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 Varanasi is located in the middle-Ganges valley in the

southeastern part of the state of Uttar Pradesh, lies on the left bank

of the river. It is 692 kilometers (430 mi) to the southeast of

India's capital New Delhi.

 Banaras Hindu University was founded in 1916 with area1300

acres (5.3 Km2). It is the largest residential university of India

having more than 30,000 students, 1700 faculty members and 144

departments.

 A large number of students from U.S.A, Europe, Asia, Middle

East, Africa etc., come to BHU.

 The Department of Physics is having 65 faculties with 6 specializations

and more than 160 PhD students.



We are having a vibrant group of seven PhD students from

different parts of India and working on very interesting

Nuclear Physics problems and publishing their work in

highly repute research journals.

1. Heavy Ion fusion–fission dynamics by using 15 UD

Pelletron at IUAC, New Delhi, India.

2. Neutron scattering experiments at BARC, Mumbai, India

3. Surrogate reaction dynamics by using BARC-TIFR,

Pelletron facility Mumbai

4. Alpha and Proton scattering experiments at Variable

Energy Cyclotron (VECC), Kolkata

5. Neural networks and Nuclear Physics
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The cross section sac for the 

“desired” two-step reaction

a + A --> B* --> c + C

can be determined indirectly
with the Surrogate method.
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Study of the surrogate ratio method by determination of 56Fe (n,xp) cross sections



Absolute surrogate method
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Requirements

1. Spin of CN is less than 10 ђ 

2. Spin distribution of two reactions  similar

Chiba-Iwamoto condition



Desired reaction: 56Fe(n,xp)

Surrogate reaction: 
6Li + 55Mn → 4He+57Fe*→ 56Fe (n, xp)

E(6Li)=25 MeV

Reference reaction : 52Cr(n,p)

Surrogate  reaction: 
6Li +51V→ 4He+53Cr* →52Cr(n,xp)

E(6Li)=25 MeV

Methodology



Revised manuscript under

consideration in Phys Lett B

Investigation of Weisskopf-Ewing

approximation for the determination of

(n,p) cross sections using the surrogate

reaction technique, Aman Sharma, Ajay

Kumar, Phys. Rev. C, 105, 014624,

(2022).

The Weisskopf-Ewing approximation is not valid for the (n,xp) reactions because decay 

probabilities are highly spin dependent.



α-spectra for 28Si+51V.(a)ℓmax= 56ħ(b) ℓmax = 30ħα-spectra with ℓmax=48ħ for16O+ 54Fe at 110 MeV.

Neutron spectra with a = A/8 and r0 = 1.25 for
31P + 45Sc with ℓmax = 39 at Elab = 112 MeV.

Neutron spectra using r0 = 1.25 and a = A/8 for
12C + 64Zn with ℓmax = 39 at Elab = 85 MeV.

Study of heavy ion fusion dynamics



N.K. Rai and Ajay Kumar, Phys. Rev. C 98, 024626 (2018).

Effect of energy variation on the dissipative evolution of the system in heavy-ion fusion reactions

 Dissipation in the entrance

channel increases with the

projectile energy and causes

the angular momentum

hindrance in both the

symmetric and asymmetric

systems at the higher energy.

 The dissipative behavior of the

fusing nuclei also depends on

the entrance channel

parameters.

 We observed that with

increasing value of mass

asymmetry angular momentum

hindrance decreases linearly,

and angular momentum

hindrance increases linearly

with an increase in the

coulomb interaction term

(ZpZt).



Measurement of neutrons multiplicity to investigate the role of entrance channel 

parameters on the nuclear dissipation

Measured the pre- and post-scission neutron multiplicity for18O + 186W and

compared with 16O + 181Ta, existing in the literature. Nuclear dissipation
decreases with the increasing value of the entrance channel mass asymmetry. . In

the present case, it was also verified that nuclear dissipation increases with the

increasing value of the Coulomb factor ZPZT as mentioned in our theoretical

work (PRC 2018).

N.K. Rai and Ajay Kumar, Phys. Rev. C 100, 014614 (2019).



Inference on fission timescale from neutron multiplicity measurement in 18O + 184W

N.K. Rai, and Ajay Kumar, Journal of Physics G: Nuclear and Particle physics, 49, 035103 (2022).

 The study establishes the role of dynamics in the fission process. Particularly, the predicted large fission

time and its behaviour with the excitation energy are shown to depend strongly on the neutron

evaporation process and the associated dynamical delays.



Fig. 2  PURNIMA neutron generator (Experimental set up).

List of Publications from experimental work at PURNIMA, BARC, 

Mumbai.

1. Measurement of (n,γ), (n,p), and (n,2n) reaction cross sections for

sodium, potassium, copper, and iodine at neutron energy 14.92 ±
0.02 MeV with covariance analysis, A. Gandhi & Ajay Kumar.

Physical Review C 102, 014603 (2020).

2. Measurement of (n,α) and (n,2n) reaction cross sections at a neutron

energy 14.92 ± 0.02 MeV for potassium and copper with uncertainty

propagation, A. Gandhi & Ajay Kumar. Chinese Physics C 46,

014002 (2022).

Experimental work based on neutron induced reaction with different 

target material at PURNIMA, BARC, Mumbai, India 

Reaction Present data (b) Correlation matrix
65Cu(n,α)62mCu 0.00404 ± 0.00059 1.000

41K(n, α)38Cl 0.02509 ± 0.00260 0.1451 1.000
65Cu(n,2n)64Cu 1.03082 ± 0.11776 0.1237 0.2119 1.000

Table.1 Experimentally determined cross section with their uncertainty and correlation matrix at

a neutron energy 14.92 ± 0.02 MeV.

Fig. 1 Comparison of the experiment result of the 65Cu(n,2n)64Cu

reaction with the literature data, theoretically predicate results

and evaluated nuclear data. (CPC 46, 014002, 2022)



Fig. 2 FOTIA tandem accelerator (Experimental set up). Fig. 3 Experimental set-up for the offline γ-ray 

spectroscopy using HPGe detector system.

1. Measurements of neutron capture cross sections on

109Ag at 0.53, 1.05, 1.66 MeV, M Upadhyay &

Ajay Kumar. IEEE, 1-4, 2023.

2. Measurement of neutron induced reaction cross-

section of 99Mo, M. Upadhyay & Ajay Kumar.

Journal of Physics G: Nuclear and Particle Physics,

(September 2023).

3. Neutron radiative capture cross section for sodium

with covariance analysis, A. Gandhi & Ajay

Kumar. The European Physical Journal A 57, 1

(2021).

4. Neutron capture reaction cross section measurement

for iodine nucleus with detailed uncertainty

quantification, A. Gandhi & Ajay Kumar. The

European Physical Journal Plus 136, 819 (2021).

5. Measurement of neutron induced reaction cross-

section of 99Mo, Ajay Kumar et al, Journal of Phys

G, Oct 17, 2023

Experimental work based on neutron induced reaction with different target 

material at Folded Tandem Ion Accelerator, BARC, Mumbai, India 

En (MeV) Present data (mb) Correlation matrix

1.67 ± 0.14 10.8476 ± 1.1544 1.000

2.06 ± 0.14 12.2408 ± 0.9994 0.1503 1.000

2.06 ± 0.14 8.2430 ± 0.7168 0.1163 0.1587 1.000

Fig.1 Cross-section of 98Mo(n,γ) 99Mo reaction measured in the present work compared 

with Exfor database, different level density models and different evaluated data libraries. 

(JPG, September, 2023) 



Fig. 2  A close view photograph of the beam line Fig. 3 A picture during the experiment at

VECC, Kolkata, India

1. Measurement of alpha-induced reaction cross-

sections on natMo with detailed covariance analysis,

M Choudhary & Ajay Kumar. The European

Physical Journal A 58(5), 1-10 (2022).

2. Measurement of excitation functions for natCu(α, x)

reactions with detailed covariance analysis, M

Choudhary & Ajay Kumar. Journal of Physics G:

Nuclear and Particle Physics 50(1), 015103 (2022).

3. Measurement of alpha-induced reaction cross-

sections for natZn with detailed covariance analysis,

M Choudhary & Ajay Kumar. Nuclear Physics A

1038, 122720 (2023).

4. Excitation functions of alpha-particle induced

nuclear reactions on natSn, M Choudhary & Ajay

Kumar. Radiochimica Acta, (September 2023)

Experimental work based on alpha indued reaction with different targets at Variable Energy Cyclotron 

Center (VECC), Kolkata, India from 2022 to till now

Fig.1 Cross sections for natZn(α,x)65Zn reaction from this study 

in comparison of the available experimental data from 

EXFOR and theoretical calculation from TALYS.     (Nuclear 

Physics A, 1038, 122720.)

Table.1



Some pictures of the work under BHU-Russian Collaboration



List of Publications under Indo-Russian Collaboration

1. Studying of 14.1 MeV neutrons inelastic scattering on light nuclei, N.A. Fedorov, T.Y. Tretyakova, D.N. Grozdanov, V.M. Bystritskiy, Y.N.

Kopatch, I.N. Ruskov, V.R. Skoy, N.I. Zamyatin, D. Wang, F.A. Aliev, C. Hramco, A. Gandhi, A. Kumar, M.G. Sapozhnikov, Y.N. Rogov,

E.A. Razinkov and S.Dabylova, Memoirs of the Faculty of Physics, 2, (2018).

2. Measurements of the gamma-quanta angular distributions emitted from neutron inelastic scattering on 28Si, N.A. Fedorov, D.N.

Grozdanov, V.M. Bystritskiy, Yu.N. Kopach, I.N. Ruskov, V.R. Skoy, T.Yu. Tretyakova, N.I. Zamyatin, D. Wang, F.A. Aliev, C. Hramco, A.

Gandhi, A. Kumar, S. Dabylova, E.P. Bogolubov and Yu.N. Barmakov, EPJ web conferences, 177, P02002, (2018).

3. Measurement of Angular Distributions of Gamma Rays from the Inelastic Scattering of 14.1-MeV neutrons by Carbon and Oxygen

Nuclei, D.N. Grozdanov, N.A. Fedorov, V.M. Bystritski, Yu.N. Kopach, I.N. Ruskov, V.R. Skoy, T.Yu. Tretyakova, N.I. Zamyatin, D.

Wang, F.A. Aliev, C. Hramco, A. Gandhi, A.Kumar, S. Dabylova, E.P. Bogolubov, Yu.N. Barmakov, Physics of Atomic Nuclei, Vol. 81,

No. 5, pp. 588–594 (2018).

4. Evaluation of the nuclear excitation functions of fast neutron-induced reactions on 52Cr and 56Fe isotopes A. Gandhi, V. Kumar, N. K.

Rai, P. K. Prajapati, B. K. Nayak, A.Saxena, B. J. Roy, N. L. Singh, S. Mukherjee, Yu. N. Kopatch, I. N. Ruskov, D. N.Grozdanov, N. A.

Fedorov & A. Kumar, Indian J. Phys 93(10) 1345–1351 (2019).

5. Cross section calculation of (n,p) and (n,2n) nuclear reactions on Zn, Mo and Pb isotopes with ~ 14 MeV neutrons, A. Gandhi, A. Sharma,

Yu. N. Kopatch, N. A. Fedorov, D. N. Grozdanov, I. N. Ruskov, and A. Kumar, Journal of Radioanalytical and Nuclear Chemistry 322:

89–97 (2019).



6. Investigation of Inelastic Neutron Scattering on 27Al Nuclei, N. A. Fedorov, T. Yu. Tretyakova, V. M. Bystritsky, Yu. N. Kopach, I. N. Ruskov, V. R. Skoy, D.

N. Grozdanov, N. I. Zamyatin, W. Dongming, F. A. Aliev, K. Hramco, A. Kumar, A. Gandhi, S. Dabylova, D. I. Yurkov, Yu. N. Barmakov, Physics of Atomic

Nuclei 82 (4), 343 -350 (2019).

7. Measurement of the yield and angular distributions of γ-rays originating from the interaction of 14.1 neutrons with chromium nuclei, D. N. Grozdanov, N. A.

Fedorov, Yu. N. Kopach, V. M. Bystritsky, T. Yu. Tretyakova, N. Ruskov, S. Dabylova, F. A. Aliev, K. Hramco, N.A. Gundorin, D. I. Dashkov, E.P. Bogolyubov,

D. I. Yurkov,I.V. Zverev,A. Gandhi and A. Kumar, Physics of Atomic Nuclei 83 (3), 384–390, (2020).

8. Measuring the yields and angular distributions of gamma quanta from the interaction between 14.1 MeV neutrons and magnesium nuclei, N. A. Fedorov, D. N.

Grozdanov, Yu. N. Kopach, V. M. Bystritsky, T. Yu. Tretyakova, I. N. Ruskov, V.R. Skoy, S. Dabylova, F. A. Aliev, K. Hramco, N.A. Gundorin, D. I. Dashkov,

E.P. Bogolyubov, D. I. Yurkov, I.V. Zverev, A. Gandhi and A. Kumar, Bulletin of the Russian Academy of Sciences: Physics, 84(4) 367 (2020).

9. Response function of a BGO detector for γ-rays with energies in the range from 0.2 MeV to 8 MeV, D N Grozdanov, N A Fedorov, Yu N Kopatch, I N Ruskov,

S B Dabylova, F A Aliyev, V R Skoy, C Hramco, T Yu Tretyakova, A Kumar, A Gandhi, A Sharma, D Wang, S K Sakhiyev & TANGRA Collaboration, Indian

Journal of Pure & Applied Physics, Vol. 58(5), 427-430 (2020).

10. Inelastic scattering of 14.1 MeV neutrons on iron, N. A. Fedorov, D. N. Grozdanov, Yu. N. Kopatch, T. Yu. Tretyakova, I. N. Ruskov, V. R. Skoy, I. D.

Dashkov, F. A. Aliyev, S. Dabylova, C. Hramco, A. Kumar, A. Gandhi, D. Wang, E. P. Bogolyubov, D. I. Yurkov & TANGRA collaboration, European Physical

Journal A, 57, 194 (2021).

11. TANGRA multidetector systems for investigation of neutron-nuclear reactions at the JINR Frank Laboratory of Neutron Physics, I. Ruskov, Yu. Kopach, V.

Bystritsky, V. Skoy, D.N. Grozdanov, N.A. Fedorov, T.Yu. Tretyakova, F. Aliev, C. Hramco, V. Slepnev, N. Zamyatin, A. Gandhi, D. Wang, A. Kumar, E.

Zubarev, E. Bogolubov, Yuri Barmakov and TANGRA collaboration, EPJ web of conferences, EDP Sciences, 256, 00014 (2021).





Future Plans

1. To study the effect of shell closure in fusion-fission dynamics. ( at IUAC, New Delhi)

2. Study the effects of N/Z in heavy ion fusion-fission dynamics. ( at TIFR Mumbai)

3. Surrogate reactions a tool to study nuclear reactions without using neutrons. ( at

IUAC, New Delhi)

4. Mapping of dissipation and entrance channel effects in heavy ion induced fusion

reactions. ( at IUAC, New Delhi)

5. To determine the 58Co(n p) cross section taking 61Ni(n p) as the reference reaction

using surrogate ratio method. ( at IUAC, New Delhi)



• Indo Russian Bilateral research grant funded by DST-RFBR

• JINR, Dubna

• IUAC, New Delhi

• BARC, Mumbai

• BARC-TIFR, Mumbai

• VECC, Kolkata

Thanks






