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A Examples:
0,U?38 heo T34 +a (4.20 MeV)

55CS°  TheBa™ "+ b’
sBd"3 hBa3"+g(0.662 MeV)



Energy and Momentum Conservation

A When a nucleus (known mass) at rest decays
to two particles(known masses),
two equations(energy and momentum
conservation) combine to determine the
two velocitiesof the resultant particles and,
hence, their energy and momentum values.

A Discrete energy values afandgparticles
result from energy and momentum
conservation.




James Chadwick : :
(1935 Nobel Prize for Neutron Discovery) b-decay IS unlikea- or gdecay
A a andgdecays have discrete
characteristic energies that
conform to energy and
momentum conservation.

A In 1914 Chadwick observed
the continuous energy
& LIS O i NHeYay @eEtrons.
A ¢KS 02y ispepirdr dza
was confirmed by more

precise measurements in
192/1929.




b-spectrometer

1/25/12 Spectrometer available from The Science Source in Maine Internet: www.thesciencesource.com Phone: 1-800-299-5469
GM tubes, counters, sources available from Spectrum Techniques, Oak Ridge, TN Internet: www.spectrumtechniques.com
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Nucleus Model 500 Scaler with 25 mm GM tube Spectrograph with beta source and GM tube

B field vertically down across magnet pole gap

e’ curve toward left. e curve toward right.
Two ceramic disk magnets supported on an iron yoke

Magnet diameter: d = 6.2 cm Measured 12/12/2011 by RGD
Magnet separtion: s = 1.2 cm Measured 5/30/2012 by RGD

Magnetic field (B) measured with current balance 1/19/2012 by RGD:
Frnag=mg = ILB m = mass of #30 wire that balances magnetic force = 0.45 g for 100 cm wire
L = length of current balance loop wire L to magnetic field
I = current required to balance weight of #30 wire = 0.85 A for 100 cm #30 wire on balance
Magnetic field: B = 0.0665 tesla forl= 7.8 cm distance between centers of vertical wires
B =mg/IL 0.0692 tesla forL= 7.5 cm better value for L L to B
0.0701 tesla forL= 7.4 cm

Current Balance Wire Shape




-spectrometer

Geometry: 6+ 2¢ =180° Physics: KE=E-m
02 + ¢ =90°
KE = (p? + m2)1/2 i
tan (6/2) = R/r
r = R/tan(6/2) KE = m[((p/m)* + 1) - 1]

R = magnet radius p(MeV/c) = 3B(tesla)r(cm)
r = radius of curvature of beta

Pb % source
Opening in metal plate near source is

5mm wide and in Pb plate is 4 mm wide.
20 mm

Opening in front of GM tube is
a circle with diameter 5.5 0.5 mm .

GM tube
Vertical gap between

disk magnets is 12 mm.

Top View of Disk Magnet
B field into page
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b-decay Energy Spectra

Sr90 ((Counts/min) Bkgd)/MeV forDg= 5

388r'90' 39Y'90 "-bc tl/2 = 291 a
(B, = 0.546 MeV)

39Y'90' 4OZT-90 "'bc t1/2 = 27 d
(By = 2.282 MeV)
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Wolfgang Pauli dLiebRadioaktiveDamenund Herrerg :

(1945 Nobel Prize for Exclusion Principle) ¢ 5 S+ NJ wl RA 21 OUA GBS [ I F
A In his 1930 letter, Pauli proposes

a very low mass neutral particle,

s KAOK KS OlFtta |

emitted inb-decay along with the

St SOOUNRY aadzOK

the energies of neutron and_

St SOUNRY Aa O2Yya
A In 1932, Chadwick discovered the

neutron (m,f m,) ejected in

a-Be collisions

A In 1934, Enrico Fermi proposed a
UKSZNBRSDOFE& BAUK
LI NI A Of Sa NBYIl YS




FredReinesand Clyde Cowan

FredReines
(1995 Nobel Prize for neutrino observation)

X



In 1956, FredReinesand Clyde Cowan detected electron
antineutrinos from the Savannah River nuclear reactor
and sent a cable to inform Wolfgang Pauli.

e*eS grays are followed severats later by :

First, M.+ p'— n+¢€. n + Cd108MCdm109
Then eé+¢&¢ _g+g . Then  Gdnl09 MHCdA109 +grays
grays detected by photomultiplier tubes Second current spike within 3fsindicates a

produce a current spike. neutrino interaction.

(a) T=0 Positron annihilation produces electron signal.




In 1936, themuon (M) was discovered
In cloud chamber photos.

Carl Anderson SethNeddermeyer
(1936 Nobel Prize for*adiscovery)




AIn 1940, E. J Williams and G. E. Roberts mak
the first observation in cloud chamber photos
of muon decay:

>*— e* + neutral(s).

Aln 19411942, FRasettj B. Rossi, and N.
Neresonmeasure themuonmean lifetime
with coincidence and anticoincidence

counters:
_m=2.15+0.07> a



In 1947, Cecil Powell and his team discovered the piol
and observegions(p) decay tamuons(n) In
nuclear emulsion images of cosmic ray tracks.

Cecil Powell *— >*+ neutral(s)
(1950 Nobel Prize fap discovery) t,=2.6x16s

NATURE October 4, 1947 vol. 160




1988 Nobel Prize fon_ discovery USS Salem

Leon M, Lederm




In 1962, at Brookhaven AGS;G8V protons on a Be target producaidns
Pionsdecayed, p*— nt+n_. Muons stopped ith3.5 m of steefrom a
dismantled cruiser. A on spark chamber detected 28ounsproduced by
neutrinos, n+n— P+tm, with 5 of 34 single track events from cosmic
rays. Shower track distribution is unlike electron shower distribution.

Conclusion:n,I' n,

Experiment Lay Out Muon Track in Spark Chamber
(Sparks between vertical Al plates)

AGS ring section
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Spark Chamber

Muon spark track



In 1975, a thiregeneration charged leptort  was discovered by
Martin Perl and colleagues with SPEAR (4 GeV/be&ghgollider.

Martin Perl Tau t) lepton and tau neutrino K;)
(1995 Nobel Prize fdr discovery) implied by observations

A 64 events observed
et + e&__ et +nP + neutrals
et+ & __5 eb +nt + neutrals

A New lepton {) proposed with
mass 1.6< p<2.0 GeV/eand
accompanying neutrino. The
particles decay (3 x 18s) to
produce observed particles,g.
et + & —t*+tkfollowed by

t*—e"+n,+n,
and t>—sn¥ +N_+n,




2000¢ FermilabDONuTCollaboration
announces Tau Neutrinoy( detection

_ _ Combination of detector
Neutrino Beam Production  technologies used to identify,

Creating a Tau Neutrino Beam




