Memo 4C-3/92

e

‘To:  Distribution ' 17 October 1973

From:.  H.D. Lemmel £/ L

Subject: Provisional Manual-Pages

Please, find attached some - provisional Manual—pageé

(compare Mémo'40—3/90, page 2, item 4) on Fission-¥ields and Fission
Neutron Spectra Data. These were taken .from INDC(¥DS)~51, pages 40-49
and were approved during the 8th 4C—Meeting,'OctOber,1972, but never

distributed as Manual pages.

, The existing LX4 page "Spectrum Avérage“‘had to be updated
gimul taneously.

Thevabéence of this Manual update caused mistakes in our
compilation work. o o

Disgtribution: ' Clearance: J.J. Schmidt j

U

'S. Pearlstein, NNCSC (5)
P, Frdhner, NDCC (5)
V. Manokhin, CJD (5)
NDS: - P.M. Attree
-~ A, Calamand
C.L. Dunford
J. Lemley
H.D. Lemmel
I/JQJO Schmidt
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This suhject concerns ~thé.fqllowing da.i;al-’cypes' which sh.oulcvl‘ be 'co‘;'npiled
in EXFOR. L "

1.) energy-specira of fission neutrons, pomt-—da.ta.

2.) fitting-parameters of fissxon-neutxfon.spec.tra

3.) fission-neutron spectrum averaged. ¢ross~sections

Literature, €.8+3 James Terrells Fission Nen’;;r.on Speétrg and Nuclear
Temper?.tureL Phys. Rev. 113, p.527, Jan. 1959.

o Prompt Fissiori Feutron Spectra. 71 VIENNA : L

‘A _note on incident neutronss Fission-neutron spectra ére ﬁependent on the
energy of the incident neutrons. Data are giiven for ”thermal".a.nd "fast" fission. .
"I‘herma.l" flssmn spectrum data refer to boths 0.0253 eV neu’.crons:an'dv thermal

?.Maxwelha,n neutrons 7Ané results aré indistinguishable. It is therefore not
 recommended to use the MX{ modifier when incident neutrons are thermal Maxwellian.
Also for fission spectrum data, induced by fast neutrons (monoenergetic or

speotrmn average) it is recommended to enter a numerical value for the

incldent neutron-energy and not to use the modifier Fxs, The modifiers MXW, FI$

or SPA are not relevant in this case, and the quantity codes are complex enough
without. The incident neutron ‘spectrum needs only to be: descri'bed, in free text

under INC-SPECT. ' N

',,l ) For pom’u-—data of fission-neutron energ;y~spectra
'l;he followmg quantity-codes ex:.st already in dlctlonary 14 or can be °

formed in analogyt

NU,DE energy-spectrum of fission-neutrons, total
NU, DB, PR : energy-spectrum of prompt fission-neuwtrons X
SF/NU IE . energy-spectrum of spontaneous fission-neutrons, total

SF/NU + DB PR ‘ energy-spectrum of spontaneous prompt flssn,on—neutrons .
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FIs-sPEC 2)
In the literature, theéé‘data,are usually called Y(E). Data are mostly given N ‘%
in arbitrary wnits, which require the REL modifier in the quantity-code. In the - :

normalized form j X (E) dE = 1 data have the units of a reciproca'léhérgy.

The data are functions of the outgoing-neutron energy E,'with the incident

neutron-energy EN to be entered under COMMON.

2.) Fission-neutron spectrum data are fiiied either to a Maxwellian or to a:
Watt—spectrum or to one of several other definod specira.

The NMaxwellian spectrum has the shape

N(E) ~ -JE exp(-E/T)
" where E is the energy of the fission-neutron and T is the spectrdm* :
temperature given in MeV, Often given. are also the averaze kinetic .k
energy E and the most probable energy Ep which are defined as d

" F = 31/2
E = 1/2 = Bf3 -
The Wattspectrum is based on the assumption that fragments emit_neutrons'

with a'Maxwellian spectrum in the center-—of-mass system. The shape of {
the Watt spectrum is. _ ‘ , _ ‘ :
. ¥ (E) ~ oxp (-E/T) sinn (§ {EEg) ' CoE
where T is the spectrum-temperature given in MeV but deviating from , '
‘the temperature defined in the Muxwellian fit; Ep ie a theoretical T

. Mfpagment kinetic energy per nucleon". The average kinetic energy & - - ;
. is defined here as

"i«:‘unf+3m/2. 4
= : . ) o approximate¥¥ ) .
The numerical value of E should bepthe same isregarding to which
spectrum shape the data were fitted. ‘

-

e L L A D T D e
N

. . i

' Since Athe average kinetic energy ¥ is the only quantity which is .
comparable in all fits, EXFOR entries should be made for the quantity ?

¥, which should be coded | ) .

E = NU,AXE. : :

Details of the £it and of the spectrum shape assumed should be given under

AWNALYSIS; also any further numerical parameters obtained in the fit spc?
" as T, B or B, shall be entered here in free text. By this procedure it is

avoided” that ihe Fatt-spectrum parameiers are enteréd in three different

_subentries, one each for the quantities E, T and B.. Yhen in the case of

a Maxwellian fit the author gives only T, the. compiler is asked:to calculate

E from E = 3T/2. : :

In rost cases only the prompt neutrons are
is then :

considered; -the quantity-code

NU, AKE, PR
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Data are functions of‘ incident neutron energy EN except in the case 'df
a ‘spontaneous fission, where the qua.ntity—code is
3 - SF/NU, AKE, PR

Again, no modifier shall be given to indicate an 1n01dent neutron spectrum.

PR L BN

3. ) Figsion neutron spectrum avergged cross-sections are entered with
the modifier FIS. (Note 'l;hat thls modifier was introduced only at the end
of 1972; data compiled earlier were coded with the more general

modifier SPA.)
This is. to ’be combined mth an entry under
EN-?DUI{MY . The numerical value under EN-DUMMY should be the tempera.’r.ure

T = 2/3 ¥ of the given spectrum, or 1.5 HeV if T is not known.
It must be evident in the EXFOR~eniry :

. ' ' : ' * yhether data were measured directly and in what kind of
‘ spectrum (free text under METHOD and INC-SPECT)

* or whether data were calculated by integrating a measured’
eross—section curve over an assumed fission-neutron spectrum
(free text undexr: ARALYSIS). .

In the first case it should be specified in free text from which nucllde
and incident neutron-energy the fission-neutrcn spectrum is resulting.

o B BRI

In the latter case it should be noted that it is ‘essential to gz.ve the
assumed spectrum type and its para.meters, as well as how the fit was
nade (e.g. in a H(E)-versus-E scale or in a N(“‘)/-/’f—versus—u scale.

) F:Lss:wn specirum average cross—-sections are defined as

= fc(r) u(z) {E° am
[ 5(z) {F" az.

LT

. The knowledge of the shape of the fission-spectrum is developing, and
Maxwellian and Wati spectrum are now considered only as rough approximations.
Preseﬁt]y preferred is-a "double Watt spectrum“, and. the Cf-252 -~pectrum which
is m?ria accurately knrown suggests that none of the presently used fits is
sufficient. Therefore;, it is most important to compile pcini-data of the
energy—-distribution of fission-neutrons. However, mean—cnergy values are also

‘ dosirable to compile because they are rather independent of the spectrum .
: g shaps assumed and frequently needed for measurerent analysis (detector

. recponse, etca). ( Lewmel)

: ? Concluding Remarks
:
g
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PFission-Yields

momonErREEEEEs |

Review—-article see e.g. A.C. Pappas, Jo. Alstéd, 69VIENNA;,669,69074

Fission-process: The capture of the jncident neutron creates a highly excited
compound-nucleus showing large deformation which leads. to scission or to other
- competing reactions like neutron-evaporation or gamma—emission. At the scission-
stage the nucleus generally devides into two deformed and excited fission frag-
ments. In a small fraction of the scissions the nucleus devides into three frag—
ments, where the size of the third fragment varies between a scission-neutron
and a fragment similar in size to the other two. (See Terngnx_Fission). These .

B33 =2 ot ey SEIRREIIRES iR

fragments are called primary, initial, or pre—neutron emission fragments.

The primary fragments repel each other, dbtainl heir full kinetic energy ~11 -
{e.g. 90 MeV), emit prompt neutrons (<4 x 10™+% sec) and gamma-rays (<10 sec),
are slowed down in the surrounding medium and stopped. These fragments are called
secondary, final, post-neutron emission fragments, or primary fission~productisg.
(The emitted gamma~rays may cause conversion betas and X-1ayse)

The primary products undergo(after ';I.O.-2 sec and more) a series of beta—decays .

forming secondary products and end up in stable muclei. For certain products
the emission of delayed neutrons is competing with the beta~decay processe

In most of these stages mass-yields and charge-dispersions are measured
as well as energy-distributionse. The terms “"fragments" and "products"

are not clearly distinguished. Most frequently “fission-fragments” are meant as
primary fragments and nfission-products” are the end-products. However, the
border-line between fragments and preducts is varying, and often the word
“fragments" is used as overall term including all stages of decay. Often fission-
fragments are specified by their mass only including all Z-numbers. .so that the
" fragment-yield remains constant during beta-decay. Pission products are usually
svecified by Z and A, A specified fission-product is obtained in two ways: edlther
jmmediately frem fission (primery yield) or from the decay of another fission pro—
duct. Thus, the total amcunt of a epecified fission-product varies in tire. Vexy.
short-living fission-products may nevertheless be most important. because some
have extremely high capture cross—sections (10"»), Pinally, all decay to stable
end~products, partially via metastable states. For odd A-numbers thers exists .
only one stable end-product, that is significantly formed in fission, for

even A-numbers one or two. ..
Units: .
A mass-yield: or fission-product yield, when measured absclutely, is given inv_ K

per—cent per fission (code: PC/FIS). See Example 14. Fissions and fragments

must then be counted independentlye. If only relative yields are given, the S
modifier REL should be used with the Isoquant and the DATA-Unit code is H
ARB-UNITS, Since in ternary fission more than two fragments are formed per :
“fission, the yields for all fragments sum up to a bit more'than~200%,~ﬂow§ver,
" emission of light particles in ternary figsion does not change the sum of

yields in the binary fission mass range usually measured, and other mass splits

in ternary fission are negligible. Therefore relative yield measurements

(ARB-UNIT3) may be normalized to 200%, if the measurement was made for a suf-

ficient large number of fragmentss if this is done, the data-table may include

some values that bave not been measured but obtained by interpolations such

values must be labelled by flags. Different ways to obtain absolute yields will

be discussed in a forthcoming LEXW¥OR entry about fission yield measurement methods.

Primaxy fission—fragment~yie1d. This is the primamy'yieldfper figsion of fission— R
fragment mass A before prompt'neutrqn-emission. It may also be called pre-~.
neutron-emission fragment-mass distribution. Quantity-codes NF,YLD,PRE. See

Example 14.a. In all experimental techniques corrections for gsome prompb

e pmpm et

EEGET5ns"aTready emitted cannot be avoided.
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Secondary fission-fracment yiéld., This is the secondary yield per fission of

fission-fragment mass A after prompt-neutron emission, but before beta-—decay
and delayed neutron-emission. It may also be called post-neutron-emission
fragmnent-mass distribution. Quantlty-code‘ NF,YLD,SEC. See Examvle 14.a.

Independent. fission—product yield. This is the direct or- 1ndependent yield per

against the relevant decay~times. Corrections are required which should be

-

fission of a orimary fiasion~vroduct epecified by 2 and A, after prompt neutren
-emission, but befors batn~decay nnd delayed-ncutron enincion, ineluding only

the direct yield znd not the yield obtaired frem decav of other f1381on~productﬂ
fee Wyamnle 14.h. Quantity-code: N®.YID,IND. -

Sum-rules }:‘ NF,YLD,IND = NF,YLD,SEC
all %
A=const

Note: Experimental data of independent,&ields of the p‘o&uct Z.A include a
portion yielding from the delayed neutron—emission of the product Ze.A + 1 or
from the beta-decay of the product Z-l.A, if separation times are not short

mentioned under “CORRECTION"., Fragment-macs yields-are not affected by beta-
decay but only by delayed neuiron-emission.

Cumulative fission—product yield. This is the cumulative yield per fission of.a’
fission-product specified by 2 and A, afier prompt neutron-emission,

including the independent yield plus the yield from decay of other fission-
products. See gxamgle 14.b. Quantity—-codes ' NF,Y1D, CUM.

—tf .33
Sum-rule:

NF,YLﬁ-CUM for the B—decaylngkproduct Z-1.A
+ NF,YLD,IND for product Z.A

= NF,YLD,CUM for product Z.A, if the products Z-l.A and Z.A + 1 are notdelayed

_ neutron-emitters.
The following events may add to the cumulatlve yleld of {the fission—product Z.A
in its ground-state: "

independent yield from fission

‘beta~decay from product Z-l.A in ground-state

beta~decay from product Z-l.A in a metastable state
delayed neutron-emission from product Z.A + 1
internal'transition'from a metastable state of product Z.A

In addition, %he product Z.A may be formed from neutron capture in the product
Z.A-1, which is not 1ncluded in the "cumulatlve yield".

The cumulative yield is often given foxr a metastable state.of a fission-product
Z.A; this is entered in ZXFOR by means of flags, see Example 16.

Total chain—yield. The total chain-yield per fission of fission-fragment mass A -4
is the sum of the cumulative yields of all stable fission-products having the ’
same mass A. See Examgle 14:a. In the case that only one stable fission-product
per mass A exists, the total chain-yield for mass A is identical w1th the
cumulative yield of the stable end—product Z.A,

Fractlonal yields. !

The fractional independent fission-product yield is defined relative  to the
cumulative fission-product yield or relative to the total -chain-yield.,

i
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The fractional cumulative fission-preduct yiél&.is definedyrelaﬁiVe io:the"'
total chain-yield. ! — ST

In all cases the data are entered as ratios of iso-quants. See‘gxgmgle 14.c.

((92-U-235,NF,Y1:D,IND)/(92—U—235,NF,Yw,CUM)) o
((92-U-235,NF,YLD,IND)/(92-U~215,NF, YLD, CEN))
((92-U-235 ,NF, YLD, CU) /(92-U-235 ,NF, YLD, CHN) )

The distribution of charge.Z within a given fragment mass~chain A is called
.charge-disversion. See Example 1l5.2. Tt can empirically be approximated by a
-~ .. Gaussian distribution with a most vprobable charee Zp. Ses Example 15.b. The
AR fractional independent yield of a fission product {atter vrompt neutron emission)
L is given by : s '

P2y (T )% exp [- (z-20)2/c 7 5

whereas the fractional cumulative yield is given by

i
A L . { —(n-2p)" "
'%-(Pn)"sm? ) &P { 'SWL}A“

The parameters ¢ and € are widths of the distributions, related by c=2 G?z + Vi)
For charge d@spersion,fractiénal yields are defined only as ratios to total
chain yield, '

o

b £.C. Webl et al. Phys. Rev. 126, 1112 (5/62)

Note: The Gaussian width parameter has been assumed to be approximately constant
~  for all A chains,as given by ¥ahl et al. Therefore Zp has sometimes been

determined from a single fractional yield~measurement. However, there is evidence

for a variation of ¢ and & with mass A and they may be determined together with Zp.

Therefore in a comment the Caussian width parameter used should be explained

(value or reference). ‘

, ‘ The following definition of charge distribution (primary charge function) is now
generally accepted: distribution of primary charge as a function of primary mass. )
This cuantity is deduced yeither from other aquantities (charge dispersion, mass ;

- distribution), or from instrumental measurements of fragment mass (kinetic éenergy), )

i and X-rays, both methods involving uncertain corrections for prompt neutron .

emission. As this quantity is mainly of interest for studies of the fission
prpcess, but not .in applied fields, mo codes are proposed.

Reference: : e T S

(L—a‘mmcr)

o',’

Note: Angular distributions and energy-spectra of fission fragments are coded
' as NF,DA,,FF and NF,DE,,FF and gimilar codes given in dictionary 14.

.
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Spectrun_Average

| Cross-sections averaged over an incident neutron-spectrum are coded with the
uiquantity—modlflers MXW, FIS or.SPA in the third quantity-subfield. The type of
the spectrum must be specified under the keyword WINC-SPECT".

;'The code MXW is used for Maxwellian thermal spectra..The temperatu?e of the
spectrum must be given in free text under ‘the keyword YINC~SPECT!.

The code FIS is used for fission-neutron spectra. For details see the Lexfor~
| entry on Fission-Neutron Spectra Data, section 3. )

=== ======== == ==—n~=-—n—-=—--—.g—. ) - Y

' The code SPA is used for all other spectra, reactor plle spectra, etc. 

‘MA cross-section given for a thermal spectrum must be coded with
% SPA if the spectrum hds a non-negligible epithermal part

* MXW-if the result has been corrected for the eplthermal part of the spectrum,
or if the epithermal part is negligible.

In the Westcott formalism (see AECI~1101) a cross—seotlon averaged over a
thermal reactor spectrum is described as:

& = 6 (g + rs) coded as, Ceey ABS,,SPA |
where 6'==cross»sectlon at B = 0,0253 eV (2200 m/s), coded asy ©.8ey ABS

g,s are factors dependlng on the shape of.the &(E) curve convldered

r is a measure of the proportion of epithermal neutrons 1n the
spectrum with r = O for a Maxwellian spectrum

gc; = Maxwellian averaged cross—gsection coded as, €¢Ze, ABS,;MXWo

To facilitate that spectrum averaged data are included in a data retrieval
by energy, an artificial energy-value is entered under the data—headlng keymord
"EN~-DUMHY", The numerical values to be given under this heading are

" 0,0253 oV for Maxwellian and pile thermal spectra
1.5MeV for flSSlon-spectra

(no dummy-energy is entered for spon%aneous fission).
For other spectra, an appmprlate value is to be entered under EN-DUMMY.
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Te
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EXAMPLES OF EXEOR-CODING[

- sample of an EXFOR transmiésion tape

data-headings RATIO, STAND, DATA

Wpn gg parameter for reduced neutron-width

“normalization

data-units, relative data, degrees and minufes
authors, status, history '
error-columns

flags

differential partial inelastic data
double-differential inelastic data
relative:differential data

unresolved levels

two-dimensional tables, TABLE-NR

fission-yields

‘fi ssion-product charge: charge dispersion

relative cumulative ylelds of metastable flSSlon-products

Ex
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v a) Primary fission-fragment yields
B ISO-GUANT  (92-U-235,NF,YLD,PRE)
COMMON
2' 3
P 0.0253
- ENDCOMMON
DATA .
MASS DATA
NO-DIM PC/FIS

PR —————
TSR el AN e

RTINS
-
A

c)

ERTE o TR AP A A

Y Dads Te A

R it o

- 0.0253 ..
. ENDCOMION

»"'

The secondary. fission-fragment yield is entered as abovej only the quantity-
modifier PRE is replaced by SEC. The total chain-yield has the modifier CHN
instead. : i S o
Independent fission-product yield: : S,

ISO-GUANT  (92-U-235,NF,YLD,IND) Shogoe Dielrert o Toanryeon

see . . - : R N N SO R e oA -

COMMON

EN . .

EV . . s kS ".b..."-? et

DATA
ELEMENT . MASS ‘DATA
NO-DIM = NO-DIM  PC/FIS

xR LN eco

The cumulative fission-product yield is entered as abovesj only the quantity-

modifier IND is replaced by CUM.

Fractional yields: ’ . .

ISO-GUANT  ((92-U-235,NF,Y1D,IND) /(92-U-235 ,NF, YLD, CHN) )
[ X N J

COMMON

EN

EV

0.0253

- ENDCOMMON
-DATA

ELEMENT  MASS RATIO
NO-DIM NO-DIM  NO-DIM N

*ee L X X 4 [ X X ]
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‘a) Fractional yields . '
ISO-QUANT  ((92-U-235,NF,YLD,IND)/(92-U~235,NF,Y1D, CHN))

Example 153 Fission-product charge: charge dispersion

[ X 3 J

COMMON

MASS EN
NO-DIM EV
135, 0.0253
ENDCOMMON

DATA

ELEMENT RATIO
N8-DIM NO-DIM

53. coe
54- ssse
550._ . ose

Fractional cumulative yields are entered as above, with IND replaced by CUM.
For charge dispersion the second isoquant of the ratio must always have the

modifier CHN,

b) Most probable charge

ISO-QUANT  (92-U-235,NF,ZP)

[ X X4

COMMON

EN )

EV

0.0253
ENDCOMMON

DATA

MASS DATA
NO-DIM NO-DIM

P

ot BT

[ T EE R

RIS

CPn ol LTI
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Example 16- Relative Cumulative yields. of metastable. flssion—-products

mmssiiz mEme

v B ERR T L

ony

SPPSRY

BIB

L B4

. - F\ﬁ TS o e

ISO-QUANT  (92-U-235,NF,YLD,CUM/REL)

FLAG (0.) FISSION-PRODUCT IN GROUND-STATE ,

(1.) FISSION-PRODUCT IN FIRST METASTABLE STATE
cos NOT FLAGGED = FIS.PROD. WITHOUT METASTABLE STATE
ENDBIB
COMMON -

EN .
BV
0.0253
ENDCOMMON
DATA ‘
 ELEMENT  MASS FLAG HL DATA
NO-DIM NO-DIM NO-DIM . D ARB-UNITS
50. 118. cee -
50‘ 119‘ o' ose
50‘ 119' 1 o0o0 sae
500 N 1200 asse
50, 121, KR coe Ceee
500 121. 1. oes e
50. 122, ' ces
50' 123‘ OO ees o‘oo
500 123. 10 ..Qo LA XN
51. .- 123, : ces
A
eoe s [ NN [ XK J e o0
ENDDATA
~
Y
. {
;






