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ABSTRACT

others have been involved in research •
efforts indirectly related to this CRPThe IAEA initiated a Coordinated

Research Program (CLP) in 1988 to obtain The work of _his CRP has been docu-
reliable information for 16 long-lived mented in the proceedings of three coor-
activation reactions of special impor- dination meetingsS-S and its statustance to fusion reactor technoloey: 27A1

through mid-1991 was reported at the(n,2n)26A1, e3Cu(n,p_ 6SNi_ g_
'4Nb, lO,A=(n _-_tos_ A ' ..... o(n,p) _:_Izcp_Conference. 6 The invest agations,--} aS, _rUHf n,2n
XTSm=llf, ls=_n, n, ),,sm=ll_ ,,._, ^ _, --_o _nree categories: i) cross
tS0gEu tss "" a --, lS-uu_n:zn), section measurements (-most are near 14, Eu n,2n 15_g+m2 . Is9

_:_-2Ir, i,,R_In:_),s;:_e,"O+_tn_2n_ , at other energies, especially for neu-'
_i, +SMo{n-+_++Mo{_+++- _--- _ ,_+ tron capture), ii) evaluations (includ-

t6_m , '- x_-_ -_, °ouo n, in_ those based on systematics), andHo and _ _ . _ 7)

_-- - _r(n,7) _m_Ir. Thzs uaner iiz) nuclear model calculations intended
uocumen_s progress achieved from_ the to define excxtation functions for the
start of the program through mid-1993, reactions considered. ResuIts from this
I. INTRODUCTION program are summarized below.

A list of 16 important activation _: Contributors to the IAEA CRP ,
cross sections for fusion materials was on activation cross sections for long-presented by E. Cheng at the 1986 Gaus- lived radionuclides
sis Advisory Meeting on Nuclear Data for

Fusion Reactor Technology. This list vas Autria
subsequently endorsed by Yorking Group I

at this meeting, t The issue vas also put . _o.a_. , .. ""
forth by Cheng at the 1987 INDC Meet- ". ---,-:-+.e_ . .ing._ On the strength of this input, the
IAEA formed a Coordinated Research Pro- s. ashcheakob

ram (CRP) in 1988 entitled "Activation _kl__(Peoples'lepublic)

_ross +ections for the _eneration of un,ho_"-_xi""+vu.-Ve+xius,ZU"+e,r+nS,Zh,o+_+
J_stitute of Atomicgnere_-_i_ine (_lg_

Lon_-lived Radionuclides of Importance .university t_ u

in eusion Reactor Technology'. There are Zhonglin$, Yang Jingkaagrang Yongchang_--YuaaJunqian, Vane |uamln, |en
presently 10 research agreement holders Pekin, University(p_

Shi Zhoamlng
affiliated vith this CRP, and 57 indivi- m_.,. _niversitv

duals have contributed directly)to the x_a Yijun, Vans Chunhao, Long Iiansuau ¥a
Jingfu, _e Fu • , aS

_ork of the program (see Table s Many . + _ _Ing.,YxagZhxhu.,PensIiufeng,_iu• _an_ia.q, buo liaooiu_

t$ UNLIM_ ,,+

%
, _ , ,,



ae_.oy that were also carried in the CRP.
Yorchunl_zentrun- Geesthtct (FZG_

i.-Agrawal, t. Pepeln./k -
rorchunlszentru_Juelich (FZJ) For some cases where, needed infor-

s. qai,, nation was very difficult to obtain di-

|usla_nstituteof Bxnerinental Phvsics-Debrecen (IEP) rectly from experiments, it has been
Cs. II. Sucako, F. Cserpak, J. Csikai, - - possible to estimate the cross sections

by subtracting experimental values for
ItalYcentro di Calcolo-8oloena (ENEA) short-lived components from total reac-

G. amino. - tion cross sections _ 14 MeWthat were

Japu derived from systematic considerations.
Data EnlineerinR. Inc. (DE)

N.-Yammuro - -
JaoanAtomicenernv|esearchInstitute-Tokai (JA_I) The compiled 14-MeW data for ?

Y.Ikeda,C.[onno particle-emission reactions were eval-
In,him uated in order to provide suggested

Institute of Physics and Power Enlineerin_-Obninsk values to be used in applications by the
_T_oFo._I..Grudzevic5, A. Isnatyuk', N. Kornilov, 1. fusion energy £ommunity. They also

Pashcheakob, A. Zelenetsky, |. Zolotarev
V.G. [hlooin t._iua Institute-St. Petersburag[|I_ served to normalize the results of cer-

|. Bllnov, (died in 1993), S. Chuvaev, A. tain nuclear model calculations carried
Filateakovs (alternate for Dlinov), B. Gavrilov, out by the CRPB. Shirvaev

United linsdo, III NUCLEARMODELCALCULATIONS
narvell Laboratory and Euratom Fusion Association

_L- E1PA) v
|. torrents, S. Patrick, L. lussen, I. So erby, C. A nuclear modeling effort for seve-
Vilkins ral reactions has been carried out in

United Staten parallel with the experimental programAreonne National Laborator_ (AHL_
- L. Greenwood, J. leadovl, D-. Smiths For 8 of these, more than one investi-

LawrenceLivemoreNational Laboratory (LLhL) gator calculated the cross sections fromI. Chadvickab, D. Gardner, I. Gardner
LosAl-=nsNationalLaboratory(LANL) threshold to 14 MeW. These results were

I. Chadeicksb, I. |aisht, P. Youn& then normalized to evaluated 14-MEW
Oak |idle National Laboratory (OINL1 -

C. Fu cross sections, thus providing evaluated'
TSI tese__-ch-Solznaneach ('I'SI_ excitation functions (see Figures 1-8)..... B. Chert8

• IAEA Cff research agreement holder.S
b Affiliated with more than one organization during ClP. ' IV. CONCLUSIONS

II. MEASUREMENTSANDEVALUATIONS This CRP has produced extensive re-
suits relevant to the reactions on the

The original request from the fu- original list, thereby greatly improving
sion community was for activation cross the nuclear data base for fusion energy
section data in the vicinity of 14 MeW applications. The status is now reason-
for particle-emission reactions, and be- ably acceptable for 12 of the reactions
low a few MeWfor (n,7) reactions. Iost considered. However, there are unaccep-
of the measurement effort has been car- table uncertainties for the 6 remaining
rind out near 14 MeW because intense reactions. Poor knowledge of the decay
neutron sources were needed to produce half life remains a concern for several
adequate yield of the long-lived activi- of these reactions. The status of each
ties of interest to the CRP. These could reaction is given in the Appendix. In
be obtained from neutron generators at addition, this CRP has spawned studies
several laboratories. However, some data in related areas' not discussed in this
were also obtained for particle-emission paper. These have also contributed sig-
reactions at lover energies, including nificantly to improving our general
integral data in the Be(d,n) neutron knowledge of neutron-induced activation
field. It is recognized that such infor- processes. Consequently, this CRP has
mation will be useful in testing the re- clearly been one of the most successful
sults from nuclear model calculations undertakings of its kind.

L
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APPENDIX: Status of CKP Keactions -s..pLe ;rr._inZio.j _n cae: IIs (14.2-14.8 hV), IEP/rza
(14.5|eV),|lI (13.7-14.9HEY), INL/JIE|I/LINL (10.3,14.7
|eV and continuum neutrons from 7 le¥ deuterons on thick De

_l(n,2n):e_ ' target), LU (13.6-14.8 HEY).
Izperimen|n_ Croa_ Sections /roe tIP: lie (14.2-14.8 HEY),

Propert_e_: Half life = 7.2 x lOS years. Threshold = 13.55 IBP/PZG (14.5 HEY), [Ll (13.7-14.9 HEY), INL/JIEII/LINL
leY. Decay = e (100_). Dominant?. ray = 1809 key (99.8_). (10.3, 14.7 HEY), LU (13.6-14.8 HEY).
Data J_u_[ab_e Prior to tIP: Some cross section values for Hsclegr Iodel Cross Sections from tIP: lIB, DE, IPPE, INL,
both Ions-lived ,ground state (g) and short-lived isomer LANL/LLNL. .
(m).7 Can estimate long-lived (S_ component from Ez(n,2n) = hnLset_ons from CIP: Experimental data m 14 HeV evaluatedCtot(n,2n) - _s(n,2n). Derive _ot(n,2n) from sys_ematics. at III. Nuclear model results evaluated at LLNL.
Large uncertainty due to neutron energ_ dependence and de-
termination of _tos(U,2n) from systeutacS. $|8|ss: Experimental results u 14 HeY have been evaluated at
S_p_e lrr44fat_ons in tIP: IEP (14.6 HEY). In. Data are reasonably consistent. Results from nuclear
Bzper_men_4_ Croa_ Sections /rum ClP: None. modelEDs atseveral laboratories (normalized at 14.5 HeY)have been averaged to produce a recommendedexcitation func-
#sc_e_rlode_ _roaa Secf_ona /rum tIP: DE, IEP, IPPE. tion for _tot(n,p). Differences in shapes from individual
_nlsationa /rum _IP: _one. calculations are modest. Due to CILPefforts, cross sectionStut,s: Several model calculations but no hey data from CIP.
Uncertainty remains significant, probably is knovn adequately for fusion energy applJ.cations.

Properties: |all-life = 31 years. Threshold = 8.58 HeY.
Properties: Half life = I00.I. years. Threshold = None Decay = IT (I00%). Dominant ?-ray = 428 key (97.1%).
(exoergic reaction). Decay (100_). No ?.rays, On_a l_4_b_e Prior |o _IP: No data found for Ions-llved
D_ _vu_nb_e Prior to ;I_P". Some cross section values isomer (n2), some data reported for short-lived isomer
around 14 leV.T Significant discrepancies observed. (ml)'_ There is .no ray to estimate _a_(n,2n) from syste-
SampZe Irrad_a|_ons _n _IP: _ZJ/I_P (5.4-12.3, 14.5 leV)," matics vithout knovin_ isomer ratios.
INL/JIELI/LINL (10.3, 14.7 HeY and continuum neutrons from 7 Sample Irra_n_ons _n ¢IP: EL/E_I (14.8 HEY), IIE/LU
leV deuterons on thick Be target), HL-E_L (14.8 leV). (14.2-14.8 HEY), INL/JIEII/LANL (10.3, 14.7 HeY and conti-
hper_meatn_ _ross Sec|_ona from _IP: None. Results pending nuumneutrons from 7 leY deuterons on thick De target).
from _ZJ/IEP effort. Samples irradiated in ANL/JAELI/L_NL #zper_mental Cross Sect_on_ /rum ¢IP: 8L/E_A (14.8 HEY),
effortnot an:lyzbd due to end of ANLprogram. ILE_LU (14.2-14.8 HEY), JAEII_INL (14.7 leY).
#,cZearlode_ Cross Sections from tIP: OUL, DE, IIg, IEP. #me,ear Iode_ Cross Sections from _IP: LINL/LLNL,IPPB
_a[nution_ fro_ CIP: None. halsa|_ons fro_ ¢IP: Experimental data m 14 HeY evaluated
Status: Results of several model calculations from CIP need at IU. Nuclear model results evaluated at LLNL.
to be compared vith each other and vith existing data. Ex_ Sto_ss: Kxperimental results = 14 leV have been evaluated at
perimental results from the _ZS/IEP effort (if successful) Ii_. Data are reasonably consistent. Results from nuclear
rill be useful in defining the excitation function since the modelin_ at tvo laboratories (normalized at 14.5 HeY) have
shapes obtained from nuclear modeling studies vary consi- oeen averaged to produce a recommended excitation function
derably. Rnovledge of the 14-IeV cross section alone is in- for _s_(n,_n). Differences in shapes from individual calcu-
adequate for such a lov threshold reaction. Uncertainty lations are modest. Due to C_P effort, cross section appears
remains significant, to be knovnvell enough for fusion energy applications.

..... !

J4lo(n.u_O4Nb
Proper|_es: Half life = 2.03 x 104 years. Threshold = 1.28 t°sV(n'n'e)t_s=_Rf
leV. Decay =_- (100%), Dominant ?.ray = 871 key (99.9%). Properties:lair-life = 31 years. Threshold = 8.58 HeY.

Decay = IT (100%). Dominant 7-ray = 426 key (97.1%).
_ta Aua_ob_ePr_or to ¢IP: Some cross section values for _a_a A_a_Za_e Prior to _IP: None._
both long-lived ground state (_) and short-lived isomer
(m)._ Vhat counts for fusion apphcations is _tot(n,p) since S_pZe Irrndiat_ons _n _IP: HL/E_A(14.8 HEY), JIELI (14.8
_someric level decays vithin a fay seconds to _round state, leV), HL/EFI (14.8 leV), ILl(14.9 HEY), IIE/LU (14.2 leV).
Can estimate _o_(n_p_ from systematics but this involves a Rzper_men_aZ Croa_ Sections from CIP: JIE_i (14.8 leV), III

(14.9 leY), IIE/LU (14.2 HEY).
large uncertainty. CRYexperimental efforts directed tovard Nsc_enr Iode_ Cross Sections from CIP: None.direct measurement of this cross section.
S_mp_e Irradiations _ _IP: JIERI (14.1-14.8 IeV), IEP (14.8 Rua_sat_ona /rum CIP: Experimental results n 14 HeY have
leV), ILl (s 14 leY). been evaluated at Ill.
_zperi_ental _ross Sec|_ons from _IP: JIELI (14.1-14.8 HEY). S_afss: The CIP effort provides a qualitative knovledge of
Nsclenr Iodel _ro_a Sections from CIP: liB, LANL/LLNL,IPPE, the cross section • 14 HeY. Uncertainty remains significant.
D_, IEP.

balsa|ions from tIP: Experimental data m 14 HeY evaluated tStEu(n.2n_SS0sEuat Ill. Nuclear model results evaluated at LLNL.
Proper_es_ gulf life = 35.8 years. Threshold : 8.02 HeY.

Storms: _xperimental results = 14 HeYhave been evaluated at Decay = e (100%). Dominant ?.ray = 334 key (94.0%). ThereIii. Data are reasonably consistent. Results from nuclear
modeling at several laboratories (normalized at 14.5 HeY) exists some contusion as to vhether the long-lived state is
have been averaged to produce a recommendedexcitation func- the ground state .(g) or the isomer (m). Current best knov-
tion for S_ot(n,p).. Differences in shapes from individual ledge indicates that it is the ground state.
calculations are modest. Due to CHPefforts, cross section Oa_a luai_ab_e Prior to CIP: Several cross section values

for both long-lived _round state and short-lived isomer._
probably is kno_, adequately for fusion energy applications. Can estimate lohg-hved (g) component from _s(n,2n) =

• _ot(n,2n) " _s(n,2n). Derzve _tot(n,2n) from systematics.
Large uncertainty due to neutron energy dependence and

somIe(n.3n_tOemJ_ _tot(n,2n) determined from systematics. .
Properties: Ralf- life = 418 years. Threshold = 9.39 IeY. Sup[e [rradia_ions in ¢IP: IIE/LU(14.2-14.8 BEY), _ZJ/IEP
Decay_.= e (91.3%), IT (8.7%). Dominant _ray = 723 key (8.7-10.7 leV)S_ III (13.5-14.9 HEY), Jig|I (14.1-14.8 HEY),(_o.8_).

INL/JAELI/LINL (10.3, 14.7 KeYand continuum neutrons from 7
Ouga AuailabZePrior to CIP: Some cross section values for KeY deuterons on thick Be target).
bcth long-lived isomeric state (H) and short-lived ground lzperimental Cross Sections from CIP: IIE/LU (14.3-14.8
state (g)._ Can estimate long-hved (m) component from HEY), 1!I _13_5-14.9 HEY), _ZJ/IEP (8.7-10.7 HeY)S, JAERI
_.(n,2n) = _Lot(n,2n) - _S(n,_n). Derive _ot(n,2n) from (14.1-14.8 HEY), ANL/JIERI/LI_L (10.3, 14.7 HeY and.conti-
systeutics. Large uncertainty due to neutron energy de- nuumneutrons from 7 HeYdeuterons on thick Be target).
pendence and derivation of _to_(n,2n) from systematics. Dis- _clenr lode_ Cros_ Sec_on_ /rum CtP: LI_L/LLNL, IPP_, I_L.
crepancy existing betveen experimental values and result Bva_sa_ions/rum CIP: Experimental data • 14 HeY evaluated
from systeaatics traced to a serious error in half life. at I_. _uclear model results evaluated at LLNL.
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StaLsa: Experimental results • L4 KeY have been evaluated at #scLear IodeL Cross $ec|ion_ from tIP: None.
IU. Data are reasonably consistent. |esults from nuclear RvaLsa¢ion_ /roe CIP: IH made an estimate of the cross
modeling at two laboratories (normalized at 14.5 |eV) have section _ 14 |eY from systemattcs.
been averaged to produce a recoRended excitation function St4tu: Single experimental value fromCAp is very uncertain
for _s(n,2n). Differences in shapes from individual calcu- because of possible Tb impurity in Dy sample, and cross 8ec-
lations are modest. Due to CIP efforts and previously exist- tins obtained conflicts vith Ill[ estimate from systemattc8.
in8 data, the cross section appears to be knovn adequately Also, knovledge of the 14-|eY cross section alone is inade.

for fusion energF applications l very large in spite of CAP effort.
quate for such a lov threshold reaction. Uncertainty remains

_S_Bu(n.2n_ts2s,olEu
_ropertie3= lalf life = 13.54 years. Threshold = 8.81 BeY. lm;Ir(n_2n_t0ss=Ir
Decay = e (72.1Z), _-(27.9Z). Dominant 7-ray = 344 keV Properties= lair life = 241 years. Threshold = 7.96 leY. De-
(28.6Z). There are tvo shorter-lived isomers (hl and n2) as cay : IT (IOOZ). 'Dominant 7-ray : 317 key ( , 83Z, from de-
veil &s the Ions-lived ground state (g) of xSSh involved in cay of s,_slr). There is a short-lived isomer (ml) an yell
this renction. Their relative coutr£outions can be sorted as a.mediu_hvedground state(g) of t,=Ir involved In this
out only by performing activity measurements at various reactson. The con_rxoutiou of (hi+g) can be obtained by per-
tines follovins irradiation, n2 decays only to g, and nl de- forming activity measurements relatively soon after t_e ir-
cays to neighboring elements, activity masurements muse radiation. Activity measurements made long after the irradt-
long after the irradi&tion yield g.m2, and nl is bTp&sse_. ationyield only the m2 component.
Da_a _vaiLsbZe Prior to CIP: Several cross sectlon values Oats _b_e Prior _o _IP: A fev values of the combined
for both Ions-lived ground state and short-lived isomers._ shorter-lived components (g+nl) exist._ Can estimate Ions-
Can estiute long-lived (g+m2) component from _s,a_(n,2n) = lived, (n2_ component _om _e_(n,2n) = _tot(n,2n) _-
• tot(n,2n) - _,,(n,2n). _erlve _to_(n,2n) from systematics. _s,mt_n_n). uerxve _to_(n,2n) from syste_tlcs. L'azse
Large uncertainty due to neutron energy dependence and uncertainty due to neutron energy dependence and _tot(n,2a)
• tot(U,2n) derived from systematic8. • aeriveo _ron sys_ema_ics. - - -
S_pLe Irrnd_s|_on_ _n _IP: IAB/LU (14.8 leY), lILT S_p_e lrr_at_on_ _n tIP: I/B/LU (14 2 leY)
(13.5-14.9 KEY), ANL/JAEII_/LANL (10.3, 14.7 |eV ud Izper_enta_ _ro_ tecd_ona _rom _l_. TA_/_n _a o ,,v_

continuum neutrons from 7 NeWdeuterons on thick Be target), hc£ear go_e£ Croa# $ecf_on_ from _IP: LA_L/_NL, IPPB.
Bv_[sation_ from _IP. llt/[ made an estimate of the crossJAEII (14.1-14.8 leV).

B=per_ment_L _ro_ Section from _IP: IAB/LU (14.8 leV), lILT section m 14 NeW from systeMtics. Nuclear model results
(13.5-14.9 leW),. INL/JAEII (14.7 NEW), JA_ItI (14.1'14.8 ecaluated at LLNL.
[eV). ttafs_: The CAPeffort generated a single experimental valse
he,ear Iode_ _ro_ tect_on_ from CIP: LLNL, IPPE, lAB. and an estimate based on system&tics, both • 14 leV. They
IvaLnation_ from _IP: Experimental data s 14 ieV evaluated are reasonably consistent. Combined vith evaluated results
at IU. Nuclear nmdel results evaluated at LLNL.

fr?m nuclear.model calculations (normalized at 14.5 IeV),
$_a_sm: Expertmentnl results m 14 MeWhave been evnlunted at _nxs anxorma_xon may satisfy the needs for fusion energy
Ill. Data are reasonably consistent. |esults from nuclear although the uncertainty remains significant.
modeling &t tvo laboratories (normalized at 14.5 |ev) have
been averaged to produce a reco_ended excitation function
for _s,m_(n,2n). Differences in shapes from individual tS_le(n.2n)tS_nle
calculations are modest. Due to CAP efforts and previously Proper_e_ hlf life = 2 x 10s years. Threshold = 7.56 |mY.
existing data, the cross section appears to be knovn uec&y = IT (100_). Dominant 7-ray = 59 key (20_).
adequately for fusion energy applications. Oa_s A_ui_ab_e Prior |o _P: Some cross section values for

the shorter-lived _ground state comvonent ,,(_)._ Can estimate
_S0Tb(n.2n_SSTb long-lived (m) component from _m(n,2n) _ _ot(n,2n) -

_s_n,_n). _erive _tot(n,2n) from systemattcs. Large uncer-
Propertie_ Rnlf life = 150 years. Threshold = 8..18 NeV. taluty due to neutron energy dependence and _tot(n,_n) deri-Decay : e (82_), _-(18_). Dominant 7-ray : 944 keV (43_)_

red from systematics.
Data Avu_Lnble Prior |o ¢IP: Several cross sectiCx, values Sample Irra_aX_on_ _n _IP: JAE_I (14.8 leY), IA8 (14.2 NeW)for both long-lived ground state (g) and short-lived isomer
(m)._ Only counts inediately after irradiation can separate llI (13.5.14.9 IeV).
isouric component, lost counts yield _tot (n,2n) = _s_n,2n) g=per_men_a_ _ro_ tec_ion_ from _IP: JAE_I (14.8 leV), I/e(14.s UeV).
• _m(n,2n). Can also derive ¢_ot(n,2n) from systematics, but hc_ecr Model #ro_ SecZion_ from ¢IP: DE, LANL/LLNL,IPPB.
vith substantial uncertainty. _a_na_ion_ from CIP: Ill made an estimate of the cross sec-

tion • 14 NeV from systematics. Nuclear model results evalu-
Sup_e Irra_a_on_ _n _IP: FZJ/IEP (8.7-10.7 leV)8.
INL/JIEII/LANL (10.3, 14.7 leY and continuum neutrons from
leV deuterons on thick De target), IAE/LU (14.2-14_8 leV). ated at LLNL.
_zper_mentaL _ro_ $ec_ona from _IP: IAB/LU (14.2-i4.8 S_a_s_: The cros_ sections derived from experiments appear
leV), FZJ/IEP (8.7-10.7 NeW)S, ANL/JAEiI/LANL(10.3, 14.7 to be very scattered and uncertain. Perhaps the samples from
leV and continuum neutrons from 7 NeWdeuterons on thick Be irradiations at JIElI, KII and IIE can be counted after &
target), longer cooling time (several years) to obtain consistent re-
N_cLear _o_e_ _ro_a Sec_ion_ from _IP: LANL/LLNL,IPPE, ANL, SUits. Until a reliable normalization • 14 |mY becomes
IAE, DE. available, the overall status rill remain very uncertain.
g_uL_aL_ons from _IP: Experimental data = 14 leV evaluated
at Ill. Nuclear model results evaluated at LLNL. e=Ni_n._0SNi
S_aLs_: Experimental results = 14 leV have been evaluated at Pro_er_e_: ]alf life = 100.1 years. Threshold = None (exo-
IRJ[. Data are reasonably consistent. _esults from nuclear ergic reaction). Decay = _- (100_). No _rays.
modeling at several laboratories (normalized at 14.5 leV) _ata _va_Lab£e Prior _o CIP: Some values at lov energy ,
have been averaged to produce a recouended excitation func- mostly thermal._ _valuated for BNDF/B-VI._
tins for _tot(n,2n) = _s,s(n,2n). Differences in shapes from Sample Irra_a_on_ _n _P: _one.
individual calculations are modest. Due to CAP efforts and Izper_mentnL _ro_ tect_on_ from _IP: None.
previously existing data, the cross section appears to be hc_srlodeL _ro_ tec|_on_ from _IP: D_.
knovn adequately for fusion energy applications. _u_na|ion_ from ¢IP: None.

8¢a¢s_: No york done in CAP. It is necessary to rely mainly

_S,Dy_._p_ on the _NDF/B-VI isotopic evaluation vhich is based entirelyon nuclear models. In assessment of the situation vas made
P'_per_e_: Half life : 150 years. Threshold = None (exoer- by IU and it vas concluded that the existing information is
_ic reaction). Decay = _ (82_), _-(18_). Dominant "/-ray = probably sufficient to satisfy fusion energy needs.
944 keV _43Z).
_a_a AuaslabLe Prior _o CIP: None._
Sample Ivra_o_on_ _n C_P: 31_1 (14.8 _eY). 0J|o(n._001o(_._!OTc(_._o0R,
_zper_me_a_ Cro_ 5ec_on_ from C[_: J_E_ (14.8 feW). Proper|_ea: R&lf life =2.13 x lOS years. Threshold : None
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(exoersic reaction). Decay : B- (IS04, both steps). S,lo de-
c&ys to both SSsTc and OOsTcwith known branchins factors.
tOsTc is the lonwlived species. No ?-rays are observed from
e.ssTc decay,_ however O0aTc is relatively short-lived and
decays m 100_ of the time to SSsTc via IT (87.24 of these
produce a 7"ray). v04|4 Ava_£sb[e Prior |o G|P: SoRe cross sections < 4 IeY.
$up_e Irrad_a|ion_ in tIP: SU (29-1100 keY), IlL[ (709-2000
keY).
!zperimenf6l Cross Sections from ClP: SU (29-1100 keY), liT
(700-2000 heY). •
#scle6r IodeL Cross Sectionm from ClP: None.
ha_sations /rom ClP: None.
Sta|u: The available coarse-resolution neutron capture data
are in satisfactory agreement sad they probably define the
cross section adequately for fusion enersy applications.

tssIQ(a._)t,,=nO
Properties: lalf !iCe = 1.2 x lOS years. Threshold = None
(exoergic reaction). Decay = P- (I00_). Domin&nt 7-r&y = 810
key(end).
Oat4 Auait4ble Prior to ell: Considerable cross section data
for both total capture and capture to the shor*:er-lived
_round state (S).T Can estisate long-lived (n) _omponent
_romts(n,2n) = rtot(n,2n) - rs(n,2n), _
Suple Irradiations tn tIP: SO (674 keY).
Izperimenfai GroomSections [rom tIP: S_ (674 keY).
Nsc_enrlodel Cro_8 Sectio_ /tom tIP: LANL/LLNL.
haluation8 /rom tIP: None.
Statss: Cross section, though rather uncertain, say be kaon
well enough for fusion energy, applications from the work of
the CEP'and existing results in the literature.

tttIr(n_)tt_mIr
Proper|ie_: |&lf life = 241 years. Threshold = gone (exoer-
gic reaction). Decay = IT (100Z). Dominant T-ray = 317 key
(u 834, from decay of as*sir). There is a short-lived isomer
(sl) as veil as a medium-lived ground state (g) of tS_Irtg-
volved in this reaction. The contribution oi'- (ml.g) can be
obtained by performing activity measurements relatively soon

• after the irradiation, ictivity measurements made long after
the irradiation yield only the ,9 component.
Oath Leailab_e Prior to tIP: Several data sets for both
total capture and for g+ml. Could possibly estimate
long-lived (s2) component from _=_(n,7) = _,o,(n,7) .-
_s.s_(_,7). No effort within the CIP program has been sade
to explore this option.
Sample lrradi_|_on_ is _IP: None.
_:periaenta_ Cross Sections from tIP: None.
Nnc_ear Iode_ Cro_s Sections fro_ tIP: Nose.
_a£sations from tIP: None.
Stains: in estimate of the possible impact of this reaction
on fusion energy applications has been mule by Ill.
Situation is unacceptable.

DISCLAIMER

This re_rt was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States, Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Governmentor any agency thereof.
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