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oHHhIH cnpaaoqm!i 51'Aep .. . . 

LI:aHo _· KP,aTi<oe onncaHue· ¢opTpaHHoii nporpaMMhl ·GROSEC. 
·ahlqHCJieHHSI HHTerpan:bHhIX nnoH-MepHhIX, HYKJIOH-Meplihlx Ii• SIAPO-Mep
HhIX ceqeHHH B3aHMo,tiettCTBH51. (ynpymx, Heyrrpyrnx H'rioJIHhIX): A;:ipoH-Mep-

,, • ' • • -.- - -- - • - - .- ' • > • 

Hble ceqeHHSI onpeAeJISIIOTCSI nyTeM HHTepnOJISID;HH H3BeCTHhIX SKCnepnMeH
TaJibHhIX AaHHhIX ARSI Mep c :fapSIAOBhIM qnCJIOM Z > 3 u· o6nacrn SHeprnii C)T . . 
· 14 M:sB AO 1 TsB . .5IAP0-MepHhle ceqe:uHSI paccqHTbIBaIOTCSI C IlOMOID;bIO an.:. 
npOKCHMau;~0HH0ii qiopMyJihl (c on:peie.neHHhlMH H3 cpaBHeHHSI C SKcnepnMeH- . 
. TOM Kos¢¢nu;neHTaMn) AJISI. sHeprnii, 6oJibWHX. JH!CK0JibKHX MsB/HyKJioH. 
IlporpaMMa CROSEC HCITOJib3YeT.168 KB n:aMSITii H MO)KeT HCIT0Rb30BaTbCSI 

• " - - : _-. a •• ~ •" • C -• ' • ~ - ,. ~ • • - ' • 

HHTepaKTHBHO AJISI BNAaqH Ha 3KpaH HJIH neqaTb KaK OTAeJibHhIX 3HaqeHHH, TaK 
H u;eJibIX Ta6JIHD; ceqeHm'i.MOAYJIH CRbs~c. MOryT HCITOJih30BaTbCSI ii :i<aqe~TBe 
noAnp_orpal\n,1 ii Jipyrnx.nporpaMMax. .. . . __ . 

. Pa6oTa BhIITOJIHeHa i•Jla6opawpirn BblqHC:.JIHTe.JlbHOH TeXHliKH H aBTO-
Ma;H3aD;HH OM.5111. . . . . .. . . - . . 

,.-' - ~ ,_;. ' 

.. Coo6~em1e oih.e,1HHeHHOr() HHCTHT)'Ta si,1epHblX HCCJie,1osaHHH. ,ny6Ha, 1994_ . 

Barashenkov V~S., Polanski A. ·• -. . ._ . . . -_· . . 
Electronic puide for N ~clear _Cross-Sections (version -1994) 

. A short desfription of a fortran CROSE°C code providing the integr~l ~~oss.'. 
sections" for pion-nucleus, nucleon-nucleus and nucl~us-nucleus· interactions 
(total, inelastic, elastic) ·is given. The· hadrnn~nucleus cross-sections are 

'. o_biained; byinean; of interpolaHon bet~;en estimated experimeritafc.lata at 
target chargenuiribers Z > 3 and energiesfrom t4 MeV upto lTeV; The 
nucletis-;-nucleus cross _s·ections ·are calculated with the help of approximation -
formula•with"fitted coefficien_t at energies above several-MeV /nucleons.The. 
CROSEC code uses 168 KB RAM and.can be used in iriteracHve way to generate 

. separate ·values or tables of cross sections o·n a display screen or file. -Fractions 
of the CROSI;:C-code can be used as subroutine·s employed by other codes. 
. Th~ inyestigation 'has· been performed at the 1.:aboratory. of. Computing 

Techriiquf!s and Auiomatfoil;" HNR: · · ' · 

C:ommunicati~n of the J~int Institute for N~clear Research. Dubna;l 994 
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A set of. ali available experi~ental integral hadron-nucleu~ cro_ss
. sections .at energies e~ceed1ng 14 MeV and. plots of estimaied to.:. 

tal,inelastic and elastic cross-sections f~r pion and nucleon 'interactions 
ae1(E),a;ri(E),atot(E) a;e presented in'paper.Jl/. ·. . - . ···_ . 
. Tw~ methods have been employed to calculat·e.depen<lenceofcross- .. 
s'ecti,ons.vs energy E. At high ~nergies,where the projectile cl~ Brogle wave : 
length is' significantly smaller than the size of thQfarget nucleus.the qua-· 
sioptical rriodd isused /1/.The pai-airieters,,ofthismodelhav~ be_enfi.tted 

· toobtain best agreement o( calculated and experimental data.The high~ 
energy region has been divid~'d int~ separate intervals with'characte;istic 
behavior of cross- sections.(F9r example,the regi~ri_n~ar the rnini~liJ? 

·of _i:mcl~n cross-sections at :energy. about 200 Me V ,' the resonance region 
. . . . . .. ·. I . . . . .. . , ··., . . . . . . . . • . ·, .. , 

.• · ne_ar 180 Me Vin case .of pion-nucleus cross sections,thejntt:!rval of smooth 
· .. cros_s~section alteratio{is at energies abo\iel GeV);A set of parameters has 
. been defined. for eac~ iritervaLPhenortienological ~pproximati~if of cross-
··. sections ; was used at lower ener·gies: : : . . . . ·- . 

' ... , - ' . ._ ·''·, ·•, .. ; 

J . , . ,• ,· .. . .. I • • . • , .. • . : . . . 

where Vis the Coulomb barrier,,\ and E a.re the .de;Brogle wave langth 
'and. the kinetic _energy ofthe projectile.in the center of mass system.A 
and· Z 'are the target nucleus ~ass a~d charge_num9ers.The functions 
f(E), cp(A) and a(E) are determined by the sums ' · . ' 

.. 
"E,;a;E/3; . and . · "E,;a;,1b; 

with constant coefficients{ c/>( A.) ~ A ' a( A)'-:-tconst with th~ projectile ' 
:energy increase).. .·. ·_ '. . . . . .·. . . . ... 

. . . It is quite clear that sucl{approach is only one bf mahy possible ap-
.·' proxima'.tions.For example, o~ecould as_ well us~ a.:lso an optical model 

. based on a solution of the Schrodinger eqtiati~n with aplienomenolo~ 
_. ·· · gocal · p'otential -_ /2 -:- · 4 /. In principle; by. these. m~ii.ns' .one is capable · even 
> to diminish the number 6f adjustable param.eters.Ariother rriethod 'of ap

p;oximation is pro.posed'.in'pape~/5/.At verihigh enemies E >'10 GeV_ ~ 
. it is advantage<>ii~ to use the Redg'e pole approxiJnation·which -allows 
one to desc~ibe simultimeouslY the cross~sections for several types o(par- . 
:tides using 'the sa~e·set of parameters /6rThe C<>ncrete ~hoic~ of ap

·.• proxirriation slightlyinflue'uces the shape of the.curves a(E).The most 
. •. important i~ to·- perform a selection' of experimental data ,sets used for 



adju'stment. wh~n some. data ar~ faken. with_ larger weight. tha~. the otb'.:: 
.· ers.Certainli,s

1

ubjdctive consideration~.·are present when such a selection 
is performed. The process. of estimation and· appioximatioil of 'meas~re..- · 
inent res~lts is 1ike to some skill,~hich helps.to provide the.value in best_ 
agreement ~ith experimeiit., . ... . . . . 

The . kno~n- experimental information on . nucleus-riudeus- cross~· 
sections is insufficient to co111pile a det_ailed plot. curv~s,especially if one 
~onsiders. approximation relations can, be used.with coef_ficients, fit fed ~y 
m;ans,of comparison with the'known experi~ental data/V.Of course,the 
-accuracy of the ~~suHs is lowerth~n· that for hadroh~n~cleusinteractions .• 
.• · 'A c~nveni~nt for prac~ical.use code_ is ~·escribedin papers /7, 8(which 
provides O'~/, CT;~,CT~ot calculated by means of linear and in some cases by 

"'quadratic interpolation· of cro,ss- sections at intermediate energies;charge 
. · and ·rrias~ numh~;s of ta;gef micleus: ' · > ' ·· . • < ' · . 

. We propose an)~p~oved veision of this cod~ suppl~m.ent~d bya sub~ 
routine which uses approximation relations, for calrnlation of integral 
nucleus-n~cleus. ~ross-sections. The ne~ v~rsion..app~ais nior~ covenient . 
for practical applications: -. : . . . .. ·-.: ·.·• . . . · · · 

,- ' - , ' ' ·t, 

_The, CROSEC code includes following modules: · '· 

~. MAIN . MODULE :fo'r reading:input ~nd . prin~ing . sep~rate. val~ . 
• . . ues or, tabfes of hadron~riucleus. and nU:cleus~nucletis .· cross:sediol}S, 
• · ,· · (m.barns);· . 

" . ,, ··~ 

• fuilctiori SIGHAD:·for calculation of pion-nucleus .and· ~ucleon:. · 
. nucleus~cross~sections·::: : ~- . . , , . . 

·. . . ..,, , . 

· ,• :functions.SIGiON,FHS and FC for calculation ofimcleus-nucleus_., 
c~oss-;~ctions; · :, · · · · · · ·· · · 

.• se~e~al BLOCK DATA~ith evalu'at~dcross~sections at fixed values··.: 
. ·.· ·E,A;~ . . .,. ~ · .. ···~ . .. . . . 

After sta~ting the pi:ogr~rr/orie'·m~st ·inse~f the.Jighf n~mbers fn free· 
format: , . . . 

. ITYPK .. PA • PZ. ·TA 
~-· 

' ·. . ''·' \ . 

representing,'respedively:, 
- ' 

; i. 

:) . 

. ;1 .· 
'' 

( 

.W Q __ _ 

.- ... -·· (. 

ITY PE= 1 or ITYP E :::;; 2 ..:.:... calculation oftotal or inelastic cross-· 
sections; 

' ·~-1' 1 ,· 

1TY PE. ~ 3 :,-_calculation at once of total,foeiastic and elast1c cros·s-
secti~~s; /-: . - . . . . . , . . . . . . . . . ' 

PA,PZ~projectile mass and charge numbers (for pions p'if =0.14); 
. TA,TZ.:._the sa~e fortarget.imcleus; . . - . , . '• . 
El,E2-the low~st,and the high~st ene;gies iii the c~risidered interval; 
ES :-=-energy step'. . . . . ' . . . . . 

· ··, :. T6 break the procedure:o~e must insert 0 (;ero) or BYE.. . 
For example, if one needs to· obtain cross-s~ctions of negative pion, (pi-). 

with nucleus Cu-63.5 in the,erier~y .rang~ frorn 20 MeVup t6 100 M~V 
,.·with.a stepl0 M;v one must ~nt~r(iri free f~rmat):' ' , . - . 

, . 3 
,,., . ., . . . 

0:1:4 •. -1 63.5 · 29 .'-20 100, .• 10 -~: 

Th~ computer replies: . 

******;****~**********************i*********** 
CODE FOR CALCULATION OF NUCLEON::NUCLEus; ·, 

. PION-NUCLEUS . . ; . . 'c' 

·AND NUCLEUS-NU,CLEUS·TOTAL,INELASTIC AND ELASTIG 
: , +++.+++++:+++ .CRO~S~SECTIONS (MBARNS) ++++.++++: 
. ':**************************************·************ ' 
.. WRITTEN BY v,.s.BARAsHEm<ov AND A.roLAr-is1u 

JINR,pUBN A· . -

·*>I<**************"'.*.**.*****!*\****~***************~***. 
·ENTER:-· - -· •.. . . 

. )TYPE_ .AP . PZ .TA. _TZ :_: El >E2 ES . ~> . . 
. PION-NUCLEU_S CROSS_-SECTIONS (MBAR.NS). 

ENERGY(;MEV) TOTAL INELASTIC. ELAS'fIC ., •. 
20.0 . · . 1400.0 . 725.0 . ~ ;, 675.0, 
30.0 >. , 1500.0 · 782.5 . '717.5 

,- . 40.0 J600.0 . 840.0. ,· 760.0 -
50.0 1737.0 930.0 , 807.0 · 
60.0_ · · 1875:o : 1020~0 . , . 855:o 
70:0 l98L0 1110.0 87r.o 

. ·_80.0- . - 2088:0 ·.1200.0. •·• . 888.0' 
· 99.0 < ., 2144.o 1241_.o 897.o 

·~. 

-..J00:O :," .. ·· .: 2200.0 · .1295.0 905.0 
ENTER: 

-< 

. l 

·\ 
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.. · - -- ; \ 
)TYPE PA:. PZ i TA TZ El .E2. ES ... · , . . . 
At this st.age ~ne must type~ ~ew set of inpllt parameters orto·break 

'the.proceduretyping o·(zer~) orBAY:1 • • , • • .• • • • . 

· ' The SIGHAD and SIG ION functions cag be used separately 'with' 
,- . -·. - ' .. ·· . "":". ·1:_;- .. ;_ .. ) . ;_ '', .,..-: 

other codes . to calculate a current. value of hadron-nucleus ·or nucleus-
• i;iud~us ~ross -sectiori; : :\_ ... .. . . . . . . 

cs;, SIGHAD(JS,PA;PZ,TA;rz;E) . 
CS= SIGION(IS,PA,PZ;TA,TZ,E). ··. ' . •···• :• · · , ... 
where . E is ·a, projectile energy. ( Me V for 'hadrons.· arid Me V/mi~leon 
(for nucleus); .. ··. : ·. : ·.· . ·.·· .·. ·.. . ·• . - . · .• · , . . .. 

. 1 S ~ l or. JS =. 2 for calculation.of total oi inelasti~ cross- ... 
sections; .. , . .·. . . . . 
PA,PZ,TA,TZ are_explained above para~eters. ··, 
The CROSEC code is written in FORTRAN.It uses 168 RB 'real - . - • 1 ' . . 

memory. 
F~rth,er informatimf can be.reque~ted afe~in~il addresses: 

. barashenkov@kta30.jinr:dubna.su' 
, ' polanski@cv.jim.dubna.su 
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