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Neutron activation cross section measurements at Bratislava
Final revort

T. Ribansky, Institute of Physies, FPRC, SiS, 842 23 Bratislava

J. Introduction

Activation ﬁechnique has been used to measure the ecross sections

for neutron-induced rcactions of Ti, Cr and N1 isotopes with

emphasis on the (n,p) and (n,np) *. Though many such data have bee

been measured in the pest it is penerally difficult to determing

which values are to be preffered es those dota often exhibit mu-
tual disugreement suhstantially exceeding the quoted uncertain-

| ﬁee. This is probably the reason why the new data are still re-~

quested in "TENDA 33/34. lMoreover, Ti, Cr and Ni are a notential

comnronent of fusion reactor construction umaterial and precise

and 1eliable activation data are obviomsly needed in mecordance

with the Coordinate Research Programme objectives.

The meesurements of the reported deta were undertaken in a
belief that the efficient way to improve the existing situation
in activeation data for Ti, Cr and Ni ips their careful remeasure-
ment using modern experimentel procedures, data processing tcch-
niques and error-handlings methods,

In sect. JI, the novel experimental epproaches are briefly
described together with error-handling method, In sect, III the
data meawured within CRP are nresented without any further com—
ment and analysis es very many input informetions are needed.

They can be found in the quoted literature. The same refer to the
relevant experimental details,

¥ the (n,np) symbol stands for the sum of the (m,n°p), (n,pn)
end (n,d) contributions.



II., Experinental procedures und uncertgiaties

1. Coincidence summing corrections (CSC). In the fast ncutron

activation the most precise and reliable method for mgasurement

_of‘the nctivity of the reaction products is the Ge Li /HPGE

#- ray spectroscopy of the irrediated samples. Due $0 relatively
low detection efficiency of theee detectors and -~ generally -« low

ac?ivity of the s2amples the close geometxry has to be used for their

3h-counting. lfowvever at close geometry the coincidence summing

/due to cascading X—fransitions/ becomes an important source of

systemntic errors un to several tens of nercents . To corect

for these effects one has to know the absolute photo~ and fotal-

detection efficiences for a specific geometxry used,

We have develored the method of Ge detector crlibration at
cluse seometry. The alventa~e of the method 1s im usz of a stan-
dard sgt, and therzfore easily available of absoiutely calibra-
ted él-sou:ces for detector corlibration et for geometry where CSC
are negligible, These data are transformed to close peometry by
measur;ng the transformation curve using a set of uncalibrated
single-1line sources which can easily be prepared using standard
radiactive solutions.

Usirg this method we have succeeded to measure the photo-
efficicnecy of our detector at close geometry with the dneeyfain-
ty £i,5 % in the interval 60 - 2000 1@V, The ovcrall uncexrtainty
for the total éfficiency wag <5 % which is sufficient to keeps
the CSC®s uncertainty helow ~ 1 %,

The method is described in xef, [11 .

2, Interference of {n,p) and (n,npY) processes, For the relati-
vely light nuclel (like T4, Cxr and Ni) the contribution to the

pctivity of the (A,Zwl) reaction product frem (A.+1, Z) target
- (n,np) channel = might be comporable with that from (A, Z)
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taxget ~ (n,p) chennel, In order to distinquish between these
two chennels the highly euriched samples are required. Howevex
guch targets are not readily available and the price might be
nrohibitive especially if a given element consists from meny
stnble isotones. In some cases even the high enrichment can not

guarantee that the contribution from n,np channel will be

negligile (1.e. 12 6, o (#1,2) 3> 6 | (4.2)).

In our measurements we have used several isotopic mixtures
in orcder to cdistinquish between these two channels., Than the ex-
perimentalv messured quantity X} for a given.mixture i1 is glven

X3 = Su,p (A.Z)frzi({\’z) + S np (A+1.Z§ly2; (a+1,2) (1)

To solve this system of linear equations (i .>_3> one has to use
statistiecal method as bothhX’s and 7 ®e have their uncertein-
tics, Such methods are readily available.

The advantage of this method is that the high enrichment
is no more imperative, error assignement of the extracted quan-
tities is coneistent and well defined. Woreover the well esta-
blished stétistical tests misht help to discover inconcistences
in reesured cuantities. Vext, thie method can be extemded to

include three nucleon emission from (A+2, Z> target.

3o Uncertainties., To avold an ad hoc assignement of uncerttim-
ties of the measured cross eections end tc include in final un-
certainéies also known systematic errors in a consistent way the
covariance matrix method developed in refs. [?,3] wexre edopted,
Thus all our experimental rcsults represent total uncertain-

tieso



IT7T. " xperimental results

The final results for the neutron activation cross scctions for

T4, C; end N1 isotopes are ¢iven subsequently in tables[i, 2]

and 3, The corxesponding experimental details, comparisons
with other deta und thelr analyses are given in 1efs. [4. 5]
for Ti, in refs [6] for cr and in refs. [7. é] for Ni isotopes.
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Table 1. Activation cross sections for T1 isotopes at 14.3 MeV

& Uncertainties Correlation
Reaction (mbarn) {mbarn) nta;szsix
463 (n, pY*6Bsc 5540 2.2 100
471 (n,np)*60se 6.92 0.33 ~45 100
4604 (n,p)4685c  211.7 8.3 100
4703 (0,np)48sec  55.9 2.3 -14 100
4804 (n,p) 46™+85c  266.7 8.6
47Ti(n,np)46m+850 62.3 2.4
4Tp4 (n,p)* se 169.5 649 100
4314 (n,np)*7se 11.52 0.51 -51 100
4301 (n,p)*3se T1.7 2.6 100
43904 (n Y 3se 6.9 0.7 -23 100
50m4 (n,p)”%se 15.40 0.63
V13 (n, % )4Tca 9.0 0.8

Table 2, lNeutron activatirn cross-scctions ®or Cr isotopes

at 14.3 eV
& Uncexrtainty Coxrrelution

Reaction (mbarn) (mbazrn ) metrix (7,)
50¢x(n,2n)*%r 21,2 1.2
520y (n, 2:1)5101' 375 23
Z%cx (n,p ) H 3.4 3.2 100
53¢x (n,np)° X 7.6 0.6 -14 100
3cr (n,p)*3v 37.0 1.6 100
94cr (n,np)?3v | 1.6 0.2 -25 100
H6x(n,p)4v 15.3 0.7
er o) Flpg 11.0 0.5




Table 3, Neutrnn activation cross sections for Ni isotopes

at 14.3 eV,

c Uncertainty Coxiiggﬁ.on
Reaction ~(mbarn) (mbarn ) (%)
i, :)°ms o 3246 2.3 100
311 (n,np)° Tco 467 2.3 -23 100
5311(n, p) >0 134.2% 6.2 100
534 (n,n)? 3BCo 120.4 % 6.9 -23 100
5311 (n,p)?3™Eco | 25446 7.1
g1 (n,p) %o 501 4.2 200
51311 (n,np) 0o 25.3 0.9 ~49 100
6151 (n,p)®2co 6646 3.1
6214 (n,0)0 20 1.7 o.s 100
6211 (n,p)°%6c0 17.3 ¥ 1.2 66 100
Ga‘ri(n,p)sz*gCo 29.0. 0.9
64}Ii[n,np‘)63Co | 0.36 1 0.04
6411 (n40)8  Fe 4.23 0.15

a/ Anclyeis of the 810,38 eV &\-line decay curve
b/ Analysis of the 1129.,1 keV, 1163,5 keV and 1173,0 keV

és\ -1line decay curves,



