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REACTIONS OF ISOTOPE ®Co FORMATION AT INTERACTION
OF NEUTRONS WITH * Co, “Ni AND ®Cu
(STATE-OF-THE-ART OF NEUTRON CROSS SECTIONS)

M.F. Vlasov, O.0. Gritzay, L.E. Chervonna, V.V. Zerkin'
'T4EA Nuclear Data Section, Vienna, Austria

The state-of-the-art of neuron cross sections of three reactions resulting in formation of an isotope
%Co and commonly used as activation detectors at neutron flux and fluence measurements in wide neutron
energy range has been analyzed. The analysis was conducted on the basis of information from the newest
versions of the evaluated nuclear data libraries ENDF/B-VI, JEF-2. 2, JENDL-3.2, BROND-2, CENDL-2,
international reactor dosimetry file IRDF-90 (version 2) and international library of experimental nuclear
data CSISRS. A graphical cross section presentation of the reactions PCo(ny)*Co, “Ni (n,p)“Co and Cu
(n,0)*°Co in the energy range up to 20 MeV, brief analysis of the available evaluated and experimental data,
including results of integral experiments in standard neutron fields, provide condensed, but rather complete
information on present day state of the reactions concerned. The up-to-date information on characteristics of
®Co decay and the reactions under consideration is also included.

This work is a part of review of the present-day state of activation reaction neuron cross
sections, important for reactor dosimetry which is in preparation now at the sector "Centre of
nuclear data ", KINR , National Academy of Sciences of Ukraine. The reactions Co (n,y) *Co,
%ONi (n,p)*°Co and ®Cu (n,0)*°Co are included in the specialized 640-group library of nuclear data -
international file for reactor dosimetry IRDF-90 (International Reactor Dosimetry File) and are
widely used for the definition of neutron fluxes and fluences not only in the field of reactor
dosimetry, but in many activation studies as well. The wide utilization of these reactions is
stipulated by sufficiently large values of cross sections of isotope °Co formation in neutron fluxes,
and by convenience of gamma-quanta detection, which, as it is possible to see from the Fig.1 [1].
are emitted by highly excited states of the “'Ni nucleus, originated during beta decay of 89Co. The
gamma - transitions are well separated (even for Na (I) detectors) by energies and have almost
absolute yields for both strongest lines:

Ey=1173.237+0. 004 keV, Iy = 99.90 £ 0.02 %;
Ey = 1332. 501 £ 0. 005 keV, Iy =99. 9820+ 0. 0010 %.

The thermal neutron capture cross section (o, at E, =0.0253 eV) is equal 37.18 =0.06 barn and
resonance integral RI is 74+ 2 barn [2].

The half-life of ©°Co (T2 = 5.2714 + 0.0005 years) stipulates also wide utilization of this
isotope as a source of gamma-rays in technique and metrology (*’Co is always a part of standard
reference gamma-ray source set). However, due to long half-life and hard radiation, the W
accumulation is a problem number one in the case of NPP decommissioning after one year and
more from the moment of the reactor shut-down. Therefore it is necessary to take into account all
three channels of ®°Co formation: (n, ¥) reaction on ¥Co, (n, p) reaction on €ONi , (n, o) reaction on
83Cu. The last reaction is considered as an important source of 89Co accumulation in thermonuclear
reactors.

Availability of the last versions of the evaluated nuclear data libraries: ENDEF/B-VI,
JEF-2, JENDL-3.2, BROND-2, CENDL-2, the international reactor dosimetry file IRDF-90
(version 2), the international library of experimental data CSISRS (Cross Section Information
Storage and Retrieval System), computer programs for cross section calculations on the basis of the
evaluated nuclear data libraries PRE-PRO and program ZVVIEW for graphical representation of
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the whole data (V.V.Zerkin) enables to submit brief, but complete information on state-of-the-art
of this or that reaction.
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Let's consider in more details each of these reactions,

®Co (n, v) %°Co. The *Co(n ,y)é'OCo reaction has energy_dependence of ordinary JE type
with a strong s-resonance in the range of 101-167 ¢V (Eq = 132.540.5¢V) and sufficiently large
cross section in the thermal point (En = 0.0253 V) oy = 37.18 = 0.06 b. As it can be seen from
Figs. 2a and 2b, all four libraries of evaluated nuclear data: ENDF/B-VI, JEF-2, JENDL-3.2,
CENDL-2 and international reactor dosimetry file IRDF-90 reasonably well describe experimental
values of cross sections in the energy range from 10-°> eV up to 1 MeV with the exception perhaps
of experimental data in the range 0.17 - 2.5 MeV, obtained by Johnsrud 59 (1959, further only two
last digits are given). In the range from 1 MeV up to 20 MeV the best description of experimental
data gives, in our opinion, JENDL-3.2. The sudden change in cross section near 8 MeV proposed in
IRDF-90, is not observed experimentally. It is necessary however to note, that experimental data in
this energy range are scarce. The reaction is often used as a detector for thermal neutron fluence
measurements. It can be also used as a resonance detector since the cross section in the range from
10 eV up to 1 MeV is still sufficiently large, decreasing from 1 barn up to 10 mb, being increased in
the resonances on 2 - 3 orders. In this case, however, it is necessary to define precisely a measured
range of neutron energies.

SNi (n, p) “’Co. The reaction is exoergic (Q = -2. 042000 MeV [4] ) with threshold energy
Ewe = 2.076 MeV.

Nickel is a component of structural materials (stainless steel) of thermal, fast and
thermonuclear reactors, The reaction is used for fast neutron fluence definition and is a part of the
international reactor dosimetry file.

The up-to-date state of the excitation function is presented in Fig. 3a. The evaluated data are
from four libraries (ENDF/B-VI, JEF-2, JENDL-3. 2, BROND-2) and international reactor
dosimetry file IRDF-90, experimental data are from CSISRS system. Three libraries (ENDF/B-VI,
JEF-2, IRDF-90) contain the identical information, based on Larson 89 evaluation, in which
Vonach 89 (up to 12 MeV), Greenwood 87 (14.5 - 15 MeV) and Paulsen 67 (15 - 20 MeV)
experimental data were taken into account. The evaluations of BROND-2 and JENDL-3.2 libraries
give considerably higher values of cross section from threshold of the reaction up to 12 MeV,
following in this range to the Paulsen 67 experimental data and without other more recent results
consideration.

The result of cross section measurements in the neutron field of californium - 252,
conducted by Mannhart 82 [3], <o >cps2 = 2.39 £ 0.39 mb, is well agreed with calculation of this
quantity on the ENDF/B-VI base [4]. Calculations of <6> cps» on the ENDF/B-V base [5], where
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(as well as in BROND-2 and JENDL-3.2) Paulsen 67 experimental data were accepted, give
averaged cross section on 44 % higher than Mannhart 82 result.

As it can be seen from Fig. 3a, the cross section measurements in the energy range up to
10 MeV carried out later (Wagner 91, Sudar 91) are in rather good agreement with ENDF/B-VI
(IRDF-90, JEF-2) evaluation. The large errors of experimental data obtained in the range from 10 to
13 MeV and discrepancy between measurements of different authors (Vonach 89, Wagner 91,
Sudar 91) do not allow to draw a unique conclusion about expediency of revising of the evaluation
towards the cross section value increasing in this range. New measurements with higher precision
are needed. However, such tendency in the cross section shape (Fig. 3b) is reconfirmed by
measurements in the range 13,5 - 14.8 MeV (Wang 90 and recent Filatenkov 97, 99 high precision
measurements), which indicate that all available evaluations give underestimated (up to 20 %)
quantities of the cross section in this energy range.

8Cu (n, o) **Co. The reaction is endoergic (Q = 1.7149 MeV [4]) with threshold energy
Ewr = 1.742 MeV. The reaction is widely used for definition of neutron fluences. It is important in
connection with the ecological problems of thermonuclear reactors. The up-to-date state of the
excitation function is presented in Fig. 4a. It contains all available experimental data and
evaluations, given in three libraries: ENDF/B-VI, JENDL-3.2 and IRDF-90.

The experimental information from threshold up to 10 MeV is presented by Paulsen 67 and
Winkler 80. The ENDE/B-VI, JENDL-3.2 and IRDF-90 evaluations in this energy range are based
on the results of these authors, but preference is given to Winkler 80 data as more recent and
detailed. Measurements in the Cf-252 neutron field (0.709 £0.017 mb [6] and 0.671 £0. 018 mb [7])
are also in favour of the last data: calculations of <c>cps2 on the basis of Winkler 80 results give
0.6761 mb, whereas on the basis of Paulsen 67 it is 0. 7577mb [8]. However, the knowledge of the
cross section near threshold is particularly important due to the fact that up to 95 % of the reaction
response in reactor fission neutron spectrum is from the energy range 3.5-4 MeV above threshold.
Therefore, in our opinion, there is a necessity of new measurements.

In the range between 10 and 13 MeV there are only Paulsen 67 and Lu 90 measurements
with large errors. Due to scattering of data points it is difficult do define the excitation function
shape. The ENDF/B-VI evaluated data may be considered underestimated, whereas the JENDL 3.2
evaluation higher 10 MeV can not be recommended, for it does not take into account a state of data
in the field of 13 - 15 MeV and at higher energies.

In the energy range 13 - 15 MeV (Fig. 4b) practically all experimental results lay above
evaluated curves. The Filatenkov 97 results with small errors are well agreed with results of other
high-precision experiments, but lay below than Lu 90, Wang 90, and Kayashima 79 data. The
evaluated ENDF/B-VI data in this interval are on average 10 - 15 % lower than available
experimental data.

Above 15 MeV there are Paulsen 67 and Lu 90 data, and the last ones are considerably
(approximately 25 %) higher. The ENDF/B-VI (IRDF-90) library takes into account both these
experimental data sets, going equidistantly between them, whereas JENDL 3.2 is oriented only on
Paulsen 67 data.

The present-day state of the reaction cross section data denote necessity of new measurements near
threshold, in the range of 10 - 13 MeV, where data are practically missing, and higher 15 MeV,

where they are discrepant.
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PEAKIIL YTBOPEHHS 130TOMY “Co TIPH B3A€MOJL
HEUTPOHIB 3 ¥Co, “Ni'1 “Cu
(CYJACHHI CTAH HEUTPOHHUX TIEPEPI3IB)

M.®. Baacos, 0.0, I'punaii, JL.€. Yepronna, B.B. 3epkin

[IpoananizoBaHo Cy4acHMi cTaH HEHTPOHHHX repepizis TPHOX PEAKLid, WO NPHU3IBOAATL 1O
YTBOPEHHA 130TOMNY °Co | mHPOKO BHKOPHUCTOBYIOTBCS AK AKTMBALUMHI ACTEKTOPH /Ui BH3HAUCHHS
HeHTPOHHUX MOTOKIB i (I0eHCiB. AHAMI3 NPOBOJHMBCA HA ocHoBi indopmanii 3 HoBiTHIX Bepcilt Gibniorek
ouinennx agepuux ganux ENDF/B-VI, JEF-2, JENDL-3.2, BROND-2, CENDL-2, mixHapoaHoro (aiina
quts peaxtoproi posumerpii IRDF-90, epcia 2, i MKHapOIHOT 6i61i0TEKH EKCIIePUMEHTANbHIX AJICPHHX
nauux CSISRS. ['pachiune npeacTaBleHHs nepepiziB peakuii ¥Co(n,y)*Co, 6CLNi(n,tg})m(jo, Cu(n,0)*’Co &
inTeppani enepriii 1o 20 MeB, kopoTkui# aHaii3 HaABHHX OLUHEHMX | EKCIIePUMEHTANbHUX [aHHX,
BK/TIOUAKOMH Pe3YyJIBTATH iHTErpajbHUX SKCIIePUMEHTIB Y CTAHIAPTHHX HEHTPOHHMX MOJIAX, AAKOTh CTHCIY,
aje JOCHTL NOBHY KapTHHY cyuacHoro ix crady. ITonaHo CydacHy iH(OpMAaLII0 3 XapaKTEPUCTHK po3Ialy
%Co Ta po3risHyTHX peaKiii,

PEAKIIMY OBPA30OBAHMS M30TONA Co IIPU B3AMMOJIEMCTBUN
HEATPOHOB C “Co, “Ni M “Cu .
(COBPEMEHHOE COCTOSHME HENTPOHHBIX CEYEHHH)

M.®. Baacor, E.A. I'puuaii, JL.E. Yepsonnas, B.B. 3eprun

[Npoananu3MpoOBaHO COBPEMEHHOE COCTOAHHE HEHTPOHHBIX CEYSHHH TpeX peaKiui, NPUBOIALIHNX K
06pa3zoBaHHIO M30TOMA %Co u WUPOKO WUCIIOMB3YIONIMXCS B KAUECTBE AKTUBALWAOHHBIX JETEKTOPOB IIpH
ONpeJeNeHuy HEeWTPOHHBIX NOTOKOB W (PIIOCHCOB. AHAIM3 TIPOBOAMICH HA OCHOBE uHbOPMaHKMH M3
HOBEHIIMX BepcHil OMOMMOTEK OLUEHEHHBIX SIePHBIX AaHHBIX ENDF/B-VI, JEF-2, JENDL-3.2, BROND-2,
CENDL-2, MexayHapoaHoro (aiina s peakTopHOH J03MMETPHH IRDF-90, Bepcus 2, 1 MeX1yHapOAHOH
GUOTHOTEKH 3KCTEpUMEHTaNbHEIX sgepHbIX jaHHpX CSISRS. ['padmueckoe NpeicTaBeHUE CEUEHHH
peaxiui 59‘C‘.a:)(n,"{)ﬁo(lo, 6E}I\Ti(n,p}"’OCO, 63CU(I),OL)6GCO B obsactu sneprui go 20 MboB, xpaTkuii ananns
MMEIOMAXCA OLIGHEHHBIX M IKCTEPUMEHTAIBHBIX JIAHHBIX, BKJIOWAf PE3ysNbTaThl  MHTETPAbHBIX
SKCTIGPHMEHTOB B CTAHAAPTHBIX HEHTPOMHBIX MOJAX, JAKOT CKATYIO, HO JIOCTATOUHO TOJHYI0 KapTHHY
COBPEMEHHOrO MX COcTosiHus. JlaHa coBpeMeHHas MHGOpMALMA MO XapaKTepuCTvKaM pacnaja “Co u
paccMaTpUBaeMbIM PEAKLIUSM.
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