


e S 1 INTRODUCTION
C A' large amount of nuclear reactlon data is requlred for dlﬁ'erent o
.important appllcatlons e. £ for recent plans of transmutatlon of long- e
l1ved radloactlve wastes w1th a spallatlon source, medlcal and blomedl- o ’{ :
“cal needs, and research of ¢ cosrmc—ray effects on spacesh1ps and astrona— -
iuts[l] [3]. Experlments to measure these data are costly and : a limited
‘number of facilities are: avallable to make these measurements There-‘
fore,’ relrable models are requlred to provide necessary data[4] 6] In ’.
‘some cases, it is more convement to have fast- computlng semlemplrlcal
f_,‘systematrcs for varlous characterlstlcs ‘of- nuclear reactions mstead of
" their time- consumlng calculatron us1ng nuclear model codes:: ‘Due to a
“-xlong-standlng work. of many- mvest1gators a host of emp1r1cal formulae »L »
is now available-for- estimation of inelastic [6]- [18], elastic [6, 7, 17],
nd total [6 7,14, 17] cross sectlons, for double dlﬁ'erentlal cross'sec-,
“tions [6, 7], [19] [23], energy 23] and angular [20] d1str1but1ons and -
mult1pl1c1t1es of emitted: partlcles (16, 20]; for spallatlon cross sections
“and excitation’ funct1ons [6]-[12], [26] [39];° etc.. The- systemat1cs 8- -
(10, [13 14] [19]- [21], and [27, 28] have’ recently been reviewed by
vaonmg 6] and we - will not repeat th1s here ‘Most-of the old systemat-
ics available by 1970 were analyzed in the monograph [7]; the maJonty -
“of systemat1cs, proposed by 1985, for 1 mass y1elds charge d1sper51ons
" energy.and angular dlstrlbutlons of fragments produced in pA and AA .
jcolllslons ‘at relat1v1stlc energles are presented in: the-review" [39] by
tTHufner, ‘many useful systematlcs of melast1c, elast1c and total cross
* “sections may be" found in the recent book by Barashenkov [17] Below
\"‘T','we dlSCUSS only the most Tecent and some leSs known systematlcs that s
were not rev1eWed in [6 7, 39] but are. by no means worse, from our.
fvp01nt of v1ew S - ‘ =

II‘ INELASTIC ELASTIC AND TOTAL CROSS SECTIONS

. Not only for dxfferent appllcatlons but also for many theoretlcal ‘
f1nvest1gat10ns, it.is necessary to: estlmate cross sectlons for reactlons e
: 1nduced by varlous pro Jectlles At hlgh m01dent energles T where the

" Coulomb forces are of no 1mportance any’ longer, the melast1c cross sec-" '; -
ftlon a,,,(T A) of a hadron-nucleus mteractmn is s1mply proportlonal to ‘




o - w1th an accuracy ‘of. only few per cent [17).-

o j:T ~ 600~ 700 MeV. Fig: 1 (taken from. [16]) shows a compar1son of -
R I am, evaluated w1th (2) for several nucle1, wlth the experlmental data

L 'Q;lof total ot (T A) and ela.stlc ael(T A) cross sectlons but the1r a.ccuracy,)

By the geometnc cross sectlon of the target—nucleus a.nd may be approx1- o O R
- mated as [17] P e

om(T A) = 7rR2 = oo(T)A""' , :

s where R a.nd A are the radJus and mass number of the target am o

2 /3 ‘and oO(T) is a smooth function of- only 1nc1dent energy. T ‘This - = / ’ o e

: approx1matlon is_well _]ustlﬁed only for a: “black” -totally absorblng
_ nucleus-with a sharp border. For real nuclel, Qin: and oo(T ) are -more-

- complicated functlons and correlate with the energy dependence of the

- ‘total- hadron—nucleon 1nteractlon cross sectlon oi(hN ) e
For evaluatlon of 0,,,, many authors have proposed a varlety of con-

; crete formulae based: on this relatlon (see e.g:, [6]- [18]): from the. well- : ,' »
: known s1mple but crude- formula 0,,,
L authors (see, e.g., 8, 10]), to some very sophlstlcated systematlcs ‘with -

49, 9A2/3 mb, used by many

‘ vmany energy-dependent parameters prov1d1ng a descr1ptlon of data

A s1mple ‘and’ useful systematlcs to calculate Oin' (1n mb) for pA
“_1nteractlons in- the 1nc1dent energy T region’ from 100 MeV-to 1: GeV o
ONEE. for nucle1 from 120 to 238U ha.s recently been proposed by Fotma et ‘»ﬁ" :

'Xexp{ ——"—(T E”)2

é':\ e

“Er =1730.43 — 0.296 x' AM, wr= 31158 4~ 116 174 X AM ‘Due to the e

term Z ‘which allows for the 7- meson productlon eﬂ'ect this- formula,
iy differs advantageously from other s1mple systematlcs by the: ablhty o
_,'descrlblng ‘the measured bump mp .of o;s in the reglon of 1nc1dent energy

Express1ons ofa power form llke (1) may be- used ‘also for’ evaluatlon

o : 19 301, a2 .'-0461 a3 = 0860 —‘1 033 ' ,
10° 5(AM = 44 8)2, ag = 0. 01 la5 = 890.0; Ay = L141'x D004y

espec1ally for T < 100 MeV and hght nucle1 is s1gn1ficantly worse than S
for am(T A) (see [17]) E

T

[
i

Flg 1 The proton nucleus 1nelast1c cross sectlon for U Pb Cu Al C and Be accordmg

- to the systematlcs (2) tbgether wnth the expenmenta,l data (recenvEd from Dr O V Fotma [16] SR

Along w1th expressmns hke (1) 1t 1s p0551ble to use relatlons of thc ‘: i
followmg type e AT e G
o(T A)

_7r[r0A1/3+b(A)+C(T)+ A ( V/T ) (3{);7‘5’17 ~
. der1ved from\ a serles expansron of the optlcal model formulae uhon ,7
" the whole energy-dependence is’ contzuned in: only one addltne term. S

C(T) [17] An. 1nterest1ng umversal systematlcs hke thls was sugg)estod el

by Barashenkov [17]

cy o(T A)

: = 7T7'0{Al/3 +A1/3+ bAl/3A1/3/(A1/3+ Al/"s) +
, i + d(1 . 2Z/A) |

& Oy -V/T).

: ,s?(u;

Here V is' the Coulomb barrler T 1s the k1net1c energy of the pro _]e(tllc R
“in:the. CM. frame Ap and AT are mass numbers of pro _]ectllc and- targot i
r f respectlvely Thls express1on was. successfully used {17] to descrlbo Tiny i
\ Ol (and 0y,°as 0y = Oin + oel) for nucleon- plon- kaon-, antmucloou-
" and nucleus- nucleus 1nteractlons For example in- the casc of nucloon— o

~j‘nucleus 1nteract10ns we . have to.use Ap\"-_l 7'0 =11 fmi b = 1. 85 o
- er y‘dependcnces of'_:f; T




. where ,ﬁ}', 2

mlTM—m(T@+auA»,f”

G 04(A) = 220(A/12)°5 P .
7 2+36/A E = 160/'7, i 160 < T < 400 MeV
=2+ 36/A) /3 ‘_g160/7, T <160 MeV;
o ",:?{' of (T A) Z 05(A)(0 T43.3(1- - eap(- (AT/1000) )))/4
g 03 (T A) A3/2e:vp( T/60), hta
‘ as(A) ) 220(A/12)°6 +054.

u'}”'lvHere, cross sect1ons are in mb and plon 1nc1dent energy T 1n MeV
In Ref.. [15], one ‘can. also ﬁnd smnlar formulae prowdmg rehable

;adescrrptron of oi for 1nc1dent plons at hlgher energles (up to 300 GeV), -
e 'and for nucleon-1nduced reactlons 1n the energy reglon from ~ 20 MeV S

‘wm—mmwmwmmoomyfgjf

i To ‘our, knowledge the most complete comp1lat1on of experlmental by
2 fdata on elastic, 1nelast1c and total cross sections for nucleon- and pion-~ . |
1nduced react1ons at energ1es h1gher tha.n several MeV is pubhshed@"f
e u:‘m a tabulated form in" the recent- book by Barashenkov [17] Flles;ﬂe. 0
e wrth data for nucleon—mduced reactlons prepared accord1ng to this: :‘
" comprlat1on, are’ avarlable at present from NEA OECD. The book 17 A
N contarns a comp1lat1on (but not so r1ch) of, measured cross SeCtlonS‘”}";: R
‘ ";ﬁ;‘;for reactlons 1nduced by kaons antlnucleons antldeutrons and nuclel,_-;. T
: ."as well as many systemat1cs for these cross sectlons It also contains a‘f._.;'

i huge number of’ ﬁgures with experlmental and evaluated a,,., o, and o7 v e
- for. the majorlty of nucle1 ‘which may be convement for 1nvest1gators for . .

e prompt reveal of cross sections of mterest Moreover Barashenkov R
o ‘and! Polansk1 have prepared the code CROSEC [18] whrch provrdesk o
; ‘am, Oel, and ot for p1on— nucleon—, and nucleus-nucleus’ mteractrons for- i : |
e ,targets w1th the charge number Z.>3 at 1nc1dent energ1es from' 14_‘_ ER
i ‘MeV up to 1 TeV ‘The hadron nucleus cross sect1ons are obtarned by SR
- means of 1nterpolat1on between est1mated exper1mental data complled- i
o in Ref [17], thle the nucleus—nucleus cross sectlons are calculated L

P

: ‘» uum angular d1str1but1on of secondary n,p,d;t; He and 4Hc emltted

3 - the analysis of many sets of exper1mental data These svstematlcs are
 well- known and used in. such preequ1l1br1um model codes as ALICE- :

R
TN

T | ;

i : . R P

us1ng a phenomenolog1cal formula W1th coefﬁc1ents ﬁtted at energles

“above several MeV/: nucleons Fractrons of the CROSEC code ¢ can be .
used as subroutlnes employed by other codes Investlgators lnterested

S in ‘using the code, CROSEC have to contact Prof. V.S. Barashenkov

barashenkov@lcta30 Jinr. dubna su, or. Dr A Polanslu TN
polanskl@cv _]1nr dubna su.. : .

III DOUBLE DIFFERENTIAL CROSS SECTIONS ENERGY

' HAND ANGULAR SPECTRA AND MEAN MULTIPLICITIES OF

EMITTED PARTICLES

Systemat1cs,for double dlfferent1al cross sect1ons d2a/deQ for sec- /,i S

: ondary particles em1tted from drfferent nuclear reactlons ar'e/of 1nterest :

-as 1nput for some preequ1l1br1um nuclear models and Wthll is more -
1mportant as’ generators for transport codes wrdely used in esscntral
appl1cat1ons S o L g Cl ceol :

* The Kalbach; and earher Kalbach Mann systematlcs [19] for contm-

“in; nucleon— deuteron- and alpha—partmle- nduced reactions: at inci-~
dent energles up. to several hundred MeV have been obtamed from

!

e F [40] and GN ASH[41], they have recently been rev1ew0d bv I\onmg [6]

therefore, we will'not. drscuss them here. R
Pearlsteln [20) has analyzed exper1mental data on ncutron cmission ,
from a target bombarded by.318-, 590-, and 800 MCV protons "m(l ‘ob-" '
ta1ned a set of phenomenolog1cal systematlcs with 24 paramotors for
double dlfferentlal cross sections: dza(p, :rn)/deQ angular dlstrll)u—~ ;
~tion da(p, :L'n) /dQ .and angle-energy 1ntegratcd o(p, an) cross scctions. "
These systemat1cs are used in the preequ1l1br1um modcl code: L\LICE— .

F [40] and’ have also been reviewed by Koning [6]. A (omprohcnslw
R comparlson of the’ results of Pearlstem s:calculations with experinien- |

tal data and pred1ctlons of 1 many nuclear«modcls may be found in, tllc

A

recent review.[4]. e i n e e B

- More recent systematlcs for d2a(p, a:n) [c deQ w1th fewor paramctcrs <
has been. suggested by Ish1bash1 et al. [21] for 1nc1dent protons of 2o

g MeV to 800 MeV and nucle1—targets in a w1de range of mass numbcr

P




e I

L LThe authors of Ref [21] used a mov1ng source model with three com- i
‘ponents. correspondlng to the intranuclear- cascade, preequllrbrlum and o
S evaporatlon processes in the 1nc1dent proton energy region. from 600 to.
, - 800 MeV and a new double moving source, that is called “Watt mov1ng
" source” model, at energies below 400 MeV for the cascade component S
“to fit the experrmental data. Ishlbashl et al. [21] found a set of param-. .
eters for each analyzed incident energy and target allowrng to describe ;- :

well double differential (and lntegrated) cross sections of - secondary

v neutrons, These systematics were reviewed by Konlng [6] and further -
.»developed by l"ot1na et al [16] for deSCI‘lptIOIl of secondary protons as ﬂ

: el

Fotlna et al

i from Dr
. lnr npl msu. su

. In addltlon Fotlna et al [16] obtalned smooth dependences of all Fre
' ,parameters on 1nc1dent energy and target mass number whrch pernnts
L ,‘one to use these systematrcs for any nuclei from CtoU and mcrdent en- . G
. ergies from ~ 100 MeV to'1- Gev ‘without addrtlonal ﬁttrng Mor\eover EE T
o Fotlna et al. [16] prepared two fortran codes MSM and MSPN accordrng i

: ‘~I,to these systematrcs for calculatlon of double drfferentral cross sections; .
o energy and- angular spectra angle energy 1ntegrated ylelds ‘and ‘'mean

: “multlpllc1t1es for secondary neutrons and protons The code MSM pro-f- Gl

- wvides also calculatlon of total pA 1nelast1c Cross: sectron am from the, o
S formula (2) and some more ‘useful’ output “An example of comparlsonf e
7 of proton spectra from p '+ ¥Al'and p + 2°Pb Treactions at. energles“g'
.90 MeV.and 740. MeV. calculated- with ; Fotrna et al. systematrcs [16) -
L w1th the: experrmental data 1s grven in: Frg 2 One can’ see. a good,
",agree,nent L S Sl ; S

systematrcs [16] were successfully used by the au- e
o thors as, generators for the well- known Monte Carlo transport codef%”_'
= ‘MCNP (together wrth the code SOURCE whlch generates the 1nputi7}“-5 £
= 'dfor MCNP) Wthh allows one to calculate neutron and proton transi-;
e ‘tion in samples of arbrtrary shapes w1th constrtuent substance (for de-" T
" tails; see. [16]) ‘The MSM ‘and MSPN codes are avarlable upon request i . !
0.V. Fotrna fotma@p5 lnr npl msu su’or fotma@pG- e
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- Frg 2 Companson of Fotma. et a.l systema.tlcs [16] wrth experlmenta.l da.ta for double-( e
e t,_dxﬁ'erentra.l proton spectra. from P + 27Al (ﬁg a.), T0 = 90 MeV) a.nd p + 2ost (ﬁg b)’, ‘
: ','. To = 740 MeV) mtera.ctnons (recewed from Dr O V Fotma. [16]) i : SN

| Gorbatkov/ Kryuchkov and Strlganov [22] recognlzed experts in"
- systematlcs and transport calculatlons, consrder Sychev set al. [23] ap-
\prox1matlons to be the best by 1992, universal systematlcs for_double ",
"ﬁvdlf‘ferentlal Cross sectrons of secondary hadrons ermtted from hadron—~7

»nucleus 1nteract10nsy at 1nc1dent energles from ~ 20 MeV up to hu - .

o “"}Aand are realized as several fortran codes D2N2 for calculatlon of
~+ d%(p,zn)/dTd of fast hadrons; D2N1 for integrated do(p, zn)/dT;
i EVAP for calculatlon of evaporatlon of slow partlcles NECS for, calcu—
;latlon of nucleon-nucleus quasrelastlc and nucleon—nucleon elastlc cross}"_ A
:"sections. Unfortunately, formulae ‘of these systematlcs are too cum—i g
‘”".‘tbersome to be shown here, and the full set of all - parameters is’ not at
‘ our d1sposal therefore 1nterested users - have to contact dlrectly the
kS "Eyauthors of Ref [23] Te T '
“ - To perform rehable calculatlon of n, P, 7r, K and 'y transport through» ’
Sty the matter [24] Gorbatkov et al. [22] have tecently derived a new, more’ by
fﬁgl’prec1se than those of Sychev et al. [23] systematlcs for double drfferen— S

rrrrr




An example of comparrson of Gorbatkov et al systematlcs [22] of

! d2o/ dTdQ for. proton—rnduced neutron productlon on Al and Pb at 585

. MeV with' the Sychev et al. [23] one and wrth experrmental data 1s
- shown in Frg 3 (adapted from Ref [22]) :

by

i

\p.n) E.-585Mev

TRt Bl :
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F 1g 3 Double dlfferentla.l cross sectlons of neutron productxon from mteractrons of 585
MeV protons with Al a.nd Pb Sohd lmes show Gorbatkov et al systematlcs [22] dashed

: ‘]_mes are calculated w1th Sychev et ‘al. systematrcs [23] pomts mdrcate expenmenta.l da.ta i RO RS T

(] ;
STLAR ,;.

Thrs ﬁgure 1s adapted from Gorbatkov et a.l [22]

One can’ 'see' that for 'these reactrons, Gorbatkov et al systemat—.

E '{“f.xcs (22 describe: experlmental data better than those of | Sychev et

},_‘al [23]. The systematics of - Gorbatkov et al were 1ncorporated in

';_'the code. system SADCO-2 [22], used to prov1de hrgh-energy partlcle

1 ‘transport calculatlons by a graup ‘method with the "new. Monte Carlo i

fast’ code MOSKITI [24]. Unfortunately, the whole set of formulae and
o parameters of Gorbatkov et-al.’ systematrcs is'not grven in Ref [22]
and we aga1n suggest 1nterested users to contact the authors

IV SPALLATION CROSS SECTIONS AND‘)EXCITATION
FUNCTIONS :

/ Rehable systematlcs for 1ntegral Cross sectrons of productxon of drf—
i ‘ferent isotopes or for excxtatlon functions are of special 1mportance [25]
: for such applrcatrons as: optnmzatlon of 1sotope productron desrgn and

G operatlon of hlgh—energy accelerators accelerator—based waste trans- Ll
mutatron accelerator—based energy ampllﬁcatlon ‘astrophysrcs, osm1c e

o ray physrcs and last but not least for understa.ndlng theorles of strong"’“ T
~ ¢ nuclear 1nteractrons and for tests of nuclear reactlon models (for more
detallssee,eg [1,2). . 0 e ey e
"The first universal formula for spallatlon reactron cross sectlons was ©
suggested by Rudstam [8] and later improved by many authors, notablv B
by Sllberberg and Tsao [9]. These five- parameter systematlcs are \\ell,' e
* known, widely used, and, often: reviewed (see; e.g., 6, 7, 10, 39]). The
Sllberberg and. Tsao formula 1s extensrvely used in apphcatlons due to. ,
-among others, its reahzatlon in the code SPALL- pubhshed by Routtlﬂ‘)‘ AT
~and Sandberg [10] In subsequent years Sllberberg and Tsao performedf R :
" anumber of changes and refinements of their systematlcs [11] extended" Vel
: ’_t‘lt to the descrrptlon of heavy~1on reactrons as well [12], and now a new
tecent code version YIELD of these systematrcs is: avallable (c1tatlonl:\{ :
“under Michel et ‘al. [25]) e PR Feis
F1g 4 (taken from' Michel et al [25]) shows as an example the r'mos i
R of proton—lnduced sppalatlon cross sectlons calculated under Sllberberg
" and Tsao systematics versus Michel et al.. experlmental data [25] for 17_; -
I proton energles of 800°MeV and 2600 MeV. ¥ F
-On can see that most of the 1nd1v1dual ratlos are w1thm a factor of o
2 from unrty and only seldomly there are reactrons for wluch the ratlos e
’E“go up. toafactor of 10.. ‘ — Lo ~ , S
The. five- parameter Rudstam formula was extenswely used to ana- o
lyze also data on' hlgh-energy photospallatlon andx new. sets of p'rram-~
- eters for these reactlons were, obtalned (see &8 [26] and referen( s
""thereln) BN T :
HEREA Further ‘some authors developed srmllar but slmpler formulae for»ﬂ
spallatron cross sections.’ So Gupta etal. [27] roposed afour—paramete e
: systematlcs, ~while: Foshlna et al [28] derlved a slmpler oue.’ tlll(‘(‘
: parameter formula LR Tt WL ‘ : : a
o Recently, several mvestrgators obtalned s1m1lar snnple but 11111\ ersal';j e
’systematlcs for spallatlon Cross sectrons Wthh may be’ apphed to de-
" scribe both proton- and nuclets- nucleus 1nteract10us [29 30] (sco dls()' L
= the new Sllberberg and Tsao, formulae [12] crted above) , S
~.So, the Summerer et al parametrlzatron [29] is,very snnple (loes ot o o
pretend to. deSCI‘lbe such processesas multlfragmentatron 1ntcrme(hate« T |
Vmass fragments and ﬁssmn products and was developed w1th an em- i
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phasrs on heavy targets (or prolectlles) nucle1 therefore it should be
applled to fragments from targets (or prOJectlles) w1th masses larger
than approx1mately A—-4O

~w‘y',.v" f, ~—r—r— ,",,—.—f T

<800 MeV

A
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o ‘j Frg 4 Ra.tlos of theoretlcal cross sectlons calculated by the semlempmca.l formulae of

[20] as a functxon of the relatrve mass dlfference between target and product for 800 a.nd 2600

5 from Mlchel et al. [25] .

"iAn example of predlctlon of Summerer et al ,'parametnzatlon [29]

for charge d1str1but10ns of res1dual nucle1 w1th the mass number A=

‘ :"7? from proton 1nduced reactlons on 96Ru 96Mo and 96Zr at incident

‘energy of 1.8 GeV is’ shown in F1g 5 (taken from Ref [29]) One can‘t

“Wsee that the agreement is qu1te good ‘ AR
- On the’ contrary, new systemat1cs presented . a serles of recent
. 'papers by Webber et al [30] were developed w1th the a1m to descrlbe
.+ ‘interactions -of hght nucle1 (Wlth light- targets) w1th Zo= 4 - 28 and
o A=T7- 60 for energles > 200 MeV/ nucleons and cla1m for an, accuracy

. oo
Ve

; L xr* L w@@? v
lO‘n E_ m/ Lﬁ% ¥ «j r

Sllberberg and Tsao [11 12] and experlmenta.l cross sectlons from the work by Mlchel et a.l - '

: 'i MeV: D;fferent targets are shown w1th dlﬂ'erent symbols, a.s 1nd1ca.ted The ﬁgure i’ taken

R “of 10 % or better These new sermemplrlcal systematlcs were ﬁtted
S e ﬁrst descnblng the elemental cross sectlons second the ISOtOPIC cross -
o | sections, and the thlrd term descr1b1ng ‘the energy dependence In’ S
3 add1t1on to these ba51c terms in the expressxon for cross sections, there
. are spec1allzed terms for. neutron and proton str1pp1ng react1ons and.
.- .a'special treatment of cross sectlon for production of “dliﬁcult” Be
V ‘lsotopes The complete detalls of these systematlcs mcludmg tables- .
. ‘and plots. of cross sections are avallable in limited quantltles on a PC ;I
Sl compatlble d1skette by wr1t1ng the authors [30] : ‘ b

10°

LI

o

Cross Secton (61

=

Fragment Char‘ge‘Number Z

5 Flg 5 Cross sectlons for A= 72 rsobars from reactlon of 1 8 GeV protons ‘with: 96Ru

v96Mo and 96Zr The symbolsrare expermlenta.l da.ta. and the curves are’ from Summerer et =~
Sal emperlca.l descrlptlon w1th the memory eﬂ'ect parametrlzed accordmg to Eq (13) from\
: Ref [29] The ﬁgure 1s taken from Summerer et a.l [29] 3

I3

i Be81des the need for spallatlon and fragmentatlon cross sectlons at'f"
gklntermedlate and h1gh energles w1de1y evaluated w1th the systematlcs‘
cited above, a lot of sxmpler excitation functlons hke (n n'); (n n '7),‘“"
(n, 2n) (n,3n); (n,p) (n,t), (n, a) (n,7) etc.” at lower energies are re-
qulred for solvmg safety and technlca.l problems of fusxon and ther—




,\" .

T «monuclear reactors as well as for other 1mportant appllcatlons and L
.~ science [1]-[3]. To fill the gap of data needed and to ‘extend the available L
T Large Evaluated Data Files and leranes (see, e.g., [1]-[3]); a variety of *
- systematics were developed by many authors for (n,2n) (see [31, 37 38
'+, and references therein); (n,p):[31, 32, 35, 36], (n,t) (33, 35, 36], (n a)
S [34]- [36];. (n, Charge-Partlcle) [31]- [36)-that are used along - with’ calcu—, U

- | latlons in the framework of dlfferent models of nuclear reactlons

- ~As an example, below we. show only very. s1mple but” quite rellable, S

i "systematlcs for 1nc1dent energies less than\20 MeV-and 'mass numbers' MR
S of targets between 30 and: 210 wh1ch have recently been obtalned by :, e
“(in- mb) by ﬁttlng exper1-~ o

. Badikov: et ‘al. [31] for a(n p) and o (n, 3n)-"

i '_"mental data with' Forrest and Lu—Flnk formulae (see references 1n [31])

E o(n, p) = 5 2093(A1/3 + 1)2ezp( 23; 4863 = 85 0443 + 0 25406AV 2)
, (n 2n) ‘= 47 015(A1/3+ 1) (1= 3 9777e.7:p( 24 1163)) (7)

: Here A and s are the mass number and asymmetry pa.rameter of the
A",target nucleus : : S LIRS

[31] [38] and references thereln

# i,”,:ﬂ able ‘at: present from the OECD NEA Data Bank- [42, 43].- So, there
are: Chmese codes: NX-1 (IAEA0918/01) for calculatlon of (n ,p) and
0 (x, a) excitation- functrons for 23 < A'<,197 and T, < 20 MeV [36];
i NX-2 (IAEA0919/01) for (n, d) and (n 3He) for the same energies and -

Tt targets [36]; and the: code SC2N3N (IAEA0917/02) [37] for '(n3n)
- and (n, 2n) cross sectlons in the 1nc1dent .energy region up. to 25 MeV
and targets in ‘the’ region 23 < A, < 238, There is’ also BNL code -
S THRES?2 (NESCOOSO4/01) by Pearlstem [38] 1ntended for calculatlon
o j}'of 19 channels of neutron 1nduced reactlon cross sectlons from 0 to 20

4He 4Hen 4Hep, dn and ﬁss1on spectrum averages.

At the end of. this sectlon we' would like to refer to a general remark,, :

i ':]:by Mlchel et al [25] about the qualrty of pred1ctab1hty of semiempirical
e systematrcs “Semremplrlcal formulas will be quite successful if b1nd1ng

Other useful systematlcs for exc1tatlon functlons may be found 1n |

o It should be- stressed that. several fortran codes wr1tten accordxng
5 ~‘~to some systemat1cs for neutron- 1nduced exc1tat10n functions are avaJl—"

X - energles are the cruc1al parameters domlnatlng the prod 'ctlon of the ;

.',y\ S

i ,stablllty, the 1nd1v1dual propert1es of the residual nuclei; such as level,
o densities and 1nd1v1dual excited states; determlne the final phase of the
, kk reactlons Thus the averaglng approach of all semlemplrlcal formulas-" e
WIH be 1nadequate G - yi/,, ;; S e il

. R

: . 'f‘,are the best systematlcs from hundreds avallable ‘or from a dozcn c1ted~« i
vabove'? There is no. a unlque answer to th1s questlon
o lﬂon our concrete task
“be' enough to use 51mple systematlcs by Fotina et al. [16] to cstnnatc S
1nelast1c cross sectlons or ‘double- dlfferentlal spectray the Sllberbcrgv"f‘ T
Rk and Tsao[ll 12] ones recently real1Zed as the code versions YIELD to T
i estlmate spallatlon cross: sectlons or even such 51mple forrnulae as’ ( )p'"; e
to evaluate: exc1tatlon functlons EeN ‘ i

(see e.g. [43]) issued perlodlcally by NEA' OECD which’ (ontdms asio
© " short descrlptlon of the codes‘of nuclear models and systcmatu s avail- L

res1dual nuc11des ie., for nuclldes far from stablllty In the \allev of 5 Y

/

V SUMMARY

Now that werhave come to the end our readers may ask us: \\ lmt - i

It depends"{ L
In many cases, for. qu1ck est1matlons it may’

*‘;‘

- On the contrary, to analyze‘ “del1cate characterlstlcs calculatxon# e

‘ ,'_us1ng more compllcated systemat1cs l1ke the proposed in Rcfs [11 22. St
L 23, 30]; or even in the framework of sophlst1cated‘models of nu( lmr’ 7
B reactlons may be necessary T e e

From our standpoxnt the 1ntercompar1sons organlzed svstcmanmll\_

t:‘durlng the last years by NEA "OECD. (see -e.g.,.[4]) are very uscful g

L for: authors of models and systematlcs servmg as a’ gmdan(c for fur- '
§ ;;'ither development _These exercises. are quite uscful also for users: as“
~++*, their results, help lnterested partles to choose tl1e most appropnat(
i models systematlcs or; codes for. the1r concrctc tasl\s Wi
L recommend our colleagues to use'in: thelr work these rcports as Avell o
Lag other valuable NEA. OECD 1nformat1on [42] available by E- -liail - ok
' (".".‘»(send a mall to' nearobot@nea fr, ‘put HELP. i in’ tho mossago) b\f“‘_ o
| . FTP. (ftp to ftp nea.fr, log1n as anonymous) by telnet (tvlnct t()"j;“,,,\"“.‘ A
" MeV, namely on, 3n p, d,t, 3He; 4He np, nd, nt, n He n4He, pn 2p, ni ‘7! nos.nea.fr; logln as neadb then enter guest) or bv_ WV\ W (op( n o
: S Z;AURL http: //www nea.fr/). . X o

strongly

7 We also address our. readers to the Computer Program Abstrd(t
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