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METHOD OF ANALYSIS OF NEUTRON CAPTURE GAMMA-RAY SPECTRA

RIASSUNTO - Vengono descritte le tecniche utliigzate per tnr-re.gu spettri di cattura i
del rivelatorli al Ge (Li). Viene proposto un mntodo di calcolp che dall’energia del gamma

permette di ottcnere uno schema di decadimento col metodo di Rits. Il metodo & spplicato ‘ A,_ Fﬂbini, A. Ndpli, D. Pmspﬂ'i, F. Tmﬂi

alla reazione C1% (n, Y ).
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METHOD OF ANALYSIS OF NEUTRON CAPTURE GAMMA-RAY SPECTRA
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SUMMARY - The method used to calibrate the neutron capture gemme -ray spectra of s : ‘o
Ge (Li) detector is described in detail. The procedure used to obtain from the gemma - tay
energy & decay scheme is reported. The method in applied to the CI*¥ (n, Y) reaction.
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Tesio pervenute il 19 accembre 1970 l - Introduction

One of the most suitable méthoda for investigating fhg nu
- clear lavel siructure is the analysis of the y-ray spectrs

arising from reaction such as (n,y) or from the decay of ra-

diative isotopes. In spite of the complexity usually shown by
these spehtra it is possible to obaefve and analyse correctly
a large number of y-ray lines (tipically »100) with increas-
ing precision, due to the development of high resolutian Ge(Li)
spectrometers, precise calibration curve determination, and
methods of analysis of line shapes. _

-~ With such a number of transitions it would be very long and

difficult to perform a complete analysis of the lsvsl scheme

inserting in it more than a small number of transitions by

nm v e

means of coincidence experiments.
Then, starting from the knowledge of the energies of a small
| - number of levels end of a large number of transitions one oan
“try to construct a decay schame by the Rifz-combination prig
i ciple. In the present paper such a method is desefib'd in de
teil and some results obtained for the reaction 3501(n,1) are
- reported, | o _ -

i | - The computer programs arrarnged for this purﬁecc:qtt de-
| | | scribed in section 2. In section 3 we report the method used o
] | | for obtaining precise energy measurements. The application of

Edito dal Comitato Nazionsle per I’'Energia Nucleare, Divisione Affari Internazionsli .
e Studl Ecosomici, _Uﬂlcb Edizionl Scientifiche - Viale Regina Masghetita 125, Roms
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the Ritz method to the construction of the ~ Cl level scheme

is described in seoction 4.

2 - Computer codes

The computation are carried out by the programs PLOT and
PROB. ‘The procedure starts from some lmown levels of energy
E, + 6EL and from the y-ray energy EY + GEY; The program
PIOT calculate for some discrete values of energy E how many

times combinations (E.,E ) such that ,IB-EIJ -E 24(:5E2+J.’>]§‘.2)
Iy Y y L

" sre obtained.

The ensrgy values E should vary in the chosed interval by steps
of lenght smaller than the smallest value of (6E + 6E ).

If more than a preeet number of combinations is found for one
of these values that energies is considered as a possible new
level, ; | -‘ B |
Because of the condiiion imposed to the lenght of the steps
this will ueuall& occur for several neighbduring values, The
plot of the number of combina* ions vs. energy, provided by the
program will thus show a number of peaks. corresponding to the
possible levels on & continuous background: this is due to
the finite arrdrs of the energy measurements that give rise
to accidental combinations. Ii the spin I, and I, parities =

i 4

ana uf'of initial and final states are known as wel’ as the

multipolarity L of the transitions the program check if the

i

relationship '

I, + L,291f2>(II-L)

’

are satisfied. The combinations not satisfying these select-

ion rules may be disregarded thus reducing the number of acci
dental combinations,

The probability of obtaining such accidental combinations

depends sirongly on the magnitude of the energy errors, It is
therefore very important to measure with good accuracy the
transition energies; section 3 is devoted to this problenm.

A computer cods, PROB, was developed in order to calculate by
means of a self consistent procedure, the energy of the levels
a8 a weighted mean of the single values provided by pair
{Ey,E.) where E; 18 a known ievel connected to the new level
by the transition Ey. |

The program calculates also the probability of the level can-
didate beihg purely accidental. The method is similar to
that propoeed in Ref. 1) and will not be described in detail
here,

A list of PROB an PLOT program sre reported in Appondix.

3 - Analysis of y spectre

In the sample treated the capturc y-ray spectrum measure-
5 .

3 Cl was performed by means of a Ge(Li)(z)opoctromoter.

The resolution wasn 4 Kev at 1.3 MeV and .10 Kev at 7 MeV.

The measurement of the energies was carried out in the follow

ment in

ing manner. Below 2 MeV a spectrum was recorded with a Chlori

ne target and some calibration sources (Csl37, 188, Na Jsfrom

2 to 8 MeV the Sodium lines at 2516.0, 3588.10, 3981.69;

'5617.91, 6396.93 Kev were used for calibration purpess by ir-

radiating a mixed target of Cl+Na.
The energy of the most intense lines of 36_01 was calculated by




means of best fit with a fourth order polinomials,

The estimates of error égrattributes to each energy value E
was calculated evaluating the error in the peak position and
the quality of the fit, The energies of the weaker lines were
ocbtained is a similar manner from the single target spectra
using the strong linea as calibration.

Moreover the existence of some cascade was used for calibrat-
ion purpose: in fact if we known the y ray populating and depo
pulating some level, we can obtain'several estimate of Q value.
After a test of the statistical distribution of these estima-
tes we calculate the high energy y ray as the difference bet-
ween the- weighted mean of the Q value estimate and the corre-
sponding low energy values and added them to the other cali-
bration point for a new fitting, This procedure was repeated
until the Q value converged to a fixed value. The calibration

curve thus obtained is reported in fig. 1.

4 - Construction of a decay scheme

36

To construct the decay scheme of C1° a iterative procedu
re was used, Prom coincidence measurement and (d, p) 8tudieer3)
it has been possible to obtain the levels scheme shown in
fig. 2. We use this decay scheme and the y ray listed in Tab. 1
as the basis for the search of new levels. The most probable
levels obtained was at 3633.6, 3964.5, 4497.6, 5958.6 KeV. The
probability that one of these levels was randon was less than
35% and as the intensity balance was roughly correct they are
added to the previous one. This procedure was repeated until
no new level will be found with probabnit‘y higher than 65% .

The decay scheme obtained is reported in fig, 3. All the

levels have probability to be true higher than 65% : as an
exception the level at 4139.2 was accepted for his strong
agreement with the {d,p) experiment. loreover'the intensity
balance is roughly correct as shown in Tab. 2. Finally as e-
stimate of the spin of the new level was obtained assuming
than all the transitions inserted in fig. 3 are E1, M1l or E2.
This assumptions will be justified observing that all the
transitions inserted in the scheme of fig. 2 are of those
multipolarity,

The value of the spin obtained are reported in fig. 331 this
results was obtained taking also into account the restriction
imposed py the angular momentum conservation for the levels

for which the 1 velues are known for (d.p) relation,




Tables caption

Table I = Summary of energy and intensity results for the
gamma radiation following neutron capture in na-

tural chlorire.

Table II -~ Ihtensity balance for the lowest lying levels.

correction for electron losses have been neglect
ed,

LN
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AV
Table 1 (continued)

sl - | 3l & | 3
- - o © - > >0
Al E g R | RS
L:.E > I z
43 [4685.141.4 | 0.06 || 63 | 3858.741.6| 0.22
a4 |4617.041.0| 0.55 || 64 | 3823.4:0.7| 1.56
45 |4589.641.2 | 0.24 65 | 3775.2+1.3 | 0.25
46 |4548.6+1.2 | 0.49 || 66 | 3756.4+1.2 | 0.10

" 47 |4525.3+1.1 | 0.40 || 67 | 3748.0+41.2 | 0.22
48 |4441.8:2.0| 0.91 || 68 | 3737.6:1.2 | 0.27
49 |4416.9+1.3 | 0.33 || 69 | 3707.2+1.6 | 0.23
50 |4378.6+1.0| 0.10 || 70 | 3662.2+0.8 | 0.26
51 | 4337.5¢1.4 1 0.19 || 70* | 3650.2¢1.1 | 0.13
52 .| 4299.6+41.0 | 0.46 || 71 | 3636.8+1.1| 0.28
53 |4207.4¢1.8 | 0.15 || 72 | 3628.8+1.1| 0.28
54 |4140.1+41.3| 0.16 || 72* | 3616.8+1.17] 0.16
55 |4128.7+41.3| 0.05 || 73 | 3601.4+1.2| 0.93
56 |4114.8+1.3 | 0.04 “ 74 | 3585.6+1.1 | 0.82
57 | 4083.6+40.8| 0.50 || 75 | 3562.5:1.1| 1.04
58 | 4057.441.2| 0.75 || 76 | 3548.0+1.1| o0.10
58 | 4047.241.5| 0.11 || 77 | 3525.5¢1.1| 0.05
59 |4033.1+2.4| 0.15 I 78 3511.8+41.1| 0.18
60 [3999.6:1.2| 0.12 || 79 | 3500.4s1.1| 0.31
61 |3981.4+41.2] 1.10 || 80 | 3465.3+1.2| 0.10
62 | 3965.741.2| 0.43 | 80' | 3445.5+1.5] o0.10
62' | 3914.541.5| 0.13 § 81 | 3429.1+0.6| 0.89
62 | 3883.8+1.5| 0.09 || 82 | 3371.440.6| 0.47

M
Table 1 (continued)

8 2 g B

EE > %E >«; EE > > >ﬂ§ ;
>-§ M M H Eﬁ »-§ M é; H S

| & L : 2|
83 |3350.1+1.1| 0.14 || 105 | 2705.7+¢1.0] 0.36
84 |3332.3+0.6) 0.52 || 106 | 2676.5+0.4| 1.30
85 | 3310.8+1.1| 0.16 || 107 | 2649.5+1.1 0.18
86 | 3287.6+1.1| 0.13 || 108 | 2622.5+0.5| 0.22
87 |3267.9+1.1] 0.13 || 109 | 2592.3:+1.0| o.11
88 |.3248.2+43.3| 0.23 | 110 | 2578.6+1.0]| 0.11
89 | 3214.6+41.1| 0.18 || 110* | 2557.1+41.0| 0.15
90 | 3199.9+1.4| 0.21|| 111 | 2534.3+0.6] 0.46
91 | 3161.0+2.6| o0.12 || 111' | 2517.5+1.0| 0.08
92 | 3135.1+1.1| o0.14|| 112 | 2491.0+0.4| o0.51
93 | 3114.6+40.5] 0.75 113 | 2468.4+0.3| 0.68
93| 3088.3+1.1| 0.10}| 114 | 2418.3+0.4| o0.41
94 | 3061.0+0.5| 3.07]| 114 | 2384.3+1.0] 0.14
95 | 3015.5+0.5| 0.86]| 115 | 2362.5+1.0| 0.12
96 | 2996.6+0.5( 1.03[ 116 | 2346.5+41.5] 0.15
97 | 2973.140.5| 0.97|| 117 | 2323.7+41.0| o0.24
98 | 2922.5+1.1| 0.80]| 118 | 2309.7+0.6| 0.50
99 | 2896.5+0.7| 0.34] 119 | 2287.6+2.5| 0.14
100 | 2863.4+0.4] 0.73|| 120 | 2270.0+1.0] 0.13
101 | 2843.940.9] o0.54ll 121 | 2247.041.0] 0.29
102 | 2808.2+41.5] o0.51|| 122 | 2199.3+0.6] 1.85
103 | 2799.5+¢1.5- 0.51f| 123 | 2179.041.0f 0.30
104 | 2755.4+1.2] 0.19} 124 | 2157.640.5] 0.39




Table 1 (continued)

e ~ g A
o) . O o
o o i (9]
P —~ o + ~
-~ > > > - > > o
] A Q — o > o ] o > O
>-§ ;5 3 5 a - q
4 N k4 PNE
$ : P ~
125 2076.0+0.6| 0.40 || 139 [1716.84+1.5 | 0.22
126 | 2039.2+40.9| 0.40 || 140 }1641.2+0.7 | 0.51
127 | 1959.5+0.2] 9.60 || 141 ]1601.1+0.2 | 3.00
128 | 1951.5+40.2{14.70 || ‘142 ]1327.3+0.4 | 1.Co
126 | 1903.8+1.0| 0.18 I} 143 |1266.5+40.5 | 0.10
130 | 1889.4+1.4] 0.14 || 144 |1164.9+0.2 |23.90
131 | 1875.4+1.4| 0.11 || 145 |1131.410.3 | 1.66
132 | 1860.9+1.1| 0.36 || 146 | 789.3+0.3 |10.80
133 | 1847.8+1.5| 0.18 || 147 | 786.5+0.3 |13.00
134 | 1833.3+0.9] 0.40 || 148 | 632.5+0.4 | 0.19
135 | 1814.3+1.5| 0.27 {| 149 517.0+0.2 |21.90
136 | 1791.2+41.5 0.30 || 150 | 436.4+0.3 | 0.83
136°] 1774.8+2.0{ 0.10 (| 151 | 358.5+40.4 | 0,18
137 | 1748.6+1.6] 0.15 || 152 | 291.9+0.3 | 0.21
138 | 1733.0+41.5 0.22

It
Table 2
EY11§EY1 EY216EY2 Q + 8Q
(keV) (keV) (kev)
2622,6+0,5 5958.6+0.4 8581.2+0.6
4442.,1+1.0 4139.340.3 8581.4+1.0
4617.3+1.1 3964.940.4 8582.3+1.1
6113.6+0.9 2468.6+40,2 8582.2+0.9
6621.4+0.8 1959.6+0.2 8561.0+0.8
6980.5+0.5 1601.240.2 8581.7+0.5
7416,4+0.5 1164.940.2 8581.3+0.5
7792.7+0.5 789.3+0.2 1 8582.0+0.5
8581.9+0.7 8581.9+0.7
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Figures caption

Pig. 1 - Calibration curve for the Ge(Li) detector.

Fig. 2 = Decay scheme obtained from coincidence measurement

and (d,p) studies.

Fig. 3 = Decay scheme obtained by the Ritz combination
principle., The relative probability of the existence

¢f the levels, spin and parity are also reported,
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Appendix

The computer programs PLOT and PROB have been written
in a IBM 7094 FORTRAN language.
| The following date are needed for the PLOT program, as
shown in fig. 1A.

First card
Number of levels, numbers of gamma rays, number of regions
analysed, multipolarity of y rays accepted

Format 16 I 5

Second card
Bnergy levels with their errors and spin. One level for cerd
Format 2F 8.3, 7 I 4

Third card

Gamma rays energy and error, One gamma for card Format 2F 10.3

Fourth card
Boundary limits of the energy region analysed, step width,
spin and parity of probe level,

Format 3F 7.2, 29 X, 7 I 4

We peed the same first three cards for the PROB program.
The fourth card must contain: boundary limite of the energy

region analysed, step width, number of combinations with the




1

probe level E, number of levels in the energy region

E~G +E+G, number of steps in éf,spin and parity of the probe

‘level

Format 2F 7.2, F 6.3, 3 110, 714
‘The interval G shquld be large enough to include many
combinations, so that it gives a good average valua,
The FORTRAN of the program PLOT is reported in fig. 2A,
, The FORTRAN of the main program of PROB is reported in

fig, 3As in fig. 4A and S5A are r:ported the subroutine PROB
and POISON.
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DIMENSION EN(90),DEN(90),E{250) 4DE(250) ,EINF{99) ,ESUP(99),PASS(99
DIMENSION IPAR(100),JPAR(100),ISPIN(100,6),JSPIN{100,6) ’
CIMENSION INK(5000),FEP(S000),KMIFL100),SPAZ(30G)
REAC(5,1111) AST,(SPAZ(L),L=1,30)
READ{5,1000} IMAX,KMAX,JMAX 3JJ, INDICE,JDELTA,INRINC
READUIS,1002)(ENCT),DENCTY o CESPIN(T L) oL=1,6)IPAR(L) yI=01,IMAX}
READ(5,3001)E(K)DELK) sK=1,KMAX)
READIS 1004 ) TEINFUJI) qESUPTJD) yPASSUI)1ISPINCI,L) oL=1,6),JPAR{J),J=
11, JMAX])
IFUINRINC.NE.O) READ(5,1003) VALRIN
IF{INRINC.EQ.O0)GO TO 2
00 499 K=1,KMAX
499 E(KI=E(K)RE(K)IFE(K) /VALRIN
2 WRITE[64222) IMAX,JMAX,KMAX
WRITE(6,1005)
WRITE(6,333)(ENCIIDENCTI) CISPINITI L) oL =146) ,IPAR(I),I=1,1IMAX)
WRITE(6,6444)
' WRITE(641008)(E(K)DEIK) yK=14KMAX)
l WRITE(6,1005)

- 04/01/70
: FUTAT - EFN  SOURCE STATEMENT - IFN(S) -
. C GRAFICO NUMERO INCASTRI VS ENERGIA LIVELLC

WRITE(69y555) (EINF(J)PASSII)oESUP(JI) lISPIN(IoL)oL=1,6)9JPAR(J),J=
11,JMAX)
WRITELG6,TTT7) INDICE
WRITEL6,100)
100 FORMAT(//8X, THFLIVELLO,9%X,88H1 2 3 4 S5 6 7 6 910 11 12 13
114 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30/7/)
222 FORMAT{//2XySHINMAX=,13,5X,5HIMAX=9 245Xy SHKMAX=,13)
333 FORMAT(3(1X,3KLV=9FB8.3,4H ER= F4,244H 21=,61295H PAR=,11)})
484 FORMAT(//2Xy22+TRANS GAMMA CON ERRQORI)
555 FORMAT(2(1X,BHLIM ENF=,FT.297H PASSO=,FH.2¢5H SUP=zoFT.296H SPIN=,6
112,5H PAR=,12))
1000 FORMAT{1&15)
1001 FORMAY(10FB8.3)
1002 FORMAT(2F8.3,1714)
1003 FCRMAT(5F15.3)
1004 FORMAT{3FT.2429X,714)
1005 FORMAT(//)
1008 FORMAT(14F9.3)
1009 FORMAT(12F10.3)
1111 FORMAT(26A3)
2222 FORMAT{3X,F12.3,14,31A3)
3001 FORMAT(2F10.3)
3333 FORMAT(5X,48HPASSC TROPPO PICCOLO 0D INVERVALLO TROPPO GRANDE)
7777 FORMAT(//5%,24HCO0ICE REGOLA SELEZ IONE=,12)
J=1
5 CONTINUF
LMAX=INT((ESUP(J)-EINFI1J))/PASS(J)S1l.)
IFILMAXLGT.9000) WRITE(6,3333)
IND=0
NE=O
IPR=1
DO 234 LF=1,LMAX
EP=EINF(J)EPASS(J)*FLOAT(LF)
41 1=1
49 DELTA=EP-ENI(T)

16
29

37
51
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68

82
90
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105
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i
b
: 09/14/70
" 04/01/70 , »
- FUTAT - EFN  SOURCE STATEMENT - [FN(S) - PROB EFN  SOURCE STATEMENT - IFN(S) - :
; INDC=0
i G0 1O §53,50,53,51,53,55), INDICE C RICERCA NUOVI LIVELLT METODC INCASTRI € CALCOLC PROBABILITA® CHE IL LIVELLO
f 50 IF(IPAR{I)EJPAR(JID.NE.L) INDCoL C SIA CASUALE :
s SIS S I L LB oz ancun
S ¥y ¥ ° eJe - ( ° Y = v ’ES * '’ v 'NU
T N ot aaz 114JPARLIN-EQ- 1D INDC=1 CINENSION W{202), ENK(202},EE21202),KLIVIT0),KDUP(TC),VVi202,30)
00 54 L=1.10 g::gzg:g: ::t;gtvgagl;}ig:;1gzzaspxncso.6).JPAR(SOl.PASS(SOI
. . 29 ’ ’
é;';fP:::::EQ'EQ'O' €0 1o 210 : READ(S, 1110 INAX,KMAX,JMAX,1COOE, JOELTA, INRINC i
IFCISPINGI,LG).EQ.Q) GO 10 S4 . 111 FORMAT(1615) _
IFCIABS(ESPINI 1,LG)-JSPINIJ,L)).LE.JDELTA) GO TO 55 READ!54222) (ELVEY) ,ERRUVETD o fISPINCToL)ol=1,6)¢ IPARC L) o101, INAX]. 8.
""S4 CONTINUE . : 222 FORMAT(F8.3,FB.3,714) e o
55 ABSDEL=ABS(DELTA) REAC(54333) (ECAMIK),ERRGAN{K) oK=1,KNAX) : i
IFLIND)S00,71,75 333 FORMAT(2F10.3)
71 K=1 READ(S 444)  (EINFUJ)LESUPLID PASSIJ)y INKMINIS) o NUMLY (J) (NUMPAS ) ,
GO TC 91 | LOJSPINEIo L) gL=ky6) 3 JPAR(J) 4 J=1, JHAX) 29
KeKMIF(T) 444 FORMATI2F7.2,F6.3,3110,714)
D=ABSDEL-E(K) IF( INRINC.EQ.O) GO TO 2 , o - -
F=SQRT(OEN( 1)$DEN{ 1) 80E(K)$DE(K) ) 172 READ(5,555) VALRIN - _ At
C=ABS(D)-F 555 FORMAT(5F15.3)
IF(C) 140,132,132 D0 1 K=1,KMAX
IF10)160,160,133 1 EGAM(K)=EGAM{K)SEGAM(K)I*EGAN(K) /VALRIN _ -
K=K&l _ 2 WRITE(6,666) IMAX, KMAX, JHAX, JCODE, JOELTAS INRINC . 59
IF (K~KMAX191,91,210 . 666 FORMAT(//10X,THNUM LV=F3,9H NUM GAM=13,9H NUM INT=[3,14H CODE REG
NE=NES L 1SEL=212,22H INIZ GAM DA TOGLIFRE=I3,9H RINCULO=12//)
KMIF(T)=K-1 . , WRITE(6,TTTI(ELVII)ERRLVET) ¢! (SPINCE oL oL=16) ¢ IPARCI) ¢ U=l , INAX) . 60
IF(KMIF(1))205,205,210 . TTT FCRMATUI(1X,3HLV=,FB.3,4H ER=,Fa.2,4H 21,612,5H PAR=, 110} . .. . e e
KMIF(T)=1 , , WRITE(6,888) ' B e 13
1=141 888 FORMAT(//2X,28FTRANSIZIONI GAMMA CCN ERRORY} ~~ = mrmmm—m ==~ T
IFLINDC.EQ.1) JDELTA=JOEL TA-2 : WRETE(6,999) (EGAMIK ) , ERRGAM(K) o K=1 ,KMAX) | 7
IF(1-1MAX 149,495,230 o 999 FORMAT114F9.3) |
1ND=1 : WRITE(6,2222) ‘ . 82
- INK{IPR) =NE ' | 2222 FORMAT(//) | .
EEP(IPR)=EP WRITE(6,1111)(EINFEJ)oESUPIJ)oPASSII),INKMINT D JNUKLVES) ¢ NUMPAS LSS -
1PR=1PRAL 1o (JSPINIS, L) o216 ¢ JPAR(ID ¢ Jn1,IMAX) ’ | 83
NE=0 ‘ - 1111 FORMAT( 2X,BHLIM ENF=F7.2,9H Li¥F SUP=F7,2,7H PASSO=F5.3,13H NUM § .
Hr | ; ©INK MIN=12,Z1H NUW LTV NELLY INTERV=12,11H NUN PASSI=16/4H 21-613,5H
1 PAR=[2)
IF(1J.LE.?) GO TO 237 : :
D9 236 NU=1,1J | N F 60 2222) ' 100
NNEsSINK(NU) ; AUMEVN=0 <
IFINNE.LT.JJ.AND. INK{NUSL).GE.JJ) GO YO 235 A
IF(NNE.LT.JJ.OR,NNE.GT.30) GC TO 236
WRITE(642222) EEPINU),NNE,(SPAZ(K) Kal,NNE),AST 214 J=1
6C 10 236 5 CONTINUE = ) ;
WRITE(6,1005) 221 00 10 M=1,TMAX
CONT INUE 10 KLIVIM)=1
1PR=] KINC=0
J=Jsl - LMAX=INT((ESUPLI)-EINF(J))/PASS(J)81.) |
WRITE(6,1005) ' 227 : IF1IMAX,GT,202) WRITE(6,3333) 18 %
00 261 M=1, IMAX , A 3333 FORMAT(10X,48FPASSO YROPPO PICCOLO OD INTERVALLO TROPPO GRANODE)
KMIF(M)s] NE=0 .
IF(J.LE.JMAX) GO TO S : IPR=]
WRITE(6, 100} 230 : Wi1)=0,
CONTINUE : 15 CONTINUE
STCP : DO 120 LF=1,LMAX

EP=FINF{JIAPASS{JI*FLOAT(LF)



http://IFtNNE.LT.JJ.0R.NNE.GT.30
http://IFfiMAX.GT.202

é
;
§
[
E

20

25
30

40
45

50
55

60
65

70
15
80

8s

90
95

100
10%
ah4h

PROB -~ EFN

i=}

DO 25 M=], TMAX

KDUP{M)=0

DIFF=EP-ELVII)

INDC=O

CO 7D (45,35,45,40,45,55),1C0DE
IF(IPAR(1)RJPAR(JI.NE.1} INDC=1
GG TO 45

09/14/70

SOURCE STATEMENTY - IFNIS) -

IFCIPARLT)AJPARIJ) CT.3.0R. IPAR(I)2JUPAR(J).EQ.1) INDC=1

IF(INDC.EQ.1) JOELTA=JDELTAAR2
D0 50 M=1,6
IF (ISPING Do M) .€Q.0) GO TC 80
DO SO MG=1,6
IFCISPIN(I,MG).EQ.0) GO TO 50

IFCTABSUISPINC IoMG)-JSPIN(J,M)) . LE. JOELTA) GO TO 55

CONT INUE

ARSOIF=ABSIDIFF)
IFIKIND.EQ.O) GO. TD 60

K=1

6N 7O 65

KsKLIVIE)
AMEZER=ERRLVI{ I )SERRLVIT])
D=ARSPIF-EGAM(IK)

F=SQr i { AMEZERAERRGANM(K ) *ERRGAM{K))
IF({ABS{D).LV.F) GO TO 85
1F(D) 75,175,170

K=Kl

IF{K-KMAX) 65,65,R0
KLIV(I)=K-1 -
IFIKLIVIT).LE.O) KLIV(I)=]
I=141 _
IFCINDC.EQ.1) JOELVA=JDELTA-2
IF(1.LE.IMAX) GO TO 30

GO 10 110

NE=NE&1

KNUP( T1=KDUPL 1)1
V=C#D/(F3F)
IF(KDUP(T).EQ.1) GO TO 9SC
IF(V.GT.RR) GO TO 100

W{ IPR)=W{ IPR)AV-RR

NE=NE-1

€0 10 95

WIIPR)=WI IPR)AY
VWIIPR,NF)=V

RR=Y '

KK{IPR,NE)=K

IT(IPR,NF)=]

G0 Tn 105

NE=NE-1

IFINF.GT.30) WRITE(6,4444} EP
FORMAT(3X,14H PER 1L VALOREF9.3,49H
1ENSION DI VV KK, 11)
1F(0.LT.0.01} GO TO 75
KLIVII)=K

KsKAl

[FLr-KMAX) 65,65, 80

TROPPI INCASTRI AUMENTARE DIM

185

231

110

115

120
125

126

127
5555

128
129
6666

130

131

133

135
136
137
138

7717

PROB - EFN

KINE=1

INKUIPR)=NE

EEPLIPR)=EP

IPR=[PRA]

NE=0

W(IPR)=0.

IF{IPR.GT.202) CO TO 125
CONTINUE

1J=1PR~1

NUM=0

WRITE(6,2222)

INCAB=1

DC 130 NuU=1,1J
IFCINKINU) LT INKMIN(J)) GO YO 126
NUM=NUMS1

CONTINUF

GC T0 (127,1268,129), INDASB
WRITE(6,5555) EEP(NV)
FORMAT{3X,11EDA ENERGIA=F9,.3)
INDAB=2
IFUINK{NU) S NEL INKINUAL) )} INDAB=3
TIFINU.EQ.IJ) GC TO 129
IFULINGAaB.EQ.2) GO TO 130
WRITE(6,6666) EFPINU), INK(NU)
FORMATI 26X, 16HFINGC AD ENERGIA=F9,3,11H
INDAB=1

CONT INUE

1yM=]

MAX=INK(1)

MAX1=0D

00 137 M=2,19

IFCINKI{M)I-MAX) 127,123,131
MAX=INK(M) .
[JM=M

GO 1O 136

NAE=INK({M)

00 135 MU=} ,NNE

1JMM=M

CONT INUE

GC 10 137

IFOCINK(M) ,GT ., MAX]1) MAX]1=0
CONTINVE
WM=W(TJM)/FLOCATLINK{TUMY)
WRITE(6,TTITT) EEPIIJIM) MAX W(TIM) WM,

SOURCE STATEFMENT - [IFN!3)

INCASTRI=I3)

09/14/170

2564

266

279

321

FORMAT(//10%,BFFNFRGIA=FJ,3,10H INCASIRI=13,17H SCMMA OFI NO/FF=FT7

1e4922H (DD/FF)/NUM INCASTRIZFT.4,12F NELLCIATY J=13/)

EARIC=0. -

SIGMA=0,

00 150 M=} ,MAY

1= 1 1™, MU)

KKK=KK{ TJVF, M)

VVVzVVIIJM,vU) :
D=ABS(EEPITJMI-ELVIITIN)-"GAM(KKK)

FSERRLV(TIT)®ERRLVIITIIAERRGAMI KKK ) $FRPGAM (KKK )

IFCELVITITD)GTLFEP(IJV)) GO 10 140
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09/14/70
PROB '~ FEFN SOURCE STATEMENT -~ IFN(S) -

BARIC=BARICA(ELV( I11)8EGAMIKKK) ) /F
GO TO 145
140 BARIC=BARICA(ELV(III)-EGAM(KKK))/F
145 SIGMA=SIGMARL./F -
R=SQRT(F)
WRITE(6,8888) TIT,ELV(III),KKK,EGAMIKKK) DyRyaVVV
8888 FORMAT{SX,2HI=I3,12K LIV NOTO=F9.3,5H K=13,14H TRANS GAMMAF9
1¢3,5H D=F8.3,5F F=FR.3,9H DOD/FF=F8.3)
150 CONTINUE
BARIC=BARIC/S IGMA
SQM=SQRT(1./SICMAD
. WRITE(6;9593) BARIC,3QM ‘
9999 FORMAT(/20X,19+ENERGIA BARICENTRO=F12.4,22H SCARTO QUADRC MED1O=F
19.4)
IF(MAX1.EQ.C) GC T0 160
MAX=MAX ]
1JM= [ JMN
MAX1=0
GO TO 138
160 INNULV=INNULVA1
NUMEVN=NUMEVMANUM
IF( INNULV.LT.NUNLVIJ)) GC TC 155
CALL PROBINUMEVN, JINF,J)
NUMEVYN=0
INNULV=0
JINF=y81
165 J=Ja1
IF(J.LEJMAX) GO TO S
ST3P
END

351
352

358

359 .

373

15
20

25

30
35

:’o

45

50
55

60
65

70
75

80
8

90

09/14/170
FIT - EFN SOURCE STATEMENT - IFN(S) -

SUBROUT INF PRCB(M,JVMIN,JFIN)
COMMON IMAX,KMAX, INKMIN({S50),ELV(70) ,ERRLVI70),ERAM(250) +ERRGAM( 250
1);EINFU50) ,ESUP(50) ¢NUMLY{50) {NUMPAS(50)
DIMENSION SITO0),TIT70) LMINITO),LMAX(TC),INECTO),LZ170)
J=JMIN
C={EGAM{KMAX)-EGAM{ 1)) /FLOAT(KMAX)
PROBMD=0.

EINCR=25.
ENERG=(EINF{JIAESUP(J) )/ 2.~-25.
NENFRG=0O

I=]

$(1)=0,

DELTA=ABS{ENERG-ELV(I))

K=]

INO=O

IF(DFLTA-EGAM{K)~-G) 15,20,20
EF{DELTA-EGAMI(K) .LT.0N,) GO T01 20
IND=1

D1=FGAMIK)~-DELTA

pD2=ABS(D1)

IF(D2-G) 3C,30,25

IF(D1) 35,35,40
S(I)=S(TISERRGAMIK)AERRLVIT)
K=K&1l

IF(K.LEF.KMAXY GO TC 20
IFUINDLEQeOQ) GO YO 45
Gl={GADELTA-FCAM(1)) /2.

GC TO 55

IFIDELTALGT.EGAM(KMAX)Y) GO TO 60
iF(DELTALG.GT.EGAMIKMAX)) GO TO 5
6I=G :
GC TO0 55 ’
GI=(GaCl1)/2,

SI=S11)/GY

GO 'TO 65

St{1)=0,

TtI)=1,-8(1)

I={al

IFL1.LE. iMAX} GO TO 10

RUA=}L,

00 70 Is=1,IMAX

RUA=RUA*TL(I)

N=INKMIN(J)

SUM=0,

LMIN(1)=1

LMAXI1)=IMAX-NA]

P IzRIIA

00 80 M=]1,N

INE(M)=0

MU=2 '
LVINIMU=LMINIVU-1)81
LEAXIMU)sLMAX I MU-1)41
LL=LMINI{MU-1)

IF(SILL)) 95,95,9C
PIsPIaSELLY/T(LL)




Rt o v = 2t o 1

09/14/70
FIT - EFN SOURCE STATEMENYT - IFN(S) -

G0 T0 100
95 INE(MU-1)=2
100 MU=MUR] .
IF{MU.LE.N) GO TO 85
00 105 M=i N
105 LZ(M)=LMIN(M)
INDA=O
DC 110 M=],N
110 INDA=INCASINE(M)
IF(INDA.GT.0) GO TO 115
P=P1
MU=RN _
LL=020mu)
P=PSSILLY/TILL)
SUM=SUMAP
115 MU=N
120 IF(LZ(MU).GE.LMAX(MU)) GO TO 125
LMEIN(MU)SLMIN(MY)RL -
GC TO 100
125 MU=MU-1
IF(MU.LE.O) GO TO 135
LL=LMIN{MY)
IF(S(LL)«GT.0.) GC TO 130
INE(MU) =0
60 10 120
130 PI=PI*T(LL)/S(LL)
GO 70 120

135 WRITE(6,111) ENERGyNoJ, SUM v ' o 147

111 FORMAT{ /10X,21HALL'ENERCIAFB.2y4H CONI2,21H lNCASVRl NELL'INT J=Ii
12,19H LA PRNOBARILITA® E*EL2.7//)
NENERG=NENERCS1
PRORMC=PROAMNA SUM
ENERG=ENERGAE INCR
IF(ENFRG.LT.ESUP(J)B25.) GO TO 5
IF(J.EQ.JFIN) GO TO 140
J=J41 )
GC 70 5
140 PR0OBMD=PROEBMD/FLOAT{NENERG)
WRITE(6,222) PROBMD,EINF{JIMEN) o ESUP({JFIN),NENERG : 158
222 FCPIAT(//5%Xs 1BHPROAABILITA MEDIA=EL12.7,15H FRA LE ENERGIF2F9.3,11H
1 MEDIATA SUI3,7F VALCRI/Z/)
CALL PCISONI{PROBMT M, JNMIN) 101
RETURN S
END

‘ 09/14/70
MAT - EFN SOURCE STATEMENT - [IFN(S) -

SUBROUT INE POISONI(P,NU,J)

CCMMON IMAX ,KMAXy INKMIN{50),ELV(T70) yERRLV(T70) ,EGANI250) ,ERRGAM{ 250

1} EINF{50),ESUP(50) yNUMLVIS50)  NUMPAS(50)

ENNE= P*FLOAT(NUNPASIJ)I

ENU=ENNE*FLOAT (NU¥LV(J)}) /FLOAT(ANU)

PRGBFN=0.

PRCENY=0,

EMME=1,

EXPNU=EXP(ENU)

DG 10 M=1,20

EMMNE=EMME*FLOAT(M)

PR=(ENU**M ) /{ EXPNU*EMME)

PROBNY=PROEBNYAPR

IF(M.LT.NUMLVLIJ)) GC TO 10

PROBFN=PROBFNAPR

PR=PR#1000,

IF(PR.LT.PRABNY) CO TO 20

10 CONTINUE

20 WRITE(6,111) NU, INKMIN(J),J,FENNELENU
111 FORMAT(//3X,3HCONT4,18H VGLTE CHE VI SONOI2,28H O PIU® INCASTRI NE

LLLYINT J=13,7H CON N=FG,.4, l3H NU-N'NUIEHHEF10.7ID

PRUOBNY=PROBNY*100.

PROBFN=PROBFN*100.

WRITE(6,222) PRCBNY
222 FORMAT{3X,49KLA PROBABIL ITA* CHF UN LIVELLO SIA CASUALE E* DELF10.

15, 10H PER CENTO/)

WRITE(6,333) NUMLV(J),PRCBFN
333 FORMAT(3X,20HE QUELLA -CHE TUTTI EI3,31H 1 LIVELLI SIANO CASUALT E°

1 CELFi0.5,10H PER CENTO///)

RETURN

END

19
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