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GAINS - Gamma Array for Inelastic Neutron Scattering

             - provides important nuclear data (neutron inelastic cross sections) of interest for: 

  - applications – addressing the nuclear data community needs for the development of 

   the new generation of nuclear reactors

  - fundamental research – better understanding of the  nuclear reaction mechanisms
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GELINA - Geel Electron LINear Accelerator

                 - EC-JRC Geel, Belgium

Ee ≈ 70 - 140 MeV, Δt ≈ 2 ns

Neutrons produced by photon induced reactions in U-Mo

Multiuser facility

Flight paths from 10 m up to 400 m in length

GAINS - Gamma Array for Inelastic Neutron Scattering

             - provides important nuclear data (neutron inelastic cross sections) of interest for: 

  - applications – addressing the nuclear data community needs for the development of 

   the new generation of nuclear reactors

  - fundamental research – better understanding of the  nuclear reaction mechanisms
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GAINS - Gamma Array for Inelastic Neutron Scattering

             - provides important nuclear data (neutron inelastic cross sections) of interest for: 

  - applications – addressing the nuclear data community needs for the development of 

   the new generation of nuclear reactors

  - fundamental research – better understanding of the nuclear reaction mechanisms
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DAQ: conventional

 electronics
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GAINS - Gamma Array for Inelastic Neutron Scattering

             - provides important nuclear data (neutron inelastic cross sections) of interest for: 

  - applications – addressing the nuclear data community needs for the development of 

   the new generation of nuclear reactors

  - fundamental research – better understanding of the  nuclear reaction mechanisms
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2000 2005 2006 2008
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Support: table
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DAQ: conventional

 electronics
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DAQ: Acqiris digitizer

           420 MSPS

           12 bits
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GAINS - Gamma Array for Inelastic Neutron Scattering

             - provides important nuclear data (neutron inelastic cross sections) of interest for: 

  - applications – addressing the nuclear data community needs for the development of 

   the new generation of nuclear reactors

  - fundamental research – better understanding of the  nuclear reaction mechanisms
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2000 2005 2006 2008 2015

2-4 HPGe detectors

Support: table

FP: 200 m

DAQ: conventional

 electronics

4 HPGe detectors

Support: table

FP: 200 m

DAQ: Acqiris digitizer

           420 MSPS

           12 bits

4 HPGe detectors

Support: 1st frame

FP: 200 m

DAQ: Acqiris digitizer

           420 MSPS

           12 bits

12 HPGe detectors

Support: 1st frame

FP: 200 m

DAQ: Acqiris digitizer

           420 MSPS

           12 bits

12 HPGe detectors

Support: 2nd frame

FP: 100 m

DAQ: Acqiris digitizer

           420 MSPS

           12 bits

GAINS - Gamma Array for Inelastic Neutron Scattering

             - provides important nuclear data (neutron inelastic cross sections) of interest for: 

  - applications – addressing the nuclear data community needs for the development of 

   the new generation of nuclear reactors

  - fundamental research – better understanding of the  nuclear reaction mechanisms
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2002 2005 2006 2008 20222015
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Support: table

FP: 200 m

DAQ: conventional

 electronics

4 HPGe detectors

Support: table

FP: 200 m

DAQ: Acqiris digitizer

           420 MSPS

           12 bits

4 HPGe detectors

Support: 1st frame

FP: 200 m

DAQ: Acqiris digitizer

           420 MSPS

           12 bits

12 HPGe detectors

Support: 1st frame
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DAQ: Acqiris digitizer

           420 MSPS

           12 bits

12 HPGe detectors

Support: 2nd frame

FP: 100 m

DAQ: Acqiris digitizer

           420 MSPS

           12 bits

10 HPGe detectors

2 LaBr2 detectors

Support: 2nd frame

FP: 100 

DAQ: new digitizers

GAINS - Gamma Array for Inelastic Neutron Scattering

             - provides important nuclear data (neutron inelastic cross sections) of interest for: 

  - applications – addressing the nuclear data community needs for the development of 

   the new generation of nuclear reactors

  - fundamental research – better understanding of the  nuclear reaction mechanisms
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• 10 HPGe detectors: 

– 4 @ 110

– 4 @ 150

– 2 @ 125

• 2 LaBr3 detectors @ 125o

• 235U Fission chamber for beam monitoring

• Neutron energy range: Eth – 20 MeV

•  100 m - Neutron energy resolution: 

 3 keV @ 1MeV

 80 keV @ 10 MeV

GAINS nowadays
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GAINS nowadays

Struck SIS3316-250-14 SADC:

16 input channels/card

internal triggering with external gate

14 bits

250 MHz sampling

Acqiris DC44o:

2 input channels/card

1 common external trigger

12 bits

420 MHz sampling
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What is GAINS?
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GAINS is all of these people which during the years contributed to the program:

A. Plompen – leader of the project at JRC-Geel,

L. Olah – made the first attempts to measure (n,n’g) with HPGe detectors at GELINA,

C. Mihailescu – PhD student, first successfully finalized measurements, commissioned the digitizers,

C. Borcea – National expert, supervisor of L. Olah and C. Mihailescu

A. Negret – Postdoc in Geel, commissioned the first version of GAINS, wrote the DAQ

– Senior scientist at IFIN-HH (Bucharest), performed numerous experiments using GAINS

N. Nankov – Postdoc in Geel, performed measurements at GAINS

C. Rouki – Postdoc in Geel, performed measurements at GAINS

M. Nyman – Postdoc in Geel, performed measurements at GAINS

A. Olacel – PhD student, then postdoc at IFIN-HH, Bucharest, performs measurements at GAINS

M. Boromiza – PhD student, then postdoc at IFIN-HH, Bucharest, performs measurements at GAINS

A. Oprea – Postdoc in Geel, performs measurements at GAINS. 
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• In order to study the inelastic scattering one could detect 

                           neutrons    or    gammas.

n + AZXN
A+1

ZXN+1*

A
ZXN + g

A
ZXN* + n

E*  En – En’En=Eth  ~20 MeV

Neutron inelastic scattering reaction
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➢ g-spectroscopy measurements coupled with time of flight method 

➢ we extract angle-integrated g production cross sections normalized to the very well known 235U(n, 

fission) cross section 
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GAINS: Nuclear data factory
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24Mg(n, n’g)24Mg @ 200 m

Magnesium is a structural material in nuclear reactors.

Useful tool for a better understanding of nuclear reaction mechanisms.
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24Mg(n, n’g)24Mg @ 200 m

Neutron energy resolution -1 keV @ 1MeV & 35 keV @ 10 MeV

How high can we resolve individual resonances in the CN 25Mg?

Total inelastic cross section 

Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering 

Simple estimates:

- Calculate which Jp are populated in the CN (25Mg)

- Calculate level density for each Jp and excitation energy using 

BSFG model

- Counting the resonances from the total inelastic cross section
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Titanium is a structural material in nuclear reactors.

Useful tool for a better understanding of nuclear reaction mechanisms.

The first transition in 48Ti (Eγ=983.5 keV) is under investigation to estabilish a γ-ray reference cross section for neutron-

induced reactions.

A. D. Carlson et al., A new evaluation of the neutron data standards, 

EPJ Web of Conferences. 146. 02025. 10.1051/epjconf/201714602025A. Olacel et al., PHYSICAL REVIEW C 96, 014621 (2017)

natTi(n, n’g)natTi @ 200 m
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2. If the neutrons produce g’s with Eg=Qbb on other structural 

materials: 206Pb, 56Fe, 28Si, 24Mg, 12C.

Possible contaminants:

- 206Pb: Eγ=2041 keV 

              (EL=3743.7 keV, Jp=1−)

- 56Fe: Eγ=2034.7 keV 

              (EL=4119.9 keV, Jp=3+)

GAINS is the perfect tool to check two things:

1. If the neutrons produce g’s with Eg=Qbb on the isotopes of 

interest (76Ge, 130Te, etc.) 

          For 76Ge, see C. Rouki et al., Phys. Rev. C88, 054613 (2013).

Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering 

Qββ (76Ge) = 2039.06 keV

bb(0n): sources of background
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Possible contaminants:

- 206Pb: Eγ=2041 keV 

              (EL=3743.7 keV, Jp=1−)

- 56Fe: Eγ=2034.7 keV 

              (EL=4119.9 keV, Jp=3+)

Threshold does not confirm EL

smax=13±1 mb

Threshold OK

smax = 33±2 mb

Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering 

bb(0n): sources of background
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A combination of experiment & theory

Nuclei studied so far: 

- 16O & 28Si:   M. Boromiza et al., Phys. Rev. C 101, 024604 (2020)

- 58Ni:          A. Olacel, M. Boromiza* et al., Phys. Rev. C 106, 024609 (2022) 

THE GENERAL IDEA: Starting from proton data, construct a 

neutron OMP => calculate neutron-induced inelastic cross sections 

=> compare to the experimental data measured at GELINA 

58Ni(n, n’g) 58Ni inferred from 58Ni(p, p’g) 58Ni

CN: 59Ni CN: 59Cu

58Ni:  not a N=Z nucleus => 

=> non-zero Lane term

Inferring the neutron inelastic channel from proton-induced cross sections

(n, n’g) vs (p,p’g) measurements
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Why is GAINS important?
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Very low total relative uncertainty - (5%) for the strongest transition.

Very good neutron energy resolution (≈2000 cross section points for 

the main transition).
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Why is GAINS important?
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Our results - highly relevant in the nuclear data community

Active involvement in:

European-funded nuclear data projects

2019 – 2023 - SANDA (Supplying Accurate Nuclear Data for energy and non-energy Applications)  [H2020 – EURATOM]

2013 – 2018 - CHANDA (solving CHAllenges in Nuclear DAta) [FP7 - EURATOM – FISSION]

2010 – 2013 - ANDES (Accurate Nuclear Data for nuclear Energy Sustainability) [FP7 - EURATOM – FISSION]

Nationally (Romanian)-funded grants 

2022 – 2024 - IRON (Inelastic Reactions on 56Fe induced by nucleons) [ PN-III-P4-PCE-2021-0490]

2022 – 2023 – Comparative study of the (n,n’) and (p,p’) reactions on 40Ca [PN-III-P1-1.1-PD-2021-0207]

2017 – 2019 - NP_INEL (Precise neutron inelastic and charged particle reaction cross sections as a tool for a better understanding 

of nuclear reaction mechanisms) [PN-III-P4-ID-PCE-2016-0025]
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Conclusions
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GAINS  – ambitious and very productive experimental program.

GAINS – continuous upgrade in order to respond to the nuclear data community needs.

17N 56Fe

Data analysis 

ongoing

40Ca
35-37Cl
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Data taking 

postponed for early 

2024

12C

2
0
2
4 …………

Data analysis 

finalized
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Do you have any questions?

Thanks

Contact Us
Address: Str. Reactorului no.30, P.O.BOX MG-6, 
Bucharest - Magurele, ROMANIA
Phone: +(4021) 404.23.00
Fax: +(4021) 457.44.40
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