137

137

Abstract

BET A DECA Y

(revised 3/27/9 0)

Adv anced Lab oratory

, Physics 407

University of Wisconsin

Madison, Wisconsin 53706

The b eta decay sp ectrum of Cs is measured using a magnetic sp ectrometer

and a Geiger counter detector for the electrons. A Kurie plot analysis is made to

extract the b eta decay parameters and compare to theory

. The internal conversion

line resulting from the decay scheme of Cs is also studied.

Theory

−

−

−

−

−

− − e

e

e

e

μ

μ

e μ

137 137

+

+

→

→

•

•

•

−

−

− −

−

→ e ν

e ν

h

e

e

ν

ν

γ

μ

μ μ

μ

ν μ

ν μ

γ

μ e ν ν

Beta decay refers to the pro cess in which a nucleus sp ontaneously breaks down by emitting

an electron (a “Beta ray”) and an antineutrino. The pro cess is seen in the decay of a free

neutron to a proton, electron and an antineutrino, releasing 785 keV with a half life of 10.5

minutes:

n p + + ¯

The pro cess is also seen in the decay of nucleii which have to o many neutrons to b e stable.

The pro cess always increases the atomic numb er Z of the nucleus due to the extra proton

which is created. The example used in this exp eriment is:

Cs Ba + + ¯

The neutrino was p ostulated in 1931 by Pauli to explain how in b eta decay the following

could b e conserved:

energy – if no neutrino, then energy disapp ears.

linear momen tum – the p and e do not recoil in opp osite directions.

angular momentum – if no neutrino, then 1/2 ¯ of angular momentum disapp ears.

There are several features which should b e noted:

1. The antineutrino is also required to balance the “e-lepton numb er.” It is p ossible to

assign such a quantum numb er to particles; for example:

electron e-lepton numb er = +1

p ositron = 1

e-neutrino = +1

¯ e-antineutrino = 1

muon, neutron, proton, etc. = 0

The conserv ation of “e-lepton numb er” expresses the fact that we have never observed

electrons or e-neutrinos b eing created or destroyed except in pairs.

Although not needed in this exp erimen t, you should know of a similar -lepton num-

b er which is also conserved.

+ muon lepton numb er = +1

muon = 1

neutrino = +1

¯ antineutrino = 1

electron, neutron, proton, etc. = 0

F or example, the decay of a muon must ob ey b oth conserv ation laws (check this):

+ ¯ +

2. The neutrino has unusual prop erties:

(a) It must move at or ab out the velo city of light b ecause it has a very small if not

exactly zero rest mass.

→

e e ν

1

2

+

(b) It has a very small interaction with normal matter. A neutrino can easily pass

through a light-day of lead.

(c) It has a spin of (similar to that of an electron rather than the spin 1 of a

photon).

(d) The spin of a neutrino is ab out the direction of motion. The spin vector of a

neutrino is opp osite to its momen tum and that of an antineutrino is parallel to

its momen tum.

(e) It has zero charge.

3. Some nucleii which are proton-rich sp ontaneously emit p ositrons by changing a proton

to a neutron.

p n + +

This o ccurs only within a nucleus since a proton has a smaller rest mass than a

neutron and so cannot decay by itself.

4. Energy and momentum must b e conserved in the decay

. Hence, dep ending up on the

angles of the ejected particles, v arious energy v alues are found for the electrons. It

was this distribution of observed electron energies as well as the imbalance of spin

angular momentum which led to the prediction of the neutrino as a particle with no

mass or charge.

5. Beta Decay is an example of the weak interaction. Remem b er that all interactions

can b e classified as either strong, electromagnetic, weak, or gravitational.

6. An electron can b e kno cked out of the electron “cloud” of an atom by a photon. This

is the Photo-Electric effect or the Compton Effect (not Beta Decay). If the photon

originates in the nucleus and kno cks out an atomic electron, then that phenomenon

is called “Internal Conversion”. In this exp eriment b oth b eta decay electrons and

internal conversion electrons are detected.

The following is extracted from “Atomic and Nuclear Physics” by D. L. Livesey (Blais-

dell Publishing Co., 1966)

2

2

0

−

− − −

×

×

×

−

−

−

⊥ ‖ ⊥ ‖

‖

‖

‖ ‖

⊥

⊥

1 2

2

1 2

2

3 2

2

3

2

3

2

3

2

3

2

2

Momen tum Sp ectrometer

o

v

c

/

o

o o

o

/

o

o o

/

o o

o o

o o

o

o

ev B

γ m

o

o

⃗ p γ m ⃗ v

γ

⃗

F d⃗ p

dt d

dt γ m ⃗ v

γ m d ⃗ v

dt dγ

dt m ⃗ v

γ m d ⃗ v

dt d

dt

⃗ v . ⃗ v

c m ⃗ v

γ m d ⃗ v

dt

/ m ⃗ v

⃗ v . ⃗ v

c c

⃗ v .

d ⃗ v

dt

γ m ⃗ a γ m ⃗ v

⃗ v . ⃗ a

c

.

⃗ a

⃗

F m ⃗ a v << c

⃗

F e ⃗ v

⃗

B .

e ⃗ v

⃗

B γ m ⃗ a γ m ⃗ v

⃗ v . ⃗ a

c

.

⃗ a a a a ⃗ v ⃗ v

γ m a γ m v v a

c

γ m a , a .

e ⃗ v

⃗

B γ m a ,

a

v

a v

r

.

v

r ev B

γ m

γ m v B er

p B er.

W e first review some relativistic equations. The relativistic momentum is defined =

where = (1 - ) . F orce is equal to the time rate of change of momentum :

= = ( )

= +

= + (1 )

= 1 2 (1 ) (

2

)

= + ( )

where is the acceleration. Check that this agrees with = if .

In this magnetic sp ectrometer, the force F is caused by the field B:

= ( )

The acceleration may b e found from the two equations ab ove:

( ) = + ( )

This is a vector equation. Let = + where is p erp endicular to and a to .

The comp onents parallel to v are:

0 = + ( )

= hence = 0

The comp onents p erp endicular to v are:

( ) =

hence = ( )

In this sp ectrometer, the field B is p erp endicular to . The acceleration causes a circular

orbit of radius r:

=

Hence,

=

=

=

In this exp eriment, the field direction is chosen so that negative charges have a tra jec-

tory leading to the detector. The source emits electrons with v arious angles and v arious

momenta.

15