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Motivation

m Photon strength functions and level densities are fundamental to calculate the
cross section and to model the y-decay processes in heutron capture.

m Validating the simulation models and parameters thanks to the data measured
with the TAC.

m Applications in nuclear astrophysics and nuclear technologies.
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* 40 BaF: crystal to form a detector

with 41 solid angle coverage.

» Efficiency of nearly 100% which

allows detecting almost all y-rays
emitted from the sample.

* Two layers of neutron absorber

materials between the sample and
the crystal.



Observables

= The cascade events are reconstructed by taking y-rays detected in the BaF: detectors
in a time coincidence window. You can get:

* The resonance spectrum given by
the neutron energy, E,,, calculated
by the time of flight.

* The crystal multiplicity distribution,
mc, given by the number of hit
crystals in each cascade event.

 The multi-step cascade spectra and
the total deposited energy spectra
for each cascade event, Eq; -
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Resonance Spectra

m We will focus the analysis in the first resonance which is located at an energy of
5.16 eV for the neutron.
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Deposited Energy Spectra
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Resonance Spectra

m o determine if the analysis performed on the first resonance is representative of
other ones with the same spin and parity, four resonances of 2341 are compared.
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Resonance comparison, E,,.
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%

DICEBOXC

m DICEBOXC is a C++ code based on the idea developed by F. Becvar [1].
[1] F. Bedvar, NIMA 417 (1998) 434

m The average partial radiation width for transitions between two levels following a random
choice from Porter Thomas distribution is given by

X,L
_ EPMTUT(EY)

<Fayb> B P(Eq,]aTq) X=EM

Where p is the level density, fX'L is the photon strength function (PSF).

m DICEBOXC simulates sets of levels produced from a level density formula p(E,, /4, 7,)
and sets of random partial radiation widths, known as nuclear realizations.
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DICEBOXC Features

m Most current models for level densities and gamma strength functions, both
analytical parametrized models and numerical interpolation files.

m Internal conversion hard-coded using Hager-Seltzer and Dragoun et al. tables.

m Levels and transitions from ENSDF format translated to simple textfile for further
adjustments (level exclusion, spin-parity refinements).

m User input file with keyword-value structure

nTOF 7/10/18 Javier Moreno Soto
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Level Density (LD)

m The level density is calculated as the product of three factors

p(E,],TL') — pTL’(EiT[) X p](E»]) X pE(E)

Each component is characterized by a model with parameters.

m Parity distribution: pr(E,m) =1/,
Spin distribution: (E,]) = (— i) - (‘ (]H)Z) ~ 2
m  Spindistribution:  p;(E,]J) = exp 202 exp 202 )% 252

where o.(E) is the spin cutoff and varies from one model to another.
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m [otal level density:

 Constant temperature (CT):

1 E-E
pp(E) = ;exp( - 0) o.(E) = constant

 Back-Shifted Fermi Gas (BSFG):
exp(z\/a(E—El))

pe(E) = 230, 0/ (E-E )5 o.(E) = energy dependent
* Back-Shifted Fermi Gas Modified (BSFGM). o.(E) = related to moment of inertia
« BSFG - RIPL-3 o.(E) = energy dependent a(E) = energy dependent

 Tabulated microscopic level density calculated within the Hartree-Fock-BCS model (HFB)

%
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Photon Strength Function (PSF)

m Single Particle strength function (SP): fx.(E,) = Constant

m Standard Brink-Axel Lorentzian model with fixed width (SLO).

ool'g Eyl'g
E,) = >
fXL( )/) ) (2L+1)(1thc)? (E,%—E(Z;)2+E)%F%‘

m Standard Lorentzians with energy-dependent damping width (XLO).
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m Kadmenskii, Markushev and Furman model (KMF)

B ool'c 0.7XEgI'T
fxi (EV) = X (2L+1)(mhc)? (E,%—E(Z;)Z

m Generalized Lorentzian model (GLO)

oo 0.7XT g 4m2T?2 Eyl'r
E) = olg G + 14
fXL( Y) )y (2L+1)(mthc)? ( Eg (E)g—EcZ;)z+E)3F%

m Enhanced Generalized Lorentzian model (EGLO)

E, — E(,] E; + 4m°T*?
G

m Tabulated microscopic photon strength function calculated according to Hartree Fock
QRPA theory (HFQRPA).
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measurements

m DICEBOXC offers various combinations of LD and PSF for the E1 transitions which
are checked and compared with the experimental data
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Results : Comparison of simulations and
measurements

m |n black combinations whose behavior agrees with the experimental data. In red
combinations do not reproduce the experimental data.
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el m  Parameters for the E1 transition are from RIPL-3 database [1] while for M1 transition the
parameters come from the reference [2]. Finally, the E2 transition parameters are based on
theory [3]

/4/4» [1] R. Capote, et al., Nuclear Data Sheets 110, 3107 (2009), special Issue on Nuclear Reaction Data
[2] J.L. Ullmann, et al., Phys. Rev. C 96, 024627 (2017)

[3] Int. Atomic Energy Agency, Handbook for Calculations of Nuclear Reaction Data Reference. Input Parameter Library,
IAEA-TECDOC-1034 (Vienna, 1998)

E1(EGLO) 11.11 1.12 243.3 13.41 4.98
M1 (SLO)  2.15 0.80 0.45 2.90 0.60 0.40 6.61 4.00 7.00
E2(SLO) 10.21  1.175 1.7
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Conclusion

m The best combinations are XLO, GLO and EGLO for the photon strength function and
BSFG, BSFGM and HFB for the level density. Overall, these models reproduce the
experimental data, but further improvements are possible.

m In the total deposited energy E,,;,, Spectra the simulations show a greater number
of counts at the sum peak with respect to the experimental data and a dip between
4 MeV and 5 MeV.

m In the multi-step cascade spectra for m.,- = 3 simulations miss the peak at 658 keV
but agree with the shape of experimental data. The biggest difference is produced in
the m,,. = 2 spectra. However, it was seen that for m.,- = 2 further investigations
are necessary.
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Outlook

m continue studying the system n +234y: study effect of the primary intensities, try
other models for M1 PDF, study sensitivity of the parameters, etc.

m Similar study for system n +238(.

m Comparison with other simulation codes as FIFRELIN.
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