PHY492: Nuclear & Particle Physics

Lecture 3
Homework 1
Nuclear Phenomenology




Measuring cross sections in thin targets
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Problem 1.4

Rutherford scattering of 10 MeV P em? detectors .
o particles on Lead foil, 0.1 cm thick LA N

900 - o
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Problem 1.1: Rutherford scattering total cross section
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Problem 1.3: N.R. fwo body scattering
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Problem 1.5: Isotropic Center of Mass scattering

coSs OLab =

Angle transformation
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Problem 1.7: Relativistic electron

Electron mass m=0.511 MeV/c*

Given electron momentum e = ;e

Total energy E-= \/ p+mict = J2me?

Velocity B= % =

-

N [—

V2

Gamma y=(1-5)

Kinetic energy T =E—mc’ = (\/5 — l)mc2
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Problem 1.9: Ultra-relativistic limit 8—1

Ultra-relativistic limit

BsinO sin 6
tanf, , = M — M

Y cur (BcosGCM + ,BCM) Ve (COSOCM + 1)

Maximum at 9 = i tanf, =—

2 Y em
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Problem 1.11: Scattering rates into a detector

Alpha T=8 MeV, flux = 10* s, 0.1 mm Gold foil, p=19.3 g/cm3

A
AB=.05rad, 6=90"= n% rad =1.57 rad (note: dO = A0 if ?9 << 1 is satisfied!)

5 AO
AB=.05rad, 0=5= n@ rad =0.087 rad (d0 # AO because vy << 1 not satisfied!)

2

d 77" 1

at 90° —0(9)= € —2.02 b/sr; rate=3.5/s
a0 AE | . .0

Sin 5

d
at 5° —0-(9) =21,000/s 1is greater than beam rate!
d<Q

but d0 1s not correct!
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Nuclear Numerology

Nuclei are specified by three numbers A, Z, and N, and are labeled
by the element X, in the periodic table with that Z:

Z = # of protons (atomic number)

N =# of neutron.s (defermmes t.h.e 1sot01?e) %4 X or 2X% or A X,
A =7+ N (atomic weight, specifies the 1sotope)

X = Mnemonic for element in periodic table

For example, 0y Zis not specified except by looking in
Calcium 40 : a Periodic Table of Elements
§8Ca Z = 20, and therefore N = A-Z = 20
Neutron deficit Stable isotopes Neutron excess
*Ca ACa, A =40,42,43,44,46,48 "'Ca
Alice's Restaurant For binding energies
http://www.nndc.bnl.gov/ http://12.lanl.gov/data/map.html
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Half Lives (www.nndc.bnl.gov)
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Color code ||Tooltips
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Ground and isomeric state information for 2DCa
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0.0 O+ |-43.1349 | > 0.2BE+16 v |0.004% 3 2p

A list of levels and a level scheme are available
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Decay modes (www.nndc.bnl.gov)
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Physics of nuclei

Topics to be covered
size and shape —»

*mass and binding energy
charge distribution
sangular momentum (spin)
ssymmetries (parity)
*maghetic moments
sradioactivity

senergy levels

ereactions

Nuclear size
Binding energy per nucleon is < 1% of

the nucleon mass. The protons and
neutrons in the nucleus retain their
particle properties. Assume nuclei
are spherical and have a constant
density (not compressed).

P
- P

% B V~r3}r~A§

s V~A

Nuclear radius

r=(1.2x10""m)A>
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