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e Positron (anti-electron)
» predicted by Dirac (1928) -- needed for relativistic
Cloud chamber quantum mechanics
« Container filled with gas (e.g. air), plus vapor close s existence of ﬂnfipﬂrTiC]ES doubled the number of known

to its dew point (saturated) PCIFT!CIESI”
= Passage of charged particle = ionization;
» Ions form seeds for condensation = condensation
takes place along path of particle = path of
particle becomes visible as chain of droplets

Cloud Chamber Reveals Tracks
of Charged Particles

Track ol Slopping
Alpha Particle

Rarlioactive
Source on Pl

Condensing Layer
of Alcohol

i Dry Ice

= positron track going upward through lead plate

+ photographed brl Car| Anderson (August 2, 1932),
while photographing cosmic-ray tracks in a cloud
chamber

+ particle muvin? uﬁwurd, as determined by the increase
in curvature of the top half of the track after it
passed through the lead plate,

+ and curving to the left, meaning its charge is positive.

| .
© Copyright California Institute of Technology. Al rights reserved.
Commercial use or modification of this material is prohibited.




Nuclear Chemistry hatp://chemcases.com/nuclear/n

General Chemistry Case Studies

Nuclear Chemistry

Discovery of the Neutron (1932)
Dr. Frank Settle
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The story begins in 1932, with the discovery of the neutron by Sir James
Chadwick, an English physicist.

Until 1932, the atom was
known to consist of a positively
charged nucleus surrcunded
by enough negatively charged
electrons to make the atom
electrically neutral. Most of the
atom was empty space, with
its mass concentrated in a
tiny nucleus. The nucleus was
thought to contain both
protons and electrons
because the proton (otherwise
known as the hydrogen ion,
H*) was the lightest known
nucleus and because electron:
were emitted by the nucleus
in beta decay. In addition to
the beta particles, certain
radioactive nuclei emitted
positively charged alpha
particles and neutral gamma
radiation. The symbols for

Sir James Chadwick (Courtesy of the
American Institute of Physics) (left), Lord
Rutherford at Cambridge (right)

these emissions are b ~ or
_leo, a2+ or 24He2*’, and

%

Twelve years earlier, Lord Ernest Rutherford, a pioneer in atomic structure, had
postulated the existence of a neutral particle, with the approximate mass of a
proton, that could result from the capture of an electron by a proton. This
postulation stimulated a search for the particle. However, its electrical neutrality
complicated the search because almost all experimental techniques of this period
measured charged particles.

In 1928, a German physicist, Walter Bothe, and his student, Herbert Becker, took
the initial step in the search. They bombarded beryllium with alpha particles
emitted from polonium and found that it gave off a penetrating, electrically neutra
radiation, which they interpreted to be high-energy gamma photons.
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NEUTRON DISCOVERY
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Gargamelle: Neutral current discovery
Bubble chamber A.Lagarrigue, A. Rousset, P. Musset et al. in 1973

e bubble chamber

= Vessel, filled (e.g.) with liquid hydrogen at a
temperature above the normal boiling point but held
under a pressure of about 10 atmospheres by a
large piston to prevent bailing.

= When particles have passed, and possibly
interacted in the chamber, the piston is moved fo
reduce the pressure, allowing bubbles to develop
along particle tracks.

= After about 3 milliseconds have elapsed for bubbl

"Strange particles”

-
to grow, tracks are photographed using flash e Kaon: discovered 1947; first called "V" partig
photography. Several cameras provide stereo view T E—
of the tracks. B et ‘;-'"’ I W R,“F

= The piston is then moved back to recompress the
liquid and collapse the bubbles before boiling can
occur.

o Invented by Glaser in 1952 (when he was drinkin
beer)

K' production and decay
pbar p — p nbar KO K- x* 7 0 in a bubble chamber

nbar + p — 3 pions
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Spark chamber

T gas volume with metal plates (electrodes); filled with
gas (noble gas, e.g. argon)

i charged particle in ga& ionizationY electrons
liberated; passage of particle througtigger counters

HV between electrode¥ strong electric field;

i electrons accelerated in electric fiMdcan liberate
other electrony avalanche of electrons

Y of plasma between electrodes along particle path:
electric breakdowlY dischargeY spark

T HV turned off to avoid discharge in whole gas volume
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1962 Neutrino muon discovery

OBSERVATION OF HIGH -ENERGY NEUTRINO REACTIONS AND THE
EXISTENCE OF TWO KINDS OF NEUTRINOS.

By G. Danby, J.M. Gaillard, Konstantin Goulianos, L.M. Lederman, N.
Mistry, M. Schwartz, J. Steinberger (Columbia U. & Brookhaven),. 1962.
Phys.Rev.Lett.9:3644,1962
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MICROMEGAS

MICROMEGAS

Y. Giomataris, Ph. Rebourgeard, J.P. Robert, Charpak, NIMA376(1996)2

Y. Giomataris, Ph. Rebourgeard, J.F Robert and G. Charpalk
MIPN ASTE (1996 29
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Micromegas performance

High radiation resistance : > 30 mC/mm2 5 LHC years
G. Puill, et al., IEEE Trans. Nucl. Sci. Ni& (6) (1999)1894.

Sub-nanosecond time resolution

Argon /iCH _(10%) Time of flight, fast TPC

: 8 keV
Good energy resolution

Signal discrimination

by NA48-KABES
600 ps
3.1 keV .
100 200 300 400 500 600 700 800 900 :
ADC channel Lo —rt s
A. Delbart,Nucl.Instrum.Meth.A461:8487,2001
Excellent single electron resolution } ¥1] 909 U9 Ua ] 9 Us<d2mso a Us h U d uu
UV photodetector
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Micromegas detectors using conventional technology

| COMPASS
(] 40x40 cn® Micromegas
S L g | Y

NA48
High rate, high resolution
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Micromegas chamber for n_TOF

n_TOF tube

Micromegas
detector

Flange ISO 200
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Lemo connection

Piccoloin Casaccia reactor
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New teclinsliggy -~ ATLAS-SLH
Bulk Mivanrgas | ™

L Giomataris et al., Nucl.Instrum.Meth.A560: 4054082006
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A large TPC for T2K experiment

T2K: a long baseline neutrino oscillation experiment
Intensen. beam with 650 MeV/cenergy meanfor neutrino oscillation study
Main goal : Direct search forn; n,appearance {5

near detector
ND280

TPC :

- Measure charge and momentum of charged particles

-Particle identifi cpmndipon to distinguish e, O,
- Excellent pattern recognition
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