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How single photonTES detector works
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HiStory

S. Langley, “The Bolometer,” Nature, vol. 25, p. 14, 1881.

i'flii‘ The Effect of Alpha-particles on a Superconductor*
0 D. H. Axprews, R. D). FowLes axo M, C. WiLLIAMS

O FiG.2. Chemistry Department, The Jokns Hophins Uwnisersity, Baltimore, Marytond

:_ R 0.0 1000 May 9, 1949

N — . 4 f

6{\ : ; = ' . UPERCONDUCTING bolometers have been bombarded with
. @ ; O @ m, < p & alpha-particles from a polonium source, and it is found that
= =V = i ~ countable electrical pulses are produced, one for each particle

g impact. The bolometer used in the experiment reported here was
made of a strip of columbium nitride, approximately 3.5x0.4
X 0006 mm, mounted with bakelite lacquer on a copper base,
and maintained at the operating temperature of 15.5°K in a
cryostat, as previously described;' its time constant was about
1077 sec,
To pravide a mounting for the polonium source, a glass tube
¢a. 30 ¢m long and 3 cm diameter was sealed to the cryostat nose

SSOM:Me facing the bolometer. The source could be slid back and forth in
Vst N T [ GE Coment this tube, placing it at distances from the bolometer ranging from
Bi Heoter—_ \ \\\10 Pads ; Nylon Screws 2 ¢cm to 20 cm. . ) _ ) '
; ht : The source consisted of polonium on a nickel disk 1 em diameter,
Jﬂoﬁ?;f:m % s attached to the face of a steel cylinder. A vacuum of better than

10°* ¢m was maintained in the source tube and around the
Hecter  bolometer by a charcoal trap at liquid nitrogen temperature aided
by the many contiguous surfaces at 15°K, so that the a-particles

Clarcke et al. 1977 11 traveled from the source to the bolometer with no significant loss
0FHC

NEP 10_13— 10_12 W/HZ Ce Ring 8i Absorber-)
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A Superconfducting Bolometer as a
High Sensitivity Detector for Molecular Beams

M. Cavarung, G, GALLINARO, aad G.Scouss

Istino di Fiskca Sperimentale dell™Universith
16132 Genova, Italy

Gruppo Naziosale di Strut ura della Maeria del CNUR,

(6, Navstforsdh. 20 o, 18501051 1199] { eecvived 31 Judy 10

The constructin, oprration and calibration »f a supercon
ducting bolanete: is repotied Operated o o mdocular boam
detector the boloneter has, for Argon, a naximum sensitivity
of 7108 mdecules see ! corresponcing toa N EP of3-10-13

Watt Hz -3

The uwe of a liquid He cooled Co infrared detoctor
as a high sensitivity bolometer detector for melecular
beans has been recently reporied ' and bs usefulness
in molecular scattering exgperiments has been shown *3,

The present note s int:nded to report on the con-
struction, speration and calibration cf a superconduct.
ing >olometer which, operated as a molecular beam
detector, showed an order ol nagnitude improvement
in signal 0 nose ratio compared with the previousy
uscd Ge belomietes,

A superconducting bolometer has been repornted, al-
most ten vears ago, by Marmiy and Broor ' whih
showed a noise equivalem power (N.E.P.) of about
3-107% Wart Hz "} reflection coefficient 1 0.1) with
a time constant of about 50-10 * sec. The sensitive
elem:nt was an evaporated tir film maintained at a
fixed temperature, to within 107* K, in its supercon-
ducting transition (around 3.7 "K). In this conditien
the hlm has a very large temperature coefhcient of

resistance that can le used 10 transduce a chopped
ower impat to a voltage output which may then be
nlegrate d with standard l!"‘lllil‘l"-.

Up to the present time the supescondecting bole-
neter l\.u- not l»rn - f‘lc-l\ .\Joph'n] in ln‘rn"ni spectre
swopy for two main reasons. The firs is the dilficulty
f thermo-regulating the sensitive element within 107%
K. and the second is the extreme delicacr of its con
struction.

Taking into accourt that the N.E.P. of Martin and
Bloors bolometer was reported to be limited by the
*lectronics available ar that time, we undertosk the
levelopment of a supercorductiag belometer with the
‘il'l 'l( "'l'IIIF lll" ll"\llﬂlli\ ‘l IHFF“ 1l L) "'l]l’h'l'l l'.
relaxing the reqairement that the film, when operating,
hould be homogenecous in tfemperature.

Indeed the possibilty of a superconducting thin filn
scting as a2 non isothermal bolometer is qualitatively
juite obvicus and has alse beer quantitatively discus
sed theoretically in the literature by FRANZEN ®

A superconducting bolometer of the noa isothermal
kind has also been reported by V. A KONOVODCHENKO
et al. at the 1" Lew Temperature Conlerence (S
Andrews 1968). With respsct to this point it should be
moted, however, that it is oot clea whether or not & noa
isothermal bolometer can be operated only in the way
deseribed by Framzen 3, lndecd the transition curves
obtained by us (see Fig. 1) wers of the kind expected
for a non sothermal element. Two types of operations
are then possible: namely in the region a or in the re-
gion 5. Region b corresponds to the ivpe describec In
Franzen. I/ suffcient thermal stability is available ome
can operate in region a which in our apinios, cor
responds 1o a differeat non isothermal Kind of opers.
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Reprint requess to Dr. G. Scours, Istiiuto & Fisiea Speri
meatale dell’Universith di Lenove, Viale Besedetto NV, 5,
115132 Genove, aly

F AL Cavarnmag, C, Carvmiano, and C Scowrs, 2. Nater
forsch, 22a, 413 [1967)

Fig. 2. Shematic experimental set-up

X . Fig. 1. Tranvition curve of 2 typical bolometer

PP, CanTing, M. Cavacring, M. G Doxor, and G, Scorrs,
Phys, Letiers Zi A, 288 | 193],

"L G Dosoe, G Scours, F, Tosewro, and H, Pauey, J.
Chem, Phae, 51202 [1940)

YD H MaxTix and D, Broor, Cryegenies 1, 139 [191)

WL Franzen, J.Opt. Soc. An. 53,596 | .963].

Genova, 17 Jul. 20
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Configurations

absorber

from the antenna TES
absorber / X-ray

TES

IR light

TES

,,

Re-Crystal TES microcalorimeter

Simple Ir TES on suspended
membrane

L]

for Re-187 beta decay
Presently changed to gold
absorber for Ho-163
(ERC- HOLMES)

/

Anti coincidence Xray
Space Telescope ATHENA
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TES noise spectra
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HIgh Energy Photons
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Soft X-ray Photons
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Soft x-ray Photon Resolution
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Blue Light TES SPD
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1550 nm TES SPD

M.Rajteri et , INRIM Torino
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Antenna Coupled TES

A. Lee, UCB, “Workshop CMB from Space” Tokyo 12 Dec 15

Wide Band Antenna Coupled TES Bolometer
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Microwave Antenna Coupled Bolometer
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CMB in ltaly - TES SW bolometer for the LSPE
ballon borne CMB polarisation
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L arge Array
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The NEP Challenge

Low @ TI, Ge, 2 KIR

Low @ NRAO, Ge, 1.2 mm ||}
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Towards Single Photon @ 100 GHz

Normalized Device Response

Reflectad Probe Power (a.u.)
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Micro/nano structured TES matched with
the antenna like this...
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Work Package Number 7 ] -4¥

Work Package Title Advanced superconducting techniques for particle detectors (Research, Training, Transfer of Knowledge)
Lead Beneficiary UNIGE

Participant Short Name UNIGE FNAL KIPAC CALTECH

Person-months per Participant: 47 0 0 0

Objectives:

07.1: Develop the design of antenna coupled superconducting TES holometers sensitive to the polanization for large area focal plane of microwave telescope
at 50-100 mK and very high sensitivity test in the LSPE Balloon cosmology pragram.

07.2: Choose the material and characterize the thermal and transport properties of superconducting marerial for the deteetor.

07.3: Define fabrication processes and tools and provide a TES Bolometer prototype for laboratory qualification test.

()7.4: Integration of demaonstrative few channel instrument in CMB telescope and data taking and analysis.

(7.5: Investigation of materials, structures and operating mode of superconducting single photon detector in the 100 GHz band.

07.6: Fabrication of a prototype of superconducting single photon detector in the 100 GHz band and first operation test.

Description of Work and Role of Specific Benefieiaries / Partner Organisations

T7.1: Design and modelling (UNIGE, CALTECH, ER'ESR for 9M, start M1). Design an antenna coupled bolometer for mm wave multiband with
nalarization sensitivity, This inclwdes the study of the EM coupling in a planar broad band polanization sensitive antenna, a superconducting planar
transmission line in the 100-800 GHz band, the filtering in sub-hands and the pawer dissipation in a small balometer. The modelling will couple the EM and
the Thermal sub systems as a whole.

T7.2: Muaterials und fabrication processes (UNIGE, CALTECH, FNAL, ER/ESR for 9M, start MI1). Matenals are of primary importance for the
superconducting high efficiency transmission line and filtering at this frequency hand. Ahsorber and TES must he carefully designed for best performance.
Afler the requirement’s definition, material choice or synthesis, characierizations and tests are mandaiory.

'1'7.3: Prototype fabrication and qualification (UNIGE, CALTECH, ER/ESR for 9¥, start M1). The prototype of an antenna coupled 'TES bolometer will
he tested in dilution fridge system coupled with microwave generator,

17.4: Data taking in ground or hallaon telescope (UNIGE, CALTECH, ER/ESR for 10M, start M12). We expect to integrate a small prototype in ground
telescope (at the site of QUBIC experiment) ar in the LSPE Ballon telescape.

17.5: Single photon detector in the 10-100 GHz (UUNIGE, FNAL, ER/ESR for T0M, start M1). This is a highly innovative investigation that will take
advantage of the expertise in developing anterma coupled holometers, new materials, nanostructuring and very low temperature operations (10 mK or lower). A
prototype to be tested with mm-wave EM field is foreseen.

Descnption of Deliverables

D7.1: Full EM-Thermal model of antenna coupled TES Bolometer palarization sensitive, multiband (document) - M12

D7.2: Materials study and fabrication process definition - M24

D7.3: Prototype ready and qualified at low temperature with Gun Diode - M30

D7.4: Single photon detector at 100 GHz study - M36

D7.5: Prototype ready (document and device) - M44

D7.6: Data from short campaign in CMB telescope of the antenna coupled TES Bolometer polarization sensitive, multiband (document) - M48
D7.7: Data of laboratory test of single photon detector at 100 GHz study (document) - M48§
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Conclusions

 TES is a well known and high level of readiness
technology.

 TES detector performance driven by the science and
technology case: Xray, CMB, DM, 23 decay, metrology,
analysis tools...

* IR light TES (and other SSPDs) at 1550 driven by quantum
optics, free space communications, guantum

cryptography

e Axion Searches with Single Photon Detection in GHz Band
opens a new and big challenge ... "No risk, no Fun”



