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Experimental 
Nuclear Physics

Discovery of 
neutrons - 1932

nuclear structure
and 

reaction mechanism

cross-sections 
measured
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Cock-croft Walton accelerator-1960

(n,p) reactions

An indigenous machine Prof. H.S. Hans
Prof. R.Prasad

Prof. C.S. Khurana
Prof. I.M. Govil

&
others
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Development 
of

nuclear reactors

Estimate of 
nuclear reaction 
cross-sections

Reactor design 

cross-section data

Accurate measurements 

are needed

A major turning point
in the study of 

basic science and technology
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Cross-section data

Wide range of
energy and target nuclei

Proton & alpha 
induced reactions

Reliable data base 

to test the  

capability of codes
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Accelerator Driven Sub-critical reactors
(ADS)

Protons 
and 

alpha particles 

cross-section data

Enlarged the area of 
research besides 

neutrons and gamma

Spallation neutron source

for ADS system.

A programme of measurement 
and analysis of excitation 

functions for a large number 
of reactions induced by 

protons and αααα-particles has  
been undertaken.
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Proton and

Alpha-particle beams

Work done using……

Variable Energy Cyclotron Centre  
(VECC), Kolkata, INDIA
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Activation technique

For those cases where, the residual nuclei
having the half-lives ≈≈≈≈ few minutes to few hours.

Unique decay mode-specific way of its identification 
and measurement.

Several activities of different reactions may be  
produced in an irradiated sample.

Cross-sections for several reactions can, therefore, 
be measured in the same irradiation.

In activation technique - the analysis some times 
becomes complicated due to interfering reactions. 

Simple and accurate.

Reaction 
cross-sections
measurements
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� Since, enough energy may be imparted to the 
particle  to penetrate the Coulomb barrier while 
leaving the nucleus.

� Generally speaking, higher the energy of the 
incident particle the larger is the number of 
reactions possible.

Several types of reactions are possible with 
energetic protons or alpha-particles
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� The “Spallation” process may be used to 
create more and more neutrons, which may 
cause fission of the heavier elements.

� This is basically the concept, which may be 
used in the accelerator driven sub-critical 
reactors to generate energy.

(Carlo Rubbia; Yacin Kadi; ………….)

At still higher energies “Spallation” occurs
i.e., several particles are split off from the

target nucleus.
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In a typical nuclear reaction………….!

?
γ-rays

ejectile

capture

Projectile

CN* ER

Target
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Measured cross-section - Validity of nuclear 
reaction models. 

The compound nucleus model was successfully 
verified.

However, at higher energies - the experimental 
data were, in general, not in agreement with the 
theoretical calculations done using statistical models.

Pre-equilibrium emission

EFs for all possible reactions – Difficult to measure
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Forward peaked angular distribution of emitted 
particles

Emission of large number of high energy particles 
than predicted by CN model

Slowly descending tails of the EFs,

Characteristics of PE-emission

The measured EFs, may contain interesting
information on the mechanism of equilibration

process and may give a description of the evolution 
of the reaction.
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Irradiation

Incident beam

Al-Catcher foilTarget 

Stacked foil activation technique
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A typical experimental setup used for irradiation 
at VECC, Kolkata, INDIA

Tantalum collimator

Valve gate

Sample

Degrader

LCW inlet

To current integrator 

(Faraday cup)

LCW outlet

O-rings

Beam

Flange
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Sample

HPGe

Pre-amp Amplifier

ADC

PC based MCA

ADCDetector

A typical block diagram of γγγγ-ray spectrometer
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Some of the reactions for which EFs have been measured
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Hauser-Feshbach           CN

Exciton model               PE

Analysis
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����Level Density parameter ‘a’

[ Dilg et. al. Nucl. Phys. A217(1973)269]

����Initial Exciton Number n0=(np+nh)

n0=3; for proton induced reactions

����Strength parameter  FM,of the square of 
two body residual interaction matrix element 

Important parameters of the code…
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1 proton

N0 = 3 for proton induced reaction

2p+1h
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[C. Kalbach-Cline Nucl. Phys. A 210(1973)590]

In the present work FM=430 MeV3 gives 
satisfactory reproduction of the 
experimental data  

|M|2=FM A
-3 U-1
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EFs………
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EFs……
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SOME TYPICAL EXCITATION FUNCTIONS……
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Phys. Rev. C 52 (1995) 03174
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Phys. Rev. C 52 (1995) 03174

ADS/ND-05B. P. Singh, INDIA



ADS/ND-05B. P. Singh, INDIA



Cross-section for several proton and alpha 
induced reactions have  been measured in a wide 
energy range.

PE-emission is important at these energies.

Conclusions
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As such, while the cross-section value for 
some unmeasured reaction is required, it may 
be obtained by considering PE-emission also 
into account.

Pre-equlibrium fraction is found to depend 
sensitively on excitation energy and atomic 
mass number.
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