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5.3 Cross-Section
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Collision is when two bodies run into each other

Collision or scattering experiments are

important to understand the nature of interaction

between two particles.

Nature of interacting Particles/bodies.

The most important in a collision or scattering is

the cross-section of collision/Scattering.

To understand the cross section, we will start

from very simple examples.
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5.3 Cross-Section

Let us consider a point mass A is incident on a body B. The probability that 

ball/mass. 

A will make collision with B depends on area of B . 

If the area of B is large.   

The chance that A will hit B is more or vice versa.

Therefore, the probability that A will collide with body B is more in case the cross-

section area of   B is large.
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5.3 Cross-Section

If we replace balls by two charges. 

Then the probability of collision will be more as charge particles can be scattered 

without physical collision.   

Therefore,

The cross-section of B will be the area of an imaginary disc associated with  B.                                           

A more convenient  way to express the probability of scattering is cross-section
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5.3 Cross-Section

In collision experiment of microparticles (subatomic)

➢ Study individual particles through the scattering process is not

possible.

➢ Particles are identical and cannot be distinguished.

➢ The concept of probability is introduced in terms of the cross-section.

Cross-section can be defined as the measure of probability that

collision will take place when a single particle is bombarded on a

target having one target particle per unit volume.
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5.3 Differential Cross-Section in Canter of Mass Coordinates

Let “N” be the number of particles incident per unit area per second on target 

particles which are at rest.

Let “𝑑𝑁” be the number of particles scattered per second in solid angle “𝑑Ω′” along 

the direction given by  “𝑑𝜃′” and “𝑑𝜑′” 



The No. of scattered particles in solid angle “𝑑Ω′” will be proportional to the 

intensity of the incident particles and the magnitude of solid angle

5.3 Differential Cross-Section in Canter of Mass Coordinates

𝒅𝑵 ∝ 𝑵𝒅𝜴′

𝒅𝑵 = 𝝈 𝜽′ 𝑵𝒅𝜴′

The  constant is known as differential cross section

𝝈 𝜽′ =
𝟏

𝑵

𝒅𝑵

𝒅𝜴′

𝒅𝜴′ = 𝐬𝐢𝐧 𝜽′ 𝒅𝜽′𝒅𝝋′
Where solid angle is 

For Azimuthal symmetry 

⇒ 𝒅𝜴′ = 𝟐𝝅 𝐬𝐢𝐧 𝜽′ 𝒅𝜽′

න
𝟎

𝟐𝝅

𝒅𝝋′ = 𝟐𝝅
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5.3 Differential Cross-Section in Canter of Mass Coordinates

➢ The particles with impact parameter “s” are

scattered through angle “𝜃′”

➢ Those having impact parameter “𝑠 + 𝑑𝑠” will

be scattered through smaller angle “𝜃′ − 𝑑𝜃′”

➢ Where all the particles in ring having radius

between “s” and “𝑠 + 𝑑𝑠” and area 2π𝑠𝑑𝑠

will be scattered in solid angle.

➢ For N is the total particles in the beam of area

A = 𝝅𝒓𝟐 (say: r is the radius of the circular

beam), particles on surface of the ring

between “s” and “𝑠 + 𝑑𝑠” and area 2π𝑠𝑑𝑠

will be

𝒅𝑵 = 𝟐𝝅𝒔𝒅𝒔𝑵
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5.3 Differential Cross-Section in Canter of Mass Coordinates

Therefore,  

𝒅𝑵 = 𝟐𝝅𝒔𝒅𝒔𝑵 = 𝒅𝑵 = 𝝈 𝜽′ 𝑵𝒅𝜴′

⇒ 𝟐𝝅𝒔𝒅𝒔𝑵 = 𝝈 𝜽′ 𝑵 𝟐𝝅 𝐬𝐢𝐧 𝜽′ 𝒅𝜽′

⇒ 𝟐𝝅𝒔𝒅𝒔𝑵 = 𝟐𝝅𝑵𝝈 𝜽′ 𝐬𝐢𝐧 𝜽′ 𝒅𝜽′

⇒ 𝒔𝒅𝒔 = 𝝈 𝜽′ 𝐬𝐢𝐧 𝜽′ 𝒅𝜽′

⇒ 𝝈 𝜴′ =
𝒅𝝈 𝜴′

𝒅𝜴′
=

𝒔

𝐬𝐢𝐧 𝜽′

𝒅𝒔

𝒅𝜽′
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Now the total Cross section will be 

𝝈𝑻 = න 𝝈 𝜽′ 𝒅𝜴′

𝝈𝑻 = 𝟐𝝅 න 𝝈 𝜽′ 𝐬𝐢𝐧 𝜽′ 𝒅𝜽′

This represent the total probability of particles scattered in all directions per unit 

intensity of incident bean per second. 

5.3 Differential Cross-Section in Canter of Mass Coordinates
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5.4 Relation between cross section in  C.M. and Lab. Coordinate system

Since the particles scattered in a solid angle 𝒅𝑵 = 𝟐𝝅𝑵𝝈 𝜽𝟏 𝐬𝐢𝐧 𝜽𝟏 𝒅𝜽𝟏 in 

laboratory system is equal to that scattered  in corresponding solid angle 

𝒅𝑵 = 𝟐𝝅𝑵𝝈 𝜽′ 𝐬𝐢𝐧 𝜽′ 𝒅𝜽′ in C.M system. therefore 

𝟐𝝅𝑵𝝈 𝜽′ 𝐬𝐢𝐧 𝜽′ 𝒅𝜽′ = 𝟐𝝅𝑵𝝈 𝜽𝟏 𝐬𝐢𝐧 𝜽𝟏 𝒅𝜽𝟏

Since the scattering angle in Lab. And C.M system are related by relation 

𝝈 𝜽′ = 𝝈 𝜽𝟏

𝐬𝐢𝐧 𝜽𝟏

𝐬𝐢𝐧 𝜽′

𝒅𝜽𝟏

𝒅𝜽′

𝒕𝒂𝒏 𝜽𝟏 =
𝒔𝒊𝒏𝜽′

𝒎𝟏
𝒎𝟐

+ 𝒄𝒐𝒔𝜽′

If 𝑚1 = 𝑚2

𝜽𝟏 =
𝜽′

𝟐
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5.4 Relation between cross section in  C.M. and Lab. Coordinate system

𝝈 𝜽′ = 𝝈 𝜽𝟏

𝐬𝐢𝐧 𝜽𝟏

𝐬𝐢𝐧 𝜽′

𝒅𝜽𝟏

𝒅𝜽′
= 𝝈 𝜽𝟏

𝐬𝐢𝐧
𝜽′

𝟐
𝐬𝐢𝐧 𝜽′

𝒅𝜽′

𝟐
𝒅𝜽′

Now if 𝑚1 ≫ 𝑚2 ⇒ 𝜽𝟏 = 𝜽′

𝝈 𝜽′ =
𝟏

𝟐
𝝈 𝜽𝟏

𝐬𝐢𝐧
𝜽′

𝟐

𝟐 𝐬𝐢𝐧
𝜽′

𝟐
𝐜𝐨𝐬

𝜽′

𝟐

𝒅𝜽′

𝒅𝜽′

𝝈 𝜽′ =
𝟏

𝟒 𝐜𝐨𝐬
𝜽′

𝟐

𝝈 𝜽𝟏 =
𝟏

𝟒 𝐜𝐨𝐬 𝜽𝟏
𝝈 𝜽𝟏

𝝈 𝜽′ = 𝝈 𝜽𝟏

𝐬𝐢𝐧 𝜽𝟏

𝐬𝐢𝐧 𝜽′

𝒅𝜽𝟏

𝒅𝜽′
= 𝝈 𝜽𝟏

𝐬𝐢𝐧 𝜽′

𝐬𝐢𝐧 𝜽′

𝒅𝜽′

𝒅𝜽′

𝝈 𝜽′ = 𝝈 𝜽𝟏
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5.4 Effective Cross Section for scattering of particle with radius b by a 

sphere of radius a

Consider an elastic scattering of sphere having mass  m1 and radius b by a target 

sphere of mass  m2 and radius a in the C.M and Lab. System.

The law of force 
𝑉 = ቊ

∞ 𝑟 < 𝑎 + 𝑏
0 𝑟 > 𝑎 + 𝑏

The incident sphere will get scattered

after rebounding from the surface of the

target sphere.

The impact parameter in this case is;

𝒔 = 𝒂 + 𝒃 𝒔𝒊𝒏 𝜶

𝒔 = 𝒂 + 𝒃 𝒔𝒊𝒏
𝝅 − 𝜽′

𝟐
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5.4 Effective Cross Section for scattering of particle with radius b by a 

sphere of radius a

𝒔 = 𝒂 + 𝒃 𝒄𝒐𝒔
𝜽′

𝟐

Differentiating above equation

𝒅𝒔

𝒅𝜽′ = −
𝟏

𝟐
𝒂 + 𝒃 𝒔𝒊𝒏

𝜽′

𝟐

𝝈 𝜽′ =
𝒔

𝐬𝐢𝐧 𝜽′

𝒅𝒔

𝒅𝜽′

𝝈 𝜽′ =
𝒂 + 𝒃 𝒄𝒐𝒔

𝜽′

𝟐
𝐬𝐢𝐧 𝜽′

−
𝟏

𝟐
𝒂 + 𝒃 𝒔𝒊𝒏

𝜽′

𝟐

𝝈 𝜽′ =
𝒂 + 𝒃 𝟐𝒄𝒐𝒔

𝜽′

𝟐
𝒔𝒊𝒏

𝜽′

𝟐
𝟐 𝐬𝐢𝐧 𝜽′
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𝝈 𝜽′ =
𝒂 + 𝒃 𝟐

𝟒

𝟐𝒔𝒊𝒏
𝜽′

𝟐
𝒄𝒐𝒔

𝜽′

𝟐
𝐬𝐢𝐧 𝜽′

𝝈 𝜽′ =
𝒂 + 𝒃 𝟐

𝟒

𝐬𝐢𝐧 𝜽′

𝐬𝐢𝐧 𝜽′

𝝈 𝜽′ =
𝒂 + 𝒃 𝟐

𝟒
Now the total scattering Cross section in C.M system 

𝝈𝑪.𝑴 = න 𝝈 𝜽′ 𝒅𝜴′

𝝈𝑪.𝑴 = න
𝒂 + 𝒃 𝟐

𝟒
𝒅𝜴′

5.4 Effective Cross Section for scattering of particle with radius b by a 

sphere of radius a
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𝝈𝑪.𝑴 =
𝒂 + 𝒃 𝟐

𝟒
න

𝟎

𝝅

𝟐𝝅 𝐬𝐢𝐧 𝜽′ 𝒅𝜽′

𝝈𝑪.𝑴 = 𝝅 𝒂 + 𝒃 𝟐

5.4 Effective Cross Section for scattering of particle with radius b by a 

sphere of radius a

Now in the lab system

If 𝑚1 = 𝑚2

𝝈 𝜽′ = 𝝈 𝜽𝟏

𝟏

𝟒 𝐜𝐨𝐬 𝜽𝟏

𝝈 𝜽𝟏 = 𝝈 𝜽′ 𝟒 𝐜𝐨𝐬 𝜽𝟏

𝝈 𝜽𝟏 =
𝒂 + 𝒃 𝟐

𝟒
𝟒 𝐜𝐨𝐬 𝜽𝟏
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𝝈 𝜽𝟏 = 𝒂 + 𝒃 𝟐 𝐜𝐨𝐬 𝜽𝟏

Integrating above equation

𝝈(𝜽𝟏)𝑻 = න 𝝈 𝜽𝟏 𝒅Ω = 𝟐𝝅 𝒂 + 𝒃 𝟐 න
𝒐

𝝅
𝟐

𝐬𝐢𝐧 𝜽𝟏 𝐜𝐨𝐬𝜽𝟏 𝒅𝜽𝟏

5.4 Effective Cross Section for scattering of particle with radius b by a 

sphere of radius a

𝝈(𝜽𝟏)𝑻 = 𝝅 𝒂 + 𝒃 𝟐

𝝈(𝜽𝟏)𝑻 = 𝟐𝝅 𝒂 + 𝒃 𝟐 න
𝒐

𝝅
𝟐

𝐬𝐢𝐧 𝜽𝟏 𝐜𝐨𝐬𝜽𝟏 𝒅𝜽𝟏

𝟏

𝟐
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If 𝑚1 ≪ 𝑚2 𝝈 𝜽′ = 𝝈 𝜽𝟏 =
𝒂 + 𝒃 𝟐

𝟒

𝝈(𝜽𝟏)𝑻 = න 𝝈 𝜽𝟏 𝒅Ω =
𝒂 + 𝒃 𝟐

𝟒
න 𝒅Ω

𝝈(𝜽𝟏)𝑻 = 𝟐𝝅
𝒂 + 𝒃 𝟐

𝟒
න

𝒐

𝝅
𝟐

𝐬𝐢𝐧 𝜽𝟏 𝒅𝜽𝟏

5.4 Effective Cross Section for scattering of particle with radius b by a 

sphere of radius a

𝝈(𝜽𝟏)𝑻 =
𝝅

𝟐
𝒂 + 𝒃 𝟐 න

𝒐

𝝅
𝟐

𝐬𝐢𝐧 𝜽𝟏 𝒅𝜽𝟏 =
𝝅

𝟐
𝒂 + 𝒃 𝟐

If 𝑚1 ≪ 𝑚2 mean 𝑎 ≫ 𝑏
𝝈(𝜽𝟏)𝑻 =

𝝅

𝟐
𝒂𝟐


