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q In the first generation fusion reactor thousands of tons stainless steel will
be used for different components (structural materials) of a fusion
reactor. Iron , nickel and chromium are the main constituents of stainless
steel.

59Ni(n,	p)59Co	

SUBSYSTEM CANDIDATE		
MATERIAL

Plasma	Facing		
Component

Cu-Cr-Zr,	Be,	SS316 LN

Divertor		 W,	Water,	Inconel 718
Shielding	Blanket SS316LN	&	H2O
Breeding	Blanket	 Li,	LiPb (83Pb	17Li)

Vacuum	Vessel SS304, Borated	steel
Magnets NbSn, NbTi
Cryostat SS304
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q Natural Nickel (Ni) [58Ni(68.077%),60Ni(26.223%),61Ni(1.140%),62Ni
(3.635%),64Ni(0.926%)].

q 59Ni (t 1/2 = 7.6×104 years) is one of the radio-nuclide which is produced in
large quantities inside the fusion reactor.
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Helium	Generation	due	to	the	different	isotopes	of	Nickel
(Preliminary	calculation	with	TALYS-1.8)



Hydrogen	Generation	due	to	the	different	isotopes	of	Nickel
(Preliminary	calculation	with	TALYS-1.8)



Major Pathways of the production 
of  59Ni  in the fusion reactor 

environment

5p)



Present status of 59Ni(n,p)

§ Large	discrepancy	in	the	data	libraries
§ Not	based	on	measured	data
§ No	experimental	data	is	available	for	this	
reaction	in	IAEA	EXFOR	databse



FOCUSED OBJECTIVES

Ø To measure the cross-section  of  59Ni(n, p)59 Co      
from  En =  9 - 20 MeV .

Ø Cross-section measurement is not possible 
directly for this reaction due to non-existence of   
this isotope  in nature.

Ø This is the main reason for using  surrogate 
method for the measurement of this cross-
section.



Direct	
A	single	interaction	
before	emission

Pre-equilibrium	
A	small	number	of	interaction	
before	emission

Compound	Nucleus		

A		large	number	of	interaction	
before	emission

Different	Types	of	Nuclear	Reaction	Mechanism



According to Bohr Compound Nucleus Theory –

1. The formation of the compound nucleus and it’s break up    
are independent of each other. This is known as the 
independence hypothesis.

2. The compound nucleus forgets it’s mode of formation. The 
decay of  compound nucleus depends only on the properties of 
compound nucleus and not upon how it was formed. The life  
time of compound nucleus is around 10-15 seconds.

3. The cross section for the compound nucleus is defined as the 
product of formation of compound nucleus and it’s decay 
probability.
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Bohr’s	Compound	Nucleus	Theory
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According	to	H-F	theory	the	compound	nuclear	cross-section	is	
given	by

Applying	W-E	Approximation	,	the	formula	for	desired	cross-section	
is	simplified	as	(	Applicable	only	at	High	Excitation	Energy)		

Calculated	 Measured	
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SURROGATE  TECHNIQUE



Desired	Reaction

n 59Ni 60Ni+ p 59Co+

6Li + 56Fe 60Ni p + 59Co

Surrogate	Reaction

+ d



Reference	Reaction

n 60Ni 61Ni+ p 60Co+

6Li + 59Co 61Ni p + 60Co

Surrogate	Reaction

+ a



Condition for using the surrogate technique

Ø The Surrogate method is limited to Compound nuclear reactions.

Ø Same Compound Nucleus should be formed through Desired and Surrogate 

reaction  channels.

Ø Compound Nucleus Excitation Energy should be same in both desired 

reaction and surrogate reaction.

Ø Excitation energy formula of the compound nucleus is  –

Eexc = K.E. of the incident particle in CM frame + B.E. of the particle in   
compound  nucleus       



THEORETICAL STUDY  
OF THE PROPOSED 

EXPERIMENT



TALYS -1.8
(Nuclear Reaction Modular Code )

§ Software	for	the	simulation	of	
nuclear	reactions	in	the	energy	range	
1	keV – 200	MeV

§ User-friendly	Code	containing	an	
optimal	combination	of	reliable	
nuclear	models	.

§ Developed	by	– Arjan Koning ,	
Stephane Hilarie ,	Stephane Goriely
Created	at	NRG	in	Petten ,	the	
Netherlands,	and	is	available	free	of	
charge.	

§ Versatile	tool	to	analyse	basic	
microscopic	experiments	and	to	
generate	nuclear	data	for	its	use	and	



THEORETICAL  STUDY 

Excitation function of 59Ni(n,p) reaction along with 
the contribution from the different reaction 
mechanism (Direct + Pre-equilibrium +Compound)    
[ Using TALYS – 1.8 ]

§ TALYS-1.8	is	used	to	check	the	
different	nuclear	reaction		mechanism	
contribution

§ From	2-14	MeV	the	reaction	
mainly	goes	through		compound	
nucleus	process

Theoretical variations in DDX with angle of emission for 7-8-9-10-
11 energy proton emitted through 59Ni(n,p) reaction at 14 MeV
neutrons  [ Using TALYS – 1.8 ]

§ Angular	Distribution	of	outgoing	protons	is			
symmetric	.	



Ø Excitation Energy of ( 60Ni*) in the Desired Reaction
n + 59Ni à (60Ni)* à p+ 59Co.
at neutron energy 14 MeV ~ E*(25) MeV.

Ø Excitation	Energy	of	(	60Ni*) in	the		Surrogate	Reaction
6Li+	56Fe	à d	+	(60Ni)*
at	lithium	energy	35	MeV	~		E*(25)	MeV.

Selection of Li-6 beam energy 

Main Condition - Compound Nucleus Excitation Energy should be same   
in both desired reaction and surrogate reaction.
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Detection	of	deuteron	singles	
with	DE-E		telescope		[( E*)]

Detection	of	deuteron	and	decay	particle	
(proton)	in	coincidence	with	DE-E		
telescope		[ ( E*)]
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EXPERIMENTAL HALL
( At TIFR )



EXPERIMENTAL		DETAILS



Beam	Requirments ---
o Beam		and	it’s	energy	--- Lithium	-6	and	35.89	MeV

Targets	and	Detectors	used		

Ø Two ΔE-E telescope detectors for PLFs
Ø A Large Area Solid State (16 Strip Detector) for Decay particle 

from compound nucleus – 2 detectors

Ø Both	are	SSB	(	Silicon	Surface	Barrier	)				Detector	
Used	for	Charged	particle	detection	.	

Ø Detectors	are	useful	for	measuring	the	energy	deposition		
of	passing	charged	particles	,	i.e.		dE/dx .	

Ø DE	- Particle	identification	by	mass
E	- Particle	will	go	further	and	will																				
completely	stop	there	and	convert	it’s								
Kinetic	Energy	into	Current	Energy			

Targets-
56Fe(~700µg/cm2),59Co(~600µg/cm2)
Detector-

Telescope	Detector

16-Strip	Detector



EXPERIMENTAL SETUP

Beam
Target 

Large area Solid State 
Detector  (450mm2)

DE (150 µm) 

E (1.0mm)
PLFs           

Detector

Li

( INSIDE OF SCATTERING CHAMBER )



Excitation	energy	spectra	of	the	target	like	fragments	produced	6Li+56Fe	and	
6Li+59Co	reactions	corresponding	to	PLF	deuteron	and	alpha	with	and	

without	coincidence	with	evaporated	spectra



RESULTS



Conclusion

q Scientists are becoming increasingly excited about  the successful completion of the 
fusion reactor work. A reactor which can replicate the sun’s energy source on Earth    
through scientific and technological innovation which are earlier unimagined.

q 59Ni(n,p) reaction cross-section have been measured in the energy range  10-21 MeV
by surrogate-reaction method.

q The present experimental data have been compared with evaluated data libraries
TENDL,EMPIRE and TALYS.

q The experimental data  is found to be reasonably consistent with TALYS .

q The present measurement will be useful to improve and update the different data   
libraries and opens up the possibility of measuring the compound nuclear reactions    
involving unstable targets with the relevance to fusion technology 
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