Optical efficiency
● Polarization properties
● Optical yield

● Noise
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The paper doesn’t state 
explicitely if each parameter 

was measured for all 
detectors, but it appears that 

a large number of them (if 
not all) was tested. Let’s see 

some examples
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SPTpol

● Detector properties
● Detector biases
● Uniformity in det. parameters

● Optical properties
● Time constants
● Linearity (gain stability)
● Beams
● Sidelobes
● Bandpassess
● Optical efficiency
● Polarization properties
● Optical yield

● Noise

Stability defined as max % gain 
variation during calibration 

scans with a chopped 
calibration source
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SPTpol

● Detector properties
● Detector biases
● Uniformity in det. parameters
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SPTpol

● Detector properties
● Detector biases
● Uniformity in det. parameters

● Optical properties
● Time constants
● Linearity (gain stability)
● Beams
● Sidelobes
● Bandpassess
● Optical efficiency
● Polarization properties
● Optical yield

● Noise

Henning et al, Prof. of SPIE Vol. 8452, 2012
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Spider, BICEP2/Keck

2009, AIP Conferenfe Profeedings 1185
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Spider, BICEP2/Keck

● Testing was conducted in two phases

Prescreening conducted on subset of 
detectors, checking for critical temperature 
behaviour
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● Testing was conducted in two phases

Full focal plate characterized (transition 
temperature, shown above for one tile)
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Spider, BICEP2/Keck

● Testing was conducted in two phases

Full focal plate characterized (transition 
temperature, shown above for one tile)

512 devices

Also in this case apparently 
all detectors were tested
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BICEP2 bias tuning

● Another interesting example from BICEP2 bias tuning

Profeedings of the SPIE, Volume 7741 (2010).
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BICEP2 bias tuning
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BICEP2 bias tuning

● They reduced the bias-detector 
correspondence by lumping 
detectors in groups of 32.

● This required, however, knowing 
noise properties of all detectors
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Keck on site beam calibration

Vieregg et al, Profeedings of the SPIE, Volume 8452,  (2012).
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Keck on site beam calibration

Microwave source, 10 m 
high at a distance of 211 m 
from the instrument.

Flat mirror to redirect the 
signal into the focal plane. 
Mirror diameter allowed 
measurements of three 
detectors at a time
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Keck on site beam calibration

● Measured beams for a single 
polarization.

● The full focal plane contains 2480 
detectors

● Measured beams ftted with a 
Gaussian function496 detectors in 

each tile

Measure Fit Residual
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POLARBEAR (1274 detectors)

● An example found in the literature: polarization sensitivity 
measurements

Arnold et al, 2010, Prof. of SPIE Vol. 7741 
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POLARBEAR (1274 detectors)

● Apparently all detectors were tested, although just an example was 
provided

Arnold et al, 2010, Prof. of SPIE Vol. 7741 
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ACT – MBAC (Millimeter Bolometer Array Camera)

Three 32x32 arrays 
of TES bolometers 
for a total of 3072 
detectors
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ACT – MBAC (dark detector measurements)
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ACT – MBAC (dark detector measurements)

These were measurements aimed 
at characterizing the bolometers 
before their installation in the array.

All bolometers were tested and a 
number of parameters measured
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ACT – MBAC (noise measurements)
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AdvACT – feedhorn measurements

Profeedings of the SPIE Volume 9914 (2016)
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AdvACT – feedhorn measurements

● Focal plane of 507 corrugated 
feedhorns

● Only limited VNA measurements 
were performed (8 feeds, see 
fgure)

● Results compared with simulations

90 – 150 GHz dual-band feedhorns
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LSPE-STRIP focal plane horns measurements

E-plane H-plane

-45° Xpol+45° Xpol

Focal plane of 49 
corrugated feeds at 43 GHz
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LSPE-STRIP focal plane horns measurements

E-plane H-plane

-45° Xpol+45° Xpol

Focal plane of 49 
corrugated feeds at 43 GHz

● All radiation patterns tested at 6 diferent frequencies 
in the band (six cuts, E-H, ±45° copolar, ±45° 
crosspolar)

● Total of 1764 beam pattern measured with automated 
experimental setup (SNA + anechoic chamber)

● Developed database for fast data access and analysis
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QUBIC prototype feedhorns

● QUBIC prototype feedhorns consist of two 
64-elements feed arrays. 

● The fnal horn array will consist of two 400-
elements arrays.

● Feeds are realized from 0,3 mm Aluminium 
plates

Arxiv:1609.04372
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QUBIC prototype feedhorns mechanical testing
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QUBIC prototype feedhorns mechanical testing

● Testing of mechanical tolerances performed on all 
antenna holes (22656 holes measured)

● Reconstructed real geometry of all antenna 
corrugations.

● Only a few antennas beam pattern will be measured 
(measurements in progress)

● Mechanical measurements coupled to simulations can 
be a means of relaxing burden of extensive e.m. tests 
on optical components
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CMB-S4 – What do they say about testing?

ArXiv:1706.02464
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We know what must be done and how to do it, but we need a lot of resources to do the job
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CMB-S4 – What do they say about testing?

We know what must be done and how to do it, but we need a lot of resources to do the job

1. Systematic effect requirements demand extensive testing and knowledge of details

2. Automation and standardization is key to cope with the large number of detectors
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CMB-S4 – What do they say about testing?

If the message did not get through they echo it again in the paper conclusions
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Conclusions

● The mantra “know your instrument” cannot be underestimated.
● Apparently there is no way out from the hard way of extensive testing. 

This must be understood and made clear to funding agencies
● The key is in automation, standardization, parallelization. Tests must be 

performed in a confgured, documented, automatic and repeatable 
way

● Papers about testing of complex instruments are too few (at least in 
our feld). We should publish (and cite) more, without fear to be too 
tefhnifal, or to deal with little sfienfe. The physics of the primeval 
Universe is no diferent from the physics of a piece of instrument.
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