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Types of detectors

An electrical signal can be formed directly by ionization or photo-conversion.
Incident radiation quanta impart sufficient energy to individual atomic electrons to
form electron-ion pairs (in gases) or electron-hole pairs (in semiconductors and
metals).

Other detection mechanisms are:

Excitation of optical states (scintillators)
Excitation of lattice vibrations (phonons)

Breakup of Cooper pairs in superconductors
Formation of superheated droplets in superfluid He

Typical excitation energies:

Tonization in gases ~30 eV
Photo-conversion in semiconductors 1 -5 eV
Scintillation ~10 eV

Phonons meV

Breakup of Cooper Pairs meV



Other types of detectors: bolometers

Assume thermal equilibrium: If all absorbed energy
E is converted into phonons, the temperature of
the sample will increase by

E
AT =— Tem
C perature Absorber

sensor C(T)

where C the heat capacity of the sample (specific heat x mass).
At room temperature the specific heat of Siis 0.7 J/gK, so
E=1keV,m=1g = AT=210"°K,

which isn't practical.

What can be done?

a) reduce mass Example:

b) lower temperature to reduce heat capacity
“freeze out” any electron contribution, so
phonon excitation dominates. T=01K

m=15 g

Si =  C=410"JK
N3
Debye model of heat capacity: € = | %: E=1keV = AT=0.04K
L (@)



How do we measure the temperature rise?

thermistor

One idea: couple thermistor to silicon
and measure the resistance change: C ~vw~—E
G

Thermistors made of very pure semiconductors (Ge, Si) can

exhibit responsivities of order 1 V/K, so a 40 mK change in
temperature would yield a signal of 40 mV.

6 —
Better idea: Utilize abrupt change in EF_ |
resistance in transition from '
superconducting to normal state:

i

At sufficiently low temperatures the
electronic contribution to the heat |
capacity is negligible: C = exp(-T,./T) 1 RIS

WV SO

0 _ ; i
8.1 8.15 8.2

. Temperature [K]
Important constraint:

Since sensor resistance of order 0.1 — 1 Q, the total external resistance (internal

resistance of voltage source and input resistance of current measuring device) must

be much smaller to maintain voltage-biased operation, i.e. < 0.01 - 0.1 Q!
Difficult to achieve at relevant frequencies.

Resistance [(2]
m =
e .

o]
—




Pseudo-optical systems

2a
F'D’

) =

a
F'D

=2tan_1(

)
f.F

= 2tan " (

=29

Field of view

/

Winston Cone
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F-number




Superconducting niobium bolometer system

This Nb superconducting hot-
electron bolometer is capable of
responding to a very broad
range of wavelengths. Shown
here is a system with a single
superconducting Nb hot electron
bolometer, with Winston cone
coupling optics, control
thermometry and bias circuit,
quasi-optical filters and a
wideband noise-matched
preamplifier. This detector has
good sensitivity throughout the
mm and IR with a one
nanosecond response time.

System Optical NEP: < 100 pW.Hz-1/2 measured at 300 GHz
(100 kHz modulation.)

Bandwidth: > 200 MHz (T =1 x 10-9 second.)

Operating Temperature: 4.2K or below.

Wavelength range: > 150 microns (< 2 THz.)

Coupling Optics: 15 mm diameter at f/3.



Superconducting Bolometer Array

ACBAR (Caltech)
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Application of TES to optical astronomy

Simultaneous photon timing and spectroscopy of Crab pulsar

Background Subtracted Crab Pulsar

Photon energ
histogram

E o
0 i

Phase timing
histogram




Cryogenic detectors

Quantum limited: photon noise in IR background is
(NEP)2 = 2P hv, where P = incident power

1 Sensitivity approaching quantum level at mm wavelengths
] Voltage-biased superconducting transition edge sensors

Stable operation + predictable response

1 Sensors can be fabricated using monolithic technology developed for Si
integrated circuits, micro-mechanics (MEMS)
1 Economical fabrication of large sensor arrays
1 Open question: Readout (multiplexing of many channels)
Appears feasible, but much work to do

Critical for CMB Polarization SZ Cluster Search Next Generation WIMP detectors



TES array
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