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Introduction

Nuclear data represents measured (or evaluated)
probabilities of various physical interactions involving the
nuclei of atoms, as well as nuclear properties. It is needed for: ™.

Planning of new experiments
Theoretical models testing —
Reference information in experimental data processing f

Developing of new nuclear facilities
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Sources of nuclear data

Evaluated: Measured:
 ENDF (characteristics of « EXFOR (“Raw
nuclear reactions) experimental data”)
« ENSDF (nuclear structure) - Pre-processed EXFOR
* AME (nuclear masses) (C4, T4, EXFORTABLES)??
* RIPL (ENSDF+AME+model g aon | ‘o =
parameters)
* TALYS program | B —
IR Just go to
elc... www-nds.ia- -




Problems

There is no C++/Python parser for this
data

The EXFOR and ENDF data format is
guite complex to read

ixed width

One have to perform data
search/plotting/processing by hand

It is interesting to compare your data with ;' 505
other experiments/estimations and Wt
calculations. In automatic mode
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TalysLib

An object-oriented C++ library for nuclear data access

TALYS is a powerful nuclear reaction calculation
program which uses RIPL-3 database

ROQOT Is a data analysis framework used by high
energy physics and others

TalysLli

* TalysLib contains parser for ENDF and EXFOR %
(EXFORTABLES)

[——

h automates work with TALYS and its database




TalysLib structure

vector<Nucleus> Prodt&s
vector<Level> Levels

\Nucleus* fMotherNucleus

E

Nucleus A Peakuus:
4 atA—b+B
Nucleus (B)
Hnpopmayus o Level
ceolicmeax A0pa / Hudpopmayus o
CBOLICMBAX YPOBHS

Nucleus* fNucleus

evel* flLevel

Level |

M Level* fFinalLevel

GammaTransition
/ Hnpopmayus o .
vector<GammaTransition> GammaTransitions | cooticmsax y-nepexoda

e jL,

;'"--F

* The TalysLib structure groups data to related objects

* Each object has a pointer to parent object.
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Usage examples

I
* Calculation of Q value for d(t,n)a reaction _ . . -0
Tma|ggior5eFepr356Fe,g=34eﬁ,JP=2n+
user@jinr:~$ root -1 2 F 9
root [0] Nucleus d("2H"), t("3H"), n("n"), a("4He"); 88e- :\‘
root [1] double Q=d.Mass+t.Mass-n.Mass-a.Mass :ri—
(double) 17.589895 =
root [2] 5§_
» Calculation and plotting 56Fe(p,p’;) angular —
distribution 3

| I | 11| ‘ 11| | L1 1 | 11| ‘ 111 ‘ L1 1 | 11| | 11 11|
20 40 80 80 100 120 140 160 180
Angle, deg

user@jinr:~$ root -1

root [0] Nucleus Fe("56Fe");

root [1] Fe.SetProjectileEnergy(20) //In MeV
root [2] Fe.GenerateProducts("p")

=

root [3] Fe.FindProductsByReaction("

(p,p
>Levels[1l].GetAngularDistribution()->Dra
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Usage examples

- e —
« Calculation and plotting 56Fe(n,n’;) angular Ble £t Yew Optors Toots
distribution with ENDF and EXFOR ‘ —————
20 ——#—— Hata(1990)
user@jinr:~$ root -1 b DS N
16 - ‘
r'OO't [0] Nuc1eus Fe( ||56Fe|| ) ; y Tnlalmmr.SS.Fe[.n.n)SEfe. EI=B-16.E.JPi2.EI+

root [1] Fe.GenerateProducts()//14.1 MeV n by default

root [2] Nucleus* Fe2=Fe.FindProductByReaction("(n,n")") 10 —
root [3] gl=Fe2->Levels[1]. 8 ?
GetEXFORTMultiGraphForAngularDistributions(13,15) 6 [~ -

//Find data in 13-15 MeV range 4
root [3] g2=Fe2->Levels[1l].GetAngularDistribution() 2

root [4] g3=Fe2-Levels[1].
GetAngularDistribution(“ENDF")

root [5] gl->Add(g2,”1"”); gl->Add(g3,"”1"”);
gl->Draw(“ap”);

ol—

co v b by b Py v By I }
20 40 60 80 100 120 140 160 180 .
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Usage examples

y-spectrum decoding

° Decoding of the Y- g 6000;_ no threshold (ENDF-like)
spectrum is a very = g | £
common task 4000 -
) 3000 =
* y-transition data | N
from ENDF often  E =~ ™ S AN AR I |} A AN
cannot be used 300 a0 A s0 50 60
d|reCt|y % 6000£ E; == E\ ’CE: = g 4mb threshold*abundancy
O S000F=2, & 5 =8 =) = S g
m— S 5| 5|2 = = =
u 4000 e Rl . ol =
Usage of the I A E :
5 — # o S N - 2 8 el
estimated cross-  swof=| 7| Z[2H 2 ARE
section data could 2005, "L BIE[H 0 Th | &
= I I | %@
be useful 1000 T e e e e
300 350 400 450 500 550 600
E.keV
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Model parameters adjustment

 The MINUIT package
IS used to minimize the

X2
* The experimental data

IS presented as D(x)
function

* Function C connects
the model parameters
and minimization
parameters

* F returns calculation
results in the same
representation as D(x)

initial

\J

approximation

gé(tpenmental

void C(Nucleus *N,
vector double> &Par)

a D(x) >

double F(Nucleus* N, F

double x)

array of modell C

parameters

class TalysFitterMT
(part of TalysLib)

A

Nucleus

(contains calculation results
and model parameters)

i s

Talys
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Model parameters adjustment
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Usage examples

Optical model fit

“Mg **Si °Fe
BNt (1377 —a— D.Schmidt (00T) A Takahashi (1992) —s— D.Schmidt (1994)
—a— GHaouat (1984) —=— M.Baba (1986) , 3
—e— RL.Clarke (1964)  —&— S.Kliczewski (1978) — ?ﬁ%‘;gs‘:“fﬁ; —— I\\s.}l;)al}c‘utakleg(715975)
—a— TRoturier (1965) ~ —— ROT 103 — g -Kadi ( ) —— Rb;l‘c er ( )
= — Y
~— DWBA —— DWBAy
— VB —— VIBy
102 « MO YMOJI4a HHEO»
9 4 kS
9

10 3
i .
1 E ) ) ) ) ) ) ) ) ) I ) . ) ) ) ) . ) - ) . . ) . )
0 20 40 60 80 100 120 140 160 0, r;1;§2 0 20 40 60 80 100 120 140 160 0, "llgg 0 2(‘) 4(‘] 60 80 100 120 140 160 0. r]l)g(:]l
AROT | AROT, | DEF(AROT) DWBA | DWBA, | ROT | DEF(ROT) ROT | ROT, VIB | VIB, | DEF(DWBA)
x2/N| 8,37 8,35 26,51 8,975 9,028 9,436 18,017 6,13 6,08 6,10 6,29 10,05
YYN| 716 7,19 2852 8,818 8,873 9,276 18,229 5,20 5,15 5,18 | 5,40 8,89
X%/N 17,47 17,11 11,39 13,553 13,531 14,080 11,845 13,62 | 13,52 | 13,49 | 13,50 19,32

AROT — acuMMeTpHUYHBIN POTATOP
ROT — porarop

DWBA — BopHoBckoe npuOnmkeHue
HCKaKEHHBIX BOJIH

VIB — ocummtarop
DEF(...) — mapameTps! "1io yMO4aHUIO"
WHpeke y TOKa3bIBaET, YTO B BEIOOPKY

BKJIFOYCHBI Y-BBIXOIBbI

exp _ Lthy2 x %/ N — oTknonenue 11s Beeii BEIGOPKH
XN = Z by _—377)

2 & o
o (Gexp)z s X o/ N — nna neiimponnoit vactu

Xy2 / N — nns y-6b1x0006

- . TETTRC T T e



Conclusion

e

* There Is a new automated way to get nuclear data

* There are a lot of bugs, but it works

* |If somebody asks, we will add new features e
https://github.com/terawatt93/TalysLib %



https://github.com/terawatt93/TalysLib
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