






Proton Beam  
from FOTIA Neutrons 

Target ladder 

Target with  
Monitor foil 

Attached on the  
rotating platform 
inside GPSC  

natLi tablet of 
1 cm diameter   







Neutrons 

Proton beam 

Main beam line of Pelletron 

6 mm  
collimator 

Front Ta 

     Back Ta  
     mount 

Li foil  

Target and Monitor Foils 

Towards Beam Hall 

Target holder 

Screw arrangement  
to place the targets 

Towards vacuum pump assembly 

Li foil to target distance 
21 mm  











5 6 7 8 9 10 11 12

0

1

2

3

4

5

Flux sensitive for Sample Reaction

CB

 

Neutron Energy (MeV)

E
p
 = 13 MeV 

A

Flux sensitive for Monitor Reaction

8.37 MeV



500 600 700 800 1200 1400 1600 1800 2000

Channel Number

103

102

0 500 1000 1500 2000 2500 3000 3500

0

50

100

150

200

250

1368.68 (keV)

Channel number 

 Monitor reaction
27

Al(n, )
24

Na

0 500 1000 1500 2000 2500 3000 3500

0

100

200

300

400

500

600

Channel number 

 Sample reaction
140.5 (keV)

100Mo(n,2n)99M0







5 6 7 8 9 10 11 12 13 14 15 16 17 18

0

1

2

3

4

5

6

7

Main Peak

C

B

 

Neutron Energy (MeV)

E
p
 = 19 MeV 

A

Tail region of the spectrum

n
o

n
1

















2 4 6 8 10 12 14 16 18 20 22

1

10

100
 Naik, et al.- 2011
Mukherji-2012
 Prajapati-2012
 Crasta- 2012
 Davletshin-1992
 Naik- 2015
 Bhike-2012
 Present Work

 ENDF-B-VII/1
 JENDL-4.0
 TALYS-1.8 Default
 TALYS-1.8 Modified
 Lindner-1976
 Poenitz-1978
 Stupegia-1963
 Perkin-1958
 Karamanis-2001

 

 

 

232Th(n, )233Th

Neutron Energy (MeV)

6 8 10 12 14 16 18 20 22
0

500

1000

1500

2000

2500

3000
232Th(n, 2n)231Th

Color Online

 

 ENDF/B-VIII.1
 JENDL-4.0
 TALYS-1.8 Default
 TALYS-1.8 Modified
 Filatenkov-2016
 Naik-2011
 Prajapati-2012
 Crasta-2012
 Mukherji-2012
 Karamanis-2003
 Raics-1985
 Butler-1961
 Perkin-1961

Neutron Energy (MeV)











8 10 12 14 16 18 20 22

200

400

600

800

1000

1200

1400

1600

 Semkova et al. (2014)
 Filantenkov (2016)
 Reimer et al. (2005)
 Tran Due Thiep et al. (2003)
 Rahman et al. (1985)
 Marcinkowski et al. (1986)
 Xiangzhong et al. (1991)
 Badwar et al. (2017)
 Present Data

 

 Neutron Energy (MeV)

100Mo(n,2n)99Mo

 ldmodel 1 (default)
 ldmodel 2
 ldmodel 3
 ldmodel 4 
 ldmodel 5
 ldmodel 6

8 10 12 14 16 18 20 22
0

200

400

600

800

1000

1200

1400

1600

1800

 TALYS-1.9 default
 TALYS-1.9 modified
 ALICE-2017
 ENDF-B/VII.1
 JENDL-4.0
 JEFF-3.2
 CENDL-3.1

 

 Neutron Energy (MeV)

100Mo(n,2n)99Mo

 Semkova et al. (2014)
 Filantenkov (2016)
 Reimer et al. (2005)
 Tran Due Thiep 

          et al(2003)
 Rahman et al. (1985)
 Marcinkowski et al. (1986)
 Xiangzhong et al. (1991)
 Badwar et al. (2017)
 Present Data



8 10 12 14 16 18 20 22

200

400

600

800

1000

1200

1400

1600

1800

 Semkova et al. (2014)
 Filantenkov (2016)
 Reimer et al. (2005)
 Tran Due Thiep et al. (2003)
 Rahman et al. (1985)
 Marcinkowski et al. (1986)
 Xiangzhong et al. (1991)
 Badwar et al. (2017)
 Present Data

 

 Neutron Energy (MeV)

100Mo(n,2n)99Mo

 ldmodel 1 (default)
  CN+PE
 CN
 ALICE-2017













0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
0

100

200

300

400

500

600

700

800

Ref. [103]
Ref. [102
Ref. [101]
Ref. [100]
Ref. [99]
Ref. [11]
Ref. [115]
Ref. [98]
Ref. [114]
Ref. [97]
Ref. [95,96]
Ref. [113]

 ldmodel1
 ldmodel2
 ldmodel3
 ldmodel4
 ldmodel5
 ldmodel6
 Present Data 

 

Ref. [111]
Ref. [121]
Ref. [108]
Ref. [122]
Ref. [112]
Ref. [109]
Ref. [119]
Ref. [120]
Ref. [110]
Ref. [105]
Ref. [107]
Ref. [106]
Ref. [118]
Ref. [117]
Ref. [104]
Ref. [123]
Ref. [116]

Neutron Energy (MeV)

58Ni(n, p)58Co

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
0

100

200

300

400

500

600

700

800

 ENDF/B-VII.1
 JEFF-3.3
 JENDL-4.0
 CENDL-3.1
 EMPIRE-3.2.3 (Malta)
 LEVDEN1
 LEVDEN2
 LEVDEN3
 Present Data 

 

Neutron Energy (MeV)

58Ni(n, p)58Co Ref. [103]
Ref. [102
Ref. [101]
Ref. [100]
Ref. [99]
Ref. [11]
Ref. [115]
Ref. [98]
Ref. [114]
Ref. [97]
Ref. [95,96]
Ref. [113]

Ref. [111]
Ref. [121]
Ref. [108]
Ref. [122]
Ref. [112]
Ref. [109]
Ref. [119]
Ref. [120]
Ref. [110]
Ref. [105]
Ref. [107]
Ref. [106]
Ref. [118]
Ref. [117]
Ref. [104]
Ref. [123]
Ref. [116]



12 13 14 15 16 17 18 19 20 21 22 23 24 25
0

20

40

60

80

100

 Ref. [117]
 Ref. [127]
 Ref. [116]
 Ref. [11]
 Ref. [115]
 Ref. [126]
 Ref. [114]
 Ref. [125]
 Ref. [113]
 Ref. [124]

 ldmodel1
 ldmodel2
 ldmodel3
 ldmodel4
 ldmodel5
 ldmodel6
 Present Data 

 

 Ref. [123]
 Ref. [131]
 Ref. [121]
 Ref. [122]
 Ref. [130]
 Ref. [119]
 Ref. [120]
 Ref. [129]
 Ref. [118]
 Ref. [128]

Neutron Energy (MeV)

58Ni(n, 2n)57Ni

12 13 14 15 16 17 18 19 20 21
0

20

40

60

80

100

 ENDF/B-VII.1
 JENDL-4.0
 CENDL-3.1
  JEFF-3.3
  EMPIRE-3.2.3 (Malta)
 LEVDEN1
 LEVDEN2
 LEVDEN3
 Present Data 

 

Neutron Energy (MeV)

58Ni(n, 2n)57Ni

 Ref. [117]
 Ref. [127]
 Ref. [116]
 Ref. [11]
 Ref. [115]
 Ref. [126]
 Ref. [114]
 Ref. [125]
 Ref. [113]
 Ref. [124]

 Ref. [123]
 Ref. [131]
 Ref. [121]
 Ref. [122]
 Ref. [130]
 Ref. [119]
 Ref. [120]
 Ref. [129]
 Ref. [118]
 Ref. [128]



0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
0

100

200

300

400

500

600

700

800

 TALYS-1.9 Default
 TALYS-1.9 PE off
 EMIRE-Default
 EMPIRE-PE off
 EMPIRE-Ko-DE with LEVDEN 0
 EMPIRE-Ko-DE with LEVDEN 3
 Present Data 

 

Neutron Energy (MeV)

58
Ni(n, p)

58
Co Ref. [103]

Ref. [102
Ref. [101]
Ref. [100]
Ref. [99]
Ref. [11]
Ref. [115]
Ref. [98]
Ref. [114]
Ref. [97]
Ref. [95,96]
Ref. [113]

Ref. [111]
Ref. [121]
Ref. [108]
Ref. [122]
Ref. [112]
Ref. [109]
Ref. [119]
Ref. [120]
Ref. [110]
Ref. [105]
Ref. [107]
Ref. [106]
Ref. [118]
Ref. [117]
Ref. [104]
Ref. [123]
Ref. [116]

12 13 14 15 16 17 18 19 20 21
0

20

40

60

80

100

 TALYS-1.9 Default
 TALYS PE off
 EMPIRE-Default
 EMPIRE-PE off
 EMPIRE- Ko-De S-OPM 
 EMPIRE- Ko-De S-OPM
 Present Data 

 

Neutron Energy (MeV)

58Ni(n, 2n)57Ni

 Ref. [117]
 Ref. [127]
 Ref. [116]
 Ref. [11]
 Ref. [115]
 Ref. [126]
 Ref. [114]
 Ref. [125]
 Ref. [113]
 Ref. [124]

 Ref. [123]
 Ref. [131]
 Ref. [121]
 Ref. [122]
 Ref. [130]
 Ref. [119]
 Ref. [120]
 Ref. [129]
 Ref. [118]
 Ref. [128]









2 4 6 8 10 12 14 16 18 20

1

10

 
116

Sn[n, p]
116

In 

 

Energy (MeV)

 E.Betak(2005)
 Y.Ikeda(1988)
 P.M.Gopych(1987)
 W.D.Lu(1970)
 ENDF/B-VII.1
 LDM-1(TALYS)
 LDM-2(TALYS)
 LDM-3(TALYS)
 LDM-4(TALYS)
 LDM-5(TALYS)
 LDM-6(TALYS)
 LDM-1(EMPIRE)
 LDM-2(EMPIRE)
 LDM-3(EMPIRE)
 LDM-4(EMPIRE)



2 4 6 8 10 12 14 16 18 20
1

10

 117Sn[n,p]117In 

 

 ZuZhong-Sheng(2011)
 E.Betak(2005)
 Y.Ikeda(1988)
 W.Struwe(1974)
 S.S.Hasan(1972)
  W.D.Lu(1970)
 S.Lulic(1968)
 J.Brzosko(1963)
 ENDF/B-VII.1
 LDM-1(TALYS)
 LDM-2(TALYS)
 LDM-3(TALYS)
 LDM-4(TALYS)
 LDM-5(TALYS)
 LDM-6(TALYS)
 LDM-1(EMPIRE)
 LDM-2(EMPIRE)
 LDM-3(EMPIRE)
 LDM-4(EMPIRE)

Energy (MeV)

4 6 8 10 12 14 16 18 20 22
0.1

1

10

 
117

Sn[n,p]
117 m

In 

 

 ZuZhong-Sheng(2011)
 E.Betak(2005)
 Y.Ikeda(1988)
 W.Struwe(1974)
 S.S.Hasan(1972)
  W.D.Lu(1970)
 S.Lulic(1968)
 J.Brzosko(1963)
 ENDF/B-VII.1
 LDM-1(TALYS)
 LDM-2(TALYS)
 LDM-3(TALYS)
 LDM-4(TALYS)
 LDM-5(TALYS)
 LDM-6(TALYS)
 LDM-1(EMPIRE)
 LDM-2(EMPIRE)
 LDM-3(EMPIRE)
 LDM-4(EMPIRE)

Energy (MeV)



10 12 14 16 18 20

1000

 
118

Sn[n, 2n]
117 m

Sn 

 

 ZuZhong-Sheng(2011)
 E.Betak(2005)
 Y.Ikeda(1988)
 W.Grochulski(1975)
 S.Lulic(1968)
 J.Brzosko(1965)
 ENDF/B-VII.1
 LDM-1(TALYS)
 LDM-2(TALYS)
 LDM-3(TALYS)
 LDM-4(TALYS)
 LDM-5(TALYS)
 LDM-1(EMPIRE)
 LDM-2(EMPIRE)
 LDM-3(EMPIRE)
 LDM-4(EMPIRE)

Energy (MeV)

10 12 14 16 18 20 22

100

1000

 120Sn[n, 2n]119 mSn 

 

 S.Lulic(1968)
 ENDF/B-VII.1
 LDM-1(TALYS)
 LDM-2(TALYS)
 LDM-3(TALYS)
 LDM-4(TALYS)
 LDM-5(TALYS)
 LDM-6(TALYS)
 LDM-1(EMPIRE)
 LDM-2(EMPIRE)
 LDM-3(EMPIRE)
 LDM-4(EMPIRE)

Energy (MeV)



10 12 14 16 18 20 22
10

100

1000

 
124

Sn[n, 2n]
123 m

Sn 

 

 ZuZhong-Sheng(2008)
 E.Betak(2005)
 Y.Ikeda(1988)
 S.Lulic(1968)
 A.P.Klyucharev(1963)
 ENDF/B-VII.1
 LDM-1(TALYS)
 LDM-2(TALYS)
 LDM-3(TALYS)
 LDM-4(TALYS)
 LDM-5(TALYS)
 LDM-6(TALYS)
 LDM-1(EMPIRE)
 LDM-2(EMPIRE)
 LDM-3(EMPIRE)
 LDM-4(EMPIRE)

Energy (MeV)






















