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NEW EVALUATIONS OF NEUTRON CROSS SECTIONS FOR ‘AN AND 160

G. M. H.aJe, P. G. Young, M. Ch~wick

~ticd Diviskm, be AJama NuknmJhbtnrory
Lx A1xrnw, New Mexico 87545USA

and
Z.-P. Chcn

Qinghua Univcrsiry, Beijing, PRC

~ New eva.hdcma OfdM IWW041 CKMS WdmI f~ 14N and 1~ have kn mh
for ENDF/B-VI. The cvaJuuIons am bsscd u low energies on R-matrix ana.lys.csof nu-
[ions in dw l~N and 170 systams, ad at higher cner@es cm UNASH calculations and ex-
perimental dma evahdcms, ir@uUng covariwc antlyscs. The l~N system R-msrnx
ardysis inclti &m fmn reaclkmJ smar the chards n+14N,

l% a

1~, ~ =+IIB Uen.

ergies ccmrcspg m cxcitiona In l~N low EX=13 MeV.
aJl cross wzmfss in this ermgy ran

rcsOrmrla Smturc of

L
is ftirfy WU qmduccd New damindlcxmmdffer-

ent J-vaJIM hx she flm ruo.mrum. wr. Subdtmddcl S-wwe Ievela rquircd m ex-

I’
lain the I e n+ltN totaf mnd elxsdc crmm sections near ~ energy ive scuterin

3 iengtk rhm ffcr @ilhrstly from b previous vaJws, Tk R-mti an ysis of the IT8
system irdudcs many Mw mc.uwmnenm of rhe n+l%) total crew secrion, dorm primuil
at CM Ridge and u Karlsruhe. Tk resormwc JSmrurc of d ho cross WSicms [m ,
(n,n), (n,a), &d (a,a)] is well repescntd by the !II in dtc m below & = 6.5 MeV.
The new rotAI cross sectitm infmrnadtxt gives dlffcrm poai E s for some of W reset
nanccs snd im 1* t different rwsna,lhdon h ue (n)a) cmrs ~tions Lhan rhu obtained

Ill’in he ENDF -IV MsJyds. Tlw evshations m
Y’

w above rJM ranges of the R-matrix
ansJ ses incorpomta rcsulu from t nurrrtxr of oxp mcnts perfcrrncd since she previous
EN~F/B CVdUUiO#lJ. E

r
i9JJy irnpormnt are rmw mcuwemonu of the mtal CTOSS9cc-

tions and diffemndd elu , imk.sdc, and gunmwmy pswdwkm crou sccricms.

( 14N, I@, ncumxr-indwxl m.mkma, R-marnx QIMJysk dasa evahdcm)

Bcause of rmewod interest in the inns- of neu-
u’ons in air, encoum d by a NadotuJ Acahny of Sckrwcs

rsrudyof rulistion e fecla In the eurfy dmve.grcxml m,dear
explmions, -e hmve rc.cvaluxud Um neuucm CTOUsadom
fti 14N ~ I@ (or ENDF~.VI, ~ ~v~~~s ~ ~

u low energies on R-maoix ans.lysea of rcactis in rho ISN
d 170 syurmx and a[ higher ormrgios on CINASH csJcu-
kdom snd vsrisncc-covmarwc fim m rhe experimmd &k
We will fikst discuss dw R.murix Mdyscs thn[ H IJA to
provide the Iow.energy cross sectlom, and then btifly
summariu tie cxpwncnsd ch ovduuicms that w UA
u the higher energies.

The l~N syslom R.mwix
VJ

da Inclwks dAtJ *
rrscdont among Ik channel] n+l

f

•14C,~a+llBl[

F
crier s ccxmponding to excludon; n l~N blow E, = 13
Me , The chsnnel conflgumdon for IIM UIa.lytk snd a
wmm~ of [he riau includd fcw oxh r8Kdm m @van In
Table 1, The n+14N 10111 cross socllon fitted was a
smadmd canposlm III of ex@nanrnJ rneuurernenm macb

~~p n)~~N regular dlmi.
In Iha em 1950.1970, and M I c an IU dkibudoiu
Wcm L of Fowlor Cl d [21,
burions IJI provided Im

r
ant Infmrnkkm abt Lhe vs,lws

of IJW domlrmnt n.14 chinnol sphu kw rho resonutces,
dnce rhc tibleldcsubkt and qusrietdoubbt uanddcms gfve
dwpos Ihat hsve oplmsim sign,

The resonance smscusre of all rfw ds~ In rhk e .
Tgion It fdrly well reproduced by the In-l s19, whlc w~I

mrted wilh resonsnco wrametm from I
\

L tabulidon of
Ajzmbcrg.Solove 141, ome changes In k level mlgn.
ment~ were

7
ul~lnl~~ Ex_ 11.9. l&.JMeV,~

rm tiitlcwml f2+ level wu ound u ES ■ 11,96 MeV In
tir m Im rovo Ihe flt to Ihe Ird cross =dcm, u k shown
III Fig, 1. !-he flmI msonanco visible In he IOMJcrcms MC.
uon aI En = 0.43 MCV WtI MIUMWJ to h~vo J~_3/2.. High.
rcwdudon memmmen[s of juIt complemd by Huwy

Tand Larson [st Indlcam Ihal t II consktent with J=7Q,

however. ThesO rmw darA, akmg with elastic wa[r.cnng a.n-
gukr dlstdbuticms Ihm WIII ba measured at ORELA Ihls
s mmer, urdoubtdy will permit furrhor roflnemen[ of [he
Y1 N ~~MCO ~etors. S(MIO m~u.h of the ISN R-ma-

Mx MUlysll, Md Lhe
I!&

td n+14N CMSS s.cction~ al ]Ow
Cn’ergh m dlmfm Iy to chan~ in h near fururc.

Tk regiul blow tha tkst re~ imSJsomlercs[lng
~USO d k mIAd h of the oltsdc xnd W aoss sccllons
with decmmslng energy, This bohAvim COUIi orIly lM ex -

f’
Islnd (and not androly sadsf~tmily) by the presence of

cvols klow the I, E14N threshold In both the J=l/2 and
J=3~ S-wsves, llo rosuldng fh gives nouly equal S-wave
scmmring Iangshs, so tht rho low4nergy sctttenng cross
MC&m k only sJi hdy hr~r thus M cokcnt crou soctrcm,

AThe J=l/2 scum ng Iengti Is quite different from [he one
ohlnd by Mugh-b@ab ff al [61, having &n u one pmm
in b adysis lar~ than tk J=Y2 scmtdng kngth.

Tabb 1, ChMMl c~flgumtlcrn and&u summ~ for I SN
sysmm ms.lyIII,

trln AM.lxlk~7.!Mw!IJ

The k.mmmlx mmJyda of rho 170 syslem Is an exwn.
sive updma of ItM one umd 10

r
viola crosm scclionl at en.

erfleo up 10 6 MeV for the I? DF/B.l V evalualkrn, ‘Ilc
chsnnel conflgumd.cm fm Ihe asmlysh ml I summary Of thr
dam Included for c~h mhcIkwI am given In Tablo 2. Munv
now memurernenls of Ihe n+)k) Iom.1crosm tecti(~”, d(mc
primully at Ofi Ridge [71 and II Karlstuhe Im, were In
cluckd, II well u now memrornents 1~1 of [ho dlffcrcntl~l



elastic cross section and polarization at neutron energks
berw~n 2 and ~ MeV, The resonancestructureof all the
cross~tions iswell representedby the 45 R-marnx levels
inclucbd in the fitatenergiesIX1OW& = 6.5 MeV, asis il-
Iustraredin Fig. 2. lhe level structure found agreesfor ths
mostpart with k recommendeddat& [10Jbut wirh different
p~ty assignments for some of dle .%sona.ncesand minor
diffetcnces in positionsand widths for the others.The new
total cross section information gives a different position,
especially, fcr rhe fmt resonanceaCEn = 435 ke”, and im-
plies a different normalization for the (n,a) crosssections
thut rhntobtainedin theENDF/B-N analysis,
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Hg, I Neutron el~sdc scmering cross tectkm for 14N at
crier@ up to (Ml MoV (tup) am! ~t energies htween
().8 IIMI 2,3 MeV (bottom), The solld curve is tthe
R-mimlx fit, andthepointsam :xpcrlment.ddata.1]]

Table 2. Channel configurationand dma summary for [70
system analysis.
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Above the thresholds for inelastic scattering, the 14N
G 2?2.30 MeV) and 160CA26.25 MeV) rvahmtionsam
basedon analysesof the available experimental U sup-
plement in mgiotts where data us unavailable by Hauaer-
Feshbach statistical theory calculations. For both isor a
implant new differential elastic and inelastic scauuing %%
as well as gamma-my produc~ion measurement were in-
cluded in the evaluations. Hauscr-Rshtwh stadsacal d’teq
(GNASH) calculations were used to interpolate ad exmfxb
1* CM data at higher emrgka,

In tie case of n+14N, major ox rirnentscompkted
since 1973 include measurements by L “ne efd, [Il]of
neumcm elastic and inelastic scattering angular disuibudons
10 the lowestSexcited states of 14N fm incickntrwumn en-
ergies btwn 7.7 and 13.S MeV, plus several crtlrs meas-
umncnu spanningtheesmrgyrangefrom 4.3 to 25 hkV.[12]
New information on neulrott inelastic scatterin u to & =

!??20 MeV is provided by he moasurcmenta o elson #r
al. [13] and Auchampaugh and Wender, [14] as well as
exrensive dmbk-diffcscntid IEuuon emission meaatnumno
for En ● 14 MeV. [121 A comprehensive new meaauremcnt
of 14N(n,p) and 14N(ma) mss sectionstodiscretestatesby
Mqmstctal. [ISI up to%= 14MeV is useful fortlwox~
imenul damevaluadonasweUu theR-matrix studk

ThecmlymQor rewtoulcrcms amkrnmeuurememL [16]
covcrin~ the energy range En = 0.97 to 5.3 MeV, is in
substmual disagreement(-14%) with olbr,

r
ision mea-

surementusd was not included In the END /B-Vi evahta-
tion, Ccntsequently,only minm chmt s were mask in the

$evaluatedtord crosssectionabve 2, MoV. However, the
newORELA measurementof rhe 14NtouI moss=don [S1
wiU be iswmporatcdinto dw ~nt anaJysisasan updamto
theENDWBVI evaluaticm.

The n+]4N elastic-tturhtg CTOSS=ticnt betwwn 2 emi
20 MeVis illusumtiin Pi , 3, whereacem at&n is ‘ven
b-n the exponmcntalL baaeandrhehDF/B&J
ENDF/B.V1 cvahmions. Noe that thecross=tton hasits.
crasedby som9%ncar En=14MeV.

Sevetal new rwutrontotalcress=tion messuraments
for ~60 1121 have become available since the previous
ENDF/B evaluation. Moat im~t for ha presentcxpti-
mental (and R.matrix) evaluations is he memrement of
Cierj@ks8t al [81 To obtainavetmgetotalcross=dans, we
pcrfcxmeda vatiame-covatimce analysis d d he availabb
dam and thenrelied on dtehigher resolutionmeuurements
(e.g., Ref. 9) to define Itxal suucturw Imprtattt new dif-
ferential elasticad inelasticscatteringmeasurementshave
also bcotne avail~ble, [12] especially the ~kkm dam of
B&ker #r al, 1171 inally, wveml n + @ gamma-myptv
ducdon measurementshave been completedsince the last
ENDF/B evaluadon,andem very tmmt orm[131ca’ttributd
liEnifkantly mthe~aent wu’ki

The new ENDF/B.VI evah,tadons of neuaon-htducad
reactions on 14N and lb at energies ktween I&l I and 20
MoV am overall im rovemenu on thepmvlws evahtadons,

1’We blkve the rcsu Is for l%) 10 be significantly Im* Over
the whole energy range, where the new tcul cross-section
infonrtadon has giverr flswter pmldons and shaps for th
resonances and Improved codstency whh the reaction data,
The shift In sition of the tit oxy~en resonance and m.

I’Ovised ntxma,l r41km scale of the (ma) temlon crosssection
may have impcsum beatingin nuckat dataap Ucadau,

L~ results for he Iow.energy (S 2,5 eV) nlmogen
cross=dofts am reladvely mom uttana.ht In the llghl of dm
new Icml crm.~tinn measummem [s1 at Oak Ridge, We
know tlready that the J.value of the fkst msonsncedlff

!“from that usedIn theevaluation, Rellnernms of the n+l N
mosssectionsM on themdamandnew measummenmof
the differential elastic scattering cross mctlon will !m hccu.
PrXstd in an updated evaluadan lrt dm near funum
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3. KC ;c~~~t;ring cross section for 14N
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