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Appendix 13:  Rütherford scattering

but they are scattered 

only by the nuclei.

The experiment:

A

a beam of α
particles

(flux F) Au foil (target) 

(density n)

detector
(count rate dN)

dΩ

The α particles actually see nuclei and electron cloud in foil
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Elastic scattering:

energy of α particle:
ϑ

Assume: 

(1) only Coulomb force,

(2) the electron cloud can be neglected,

(3) the target nucleus is stationary at all time.

(A) Trajectory of the scattered particle:

Derivation can be found in, e.g., Eisberg, Fundamentals of 

Modern Physics (QC173.E358) or Eisberg & Resnick, 

Quantum Physics of Atoms, Molecules, Solids, Nuclei, and 

Particles, (QC174.12.E34).  
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dmin is defined in Eq. [3].

(B) Scattering angle θ is larger for smaller b: 
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(C) Distance of closest approach (rmin)

By conservation of energy,
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(derived in Ch. 4)

By conservation of angular momentum (⇐ central force),
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min minr d=For b = 0, θ = 180°,
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Eqs. [2] & [6] ⇒ [7]

The same result can be obtained from Eq. [1].

At rmin, 
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(D) Cross-section

All scatterings with impact parameter < b

have scattering angle > θ.
Consider a disk of radius b.
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This is the “cross-section” for scattering through 

an angle > θ or impact parameter < b.

Assume that the target foil thickness D is small so that there is 

no multiple scattering and the α particles in the beam (flux F) 

hit the target with random impact parameter.

Then the scattering rate for scattering angle larger than θ is
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The disk area is (by Eq. [2])
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(E) Differential cross-section
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Impact factors within the annular 

ring (width db) will lead to 

scattering within the solid angle 

(subtended at the nucleus):
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(Note: 0 0)db dθ> ⇒ <
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(F) The effect of electrons

By Eq. [7],                  if b is not large.

The α particle is scattered significantly only when it is very 

close to the nucleus.
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On the other hand, 

This is just because for 0,  .bθ → →∞
Electron screening cannot be neglected very small θ.
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Then the scattering rate per unit solid angle at scattering 

angle θ is

(G) Recoil of target nucleus

The target nucleus is subject to recoil due to conservation of 

linear momentum. The recoil energy depends on θ.  It is 

maximum for θ = 180° (backward scattering).

The differential cross-section equation derived before can 

still be used if we consider the scattering in the CM frame 

and the scattering center is now the CM. 

(H) Scattering of other charge particles

The same differential cross-section equation can be used for 

any scattering process that involves only the Coulomb force, 

e.g, ep scattering, eq scattering in Ch. 4.   But you need 

proper correction for the relativistic effect.
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