
Week 14:  Chap. 19 Miscellaneous Detectors
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Multidimensional Detector Systems

Miscellaneous Detectors 
-- Cerenkov Radiation
-- Liquid-filled detectors … bubble chamber & rare gas
-- Thermal calorimeters  … bolometer
-- Other solid-state materials: 

films, TLDs, track-detectors

Summary/Overview Questions

“Big European Bubble Chamber”, 35 m3 of LH2, (1973-85) 
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Miscellaneous Detectors: Cerenkov Light
Cerenkov light is emitted when a particle moves through a dielectric medium at a velocity that is 
faster than the phase velocity of light in that medium.  (e.g. in water n=1.33, c=0.75cvac) The effect is one 
of a shockwave caused by the electromagnetic interaction of the particle with the atoms.  At low 
velocities (low energy)  photons emitted during the displacement/replacement of the atoms can 
destructively interfere …the number of photons that are emitted is proportional to the square of the 
velocity of the particle and to the square of the frequency of the emitted light (N.B. n is a function of n
which cuts off the spectrum).
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Miscellaneous Detectors: RICh’s 

Ring Imaging Cherenkov detector uses a “thin” radiator to form a pulse of light 
emitted like a smoke ring that is detected downstream.  The characteristic angle 
is measured by the size of the ring.
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Miscellaneous Detectors: RICh’s 
RICh detectors .. Many schemes in the high energy field

http://alice-hmpid.web.cern.ch/alice-hmpid/

http://www.ams02.org/what-is-
ams/tecnology/rich/

Part of Alpha-Magnetic Spectrometer on ISS

Combined trigger MWPC & RICh detector

Top view

Front view

Top view

http://alice-hmpid.web.cern.ch/alice-hmpid/
http://www.ams02.org/what-is-ams/tecnology/rich/
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Miscellaneous Detectors: RICh’s w/ Condensed Matter
Super-K in Japan, 1km underground
32+18 kton H2O, 11.2k PMTs



Miscellaneous Detectors: RICh’s w/ Condensed Matter
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High Altitude Water Cherenkov Gamma-ray Observatory HAWC is located on the flanks of the 
Sierra Negra volcano near Puebla, Mexico 
at an altitude of 4100 meters (13,500 feet). 
The detector has an instantaneous field of 
view covering 15% of the sky, and during 
each 24 hour period HAWC observes two-
thirds of the sky. Using the HAWC 
Observatory, we are performing a high-
sensitivity synoptic survey of the gamma 
rays from the Northern Hemisphere.

https://www.hawc-observatory.org/
https://en.wikipedia.org/wiki/Synoptic
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Miscellaneous Detectors: RICh’s w/ gas

MAGIC at MPI-Munich
236 m2 for cosmic rays

Extremely high energy g-ray from space pair-produces 
at the top of the atmosphere and creates characteristic 
shower of secondaries.

List of websites for various experiments:
http://www.mpi-hd.mpg.de/hfm/CosmicRay/CosmicRaySites.html
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Misc. Dets. – Cloud & Bubble Chambers
Cloud chambers were first developed by Charles T.R. Wilson around 1911 for 
experiments on the formation of rain clouds. The supersaturated water vapour 
condensed around ions created by dE/dx of radiation passing through the vapor.  
The difficulty lies only in creating the supersaturation (vapor cooled below its 
boiling point).  
Bubble chambers were developed by Donald Glaser (at UoM) based on the same 
principle but operating on superheated liquids like hydrogen and freons.

7’ liq. H2
At BNL
1974

Cold Surface

Liq. EtOH (cold)

EtOH vapor (warm)
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Miscellaneous Detectors: Liquid Ion-Chambers
Liquid noble gases, particularly Xe (highest density, lowest FIP of rare gases) and Ar 
(readily available) have been tested as ionization media.  Overall, the charge carrier 
mobility is so low that the electrons can be lost to impurities before they are collected 
… 
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Try scintillation:  pure liq-Xe scintillates at 
178 nm (6.93 eV) with 61k photons/MeV , 
r = 2.953 g/cm3 … µ ~ 1cm  at 0.2 MeV

Xe
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Miscellaneous Detectors: Liquid Ion-Chambers

http://arxiv.org/ftp/physics/papers/0203/0203011.pdf

NIM A505 (2oo3) 199Try scintillation:  pure liq-Xe scintillates at 
178 nm (6.93 eV) with 61k photons/MeV , r
= 2.953 g/cm3 … µ ~ 1cm  at 0.2 MeV
Purity remains an issue, Xe2

+ strong oxidizer

http://www.pd.infn.it/~conti/LXe.html
http://hepwww.rl.ac.uk/ukdmc/iop98njts/index.htm

http://arxiv.org/ftp/physics/papers/0203/0203011.pdf
http://www.pd.infn.it/~conti/LXe.html
http://hepwww.rl.ac.uk/ukdmc/iop98njts/index.htm
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Miscellaneous Detectors: Bolometer

One can measure the energy itself through a temperature rise in a 
calorimeter – the energy is tiny, the heat capacity has to be tiny to be visible.

TCmq D= C, the (specific) heat capacity, ~ T3 at cryogenic temperatures

Room temperature devices are used in plasma physics with sensitivities on 
the order of 1µW/cm2 and a time constant of 10ms.

q
A =10

−6W
cm2 0.01s =10−8

J
cm2 → 70.x109 eV

cm2

( 100MeV/A 78Kr is 8GeV )

The devices are very slow and thus have a 
large deadtime.  They completely lack any 
discrimination, but they can be extremely 
efficient and are used in searches for 
exotica in nuclear and particle physics.
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Miscellaneous Detectors: TLD
A TLD (thermo-luminescent detector) is a solid crystal phosphor when exposed to 
radiation at normal temperature, electrons in the normal crystal structure are released 
and trapped in lattice defects (traps) in the crystal structure producing a long-lived 
metastable energy state for the electrons. The electrons remained trapped for long 
periods of time at room temperature. When the crystal is heated (200-400oC), the 
electrons are released from the traps and return to their original ground state, 
emitting a photon. (Scintillation for rapid decay, phosphorescence for slow decay.)  

The number of photons is proportional to the number of electrons trapped, which in 
turn is proportional to the amount of radiation that was incident on the crystal.  

Materials include LiF and CaF2 in small chips with mm sizes.  Newer technology 
uses optically stimulated emission from Al2O3 (next slide.)

Typical precision is ~15% at low doses dropping to ~3% at high doses.

PMT
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Luxel®+ Dosimeter for X, Gamma, Beta, and Neutron Radiation

Luxel+ dosimetry service provides x, gamma, and beta radiation monitoring with
optically stimulated luminescence (OSL) technology. OSL technology is the newest
advancement in passive radiation protection dosimetry that improves on the best
features of traditional film and TLD technologies. Neutron detection, processed with
Track Etch® technology, is optional where the CR-39 is incorporated within the Luxel+
dosimeter’s clear plastic pack. Luxel+ can be packaged for personnel monitoring, area
monitoring, emergency response or other specialized services.

Luxel+ offers complete reanalysis to confirm the radiation dose measurement, imaging
of unique filter patterns that provide diagnostic capabilities to identify static or dynamic
states during radiation exposure, increased sensitivity and precision, a wide dynamic
range of measurement, and excellent long-term stability. In addition to these
technological advancements, Luxel+ can be customized to meet the administrative
needs of a radiation monitoring program through graphic, color, and packaging design
options.

Landauer’s service includes a full range of diagnostic evaluation and reporting services,
including direct computer access via the Internet to Landauer’s database for exposure
reports, shipment tracking and account maintenance transactions.

Al2O3

Filter Pack

CR-39

Luxel+ and OSL Technology
Landauer grows the specially formulated aluminum oxide
(Al2O3:C) crystalline detector material. The Al2O3 detector is
then configured into a thin strip sandwiched within a multi-
element filter pack. The filter pack is heat sealed within a
laminated, light-tight paper wrapper creating an integrated,
self-contained packet that is RF (radio-frequency) sealed
inside a tamper-proof plastic blister pack to eliminate
possible mishandling, light leakage, or lost detection
elements.

Luxel+ may be used for up to one year. It is unaffected by
heat, moisture, and pressure when the clear blister pack is
uncompromised.

Radiation exposure is measured in Landauer’s laboratory by
stimulating the Al2O3  material with selected frequencies of
laser light causing it to luminesce in proportion to the amount
of radiation exposure. The luminescence measured is applied
to a dose algorithm that relies on the response ratios
between different filter positions within the dosimeter to
discriminate between beta and photon (x and gamma)
radiation fields to determine exposure results.

Dose equivalents arising from exposures to photons (x or
gamma rays) will have a deep, lens of eye and shallow value
reported. Depending on the energy of the x or gamma rays,
these values may or may not be equal. Beta exposures are
reported only as a shallow dose equivalent.

Analysis
The Al2O3 detector can be restimulated numerous times to
confirm the accuracy of a radiation dose measurement. A full
reanalysis is automatically performed for every measurement
yielding a dose in excess of 500 mrem (5 mSv).

(Continued)

Miscellaneous Detectors: OSL
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Note that the TLD can only be readout once.  This is a 
problem for archival storage of information on dosimetry.  
A new readout technique has been developed that uses 
laser light to stimulate emission from the trapped electrons 
that leaves them in the traps.  This is called optically-
stimulated luminescence by the manufacturer Landauer.   
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Luxel®+ Dosimeter for X, Gamma, Beta, and Neutron Radiation

Technical Specifications

Luxel+ and Track Etch Technology
The optional Neutrak detector available for an additional
charge is a CR-39 (allyl diglycol carbonate) based, solid-
state nuclear track detector that measures exposure due to
neutrons. It is not sensitive to x, beta or gamma radiation,
and is sealed inside the Luxel+ plastic blister pack to
eliminate possible mishandling or lost detection elements.
The CR-39 is laser engraved for permanent identification to
assure chain-of-custody.

The fast neutron option uses a polyethylene radiator for fast
neutrons that records recoil protons resulting from neutron
interactions in the dosimeter. The thermal/ intermediate
neutron option has a dosimeter design intended for fast,

intermediate, and thermal neutrons. The left area of the chip
uses a polyethylene radiator for fast neutrons while the right
area uses a boron loaded Teflon® radiator fast, intermediate,
and thermal neutrons that records alpha particles resulting
from neutron interactions in the dosimeter.

During analysis in our laboratory, the CR-39 is etched for 15
hours in a chemical bath to enlarge exposure tracks. The fast
neutron dose is measured by counting the tracks generated
as a result of the proton recoil with the polyethylene radiator,
while the thermal/ intermediate dose is measured by counting
the alpha tracks generated with the boron radiator.

Analysis (Concluded)
The filter pack imaging area renders unique filter patterns
that provide qualitative information about conditions during
exposure. Imaging to identify static, dynamic, or contamina-
tion conditions is automatically performed for all beta and
low-energy photon measurements yielding a dose in excess
of 500 mrem (5 mSv). Imaging capabilities are inconclusive
at energies exceeding 150 keV.

Reanalysis or imaging at doses less than 500 mrem (5 mSv)
can be requested. Imaging is not available for doses less
than 50 mrem (500 µSv).

A static exposure image indicates the dosimeter may not
have been worn at the time of exposure. This is verified by
the distinct grid patterns in the filter pack imaging area. A
static exposure implies that an accidental exposure may
have occurred with the dosimeter.

A dynamic exposure image indicates the dosimeter was
moving at the time of exposure. This is verified by the blurred
grid patterns in the filter pack imaging area. A dynamic
exposure implies that the dosimeter was worn at the time of
exposure, and the reported dose is valid.

Imaging
Filter

Dynamic
Exposure

Static
Exposure
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Miscellaneous Detectors: TLD Question
“The number of photons is proportional to the number of electrons trapped, which in 
turn is proportional to the amount of radiation that was incident on the crystal.  
Materials include LiF and CaF2 … small chips with mm sizes
Typical precision is ~15% at low doses dropping to ~3% at high doses.”

Question: How many photons are emitted by the TLD device to readout a “low dose”?

0.15= N
N

=
1
N
~ 1
7

→ NPMT−photoelectrons ~ 50

ΔΩ / 4π ~ 0.5 QE ~ 0.25
NTLD−photons = (~ 50) / (0.5 * 0.25) =~ 400

PMT


