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1 - Introduction 

One of the most suitable methods for investigating the nu 

clear level structure is the analysis of the y-ray spectre 

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

diative isotopes* In spite of the complexity usually shown by 
* 

these spectra it is possible to observe and analyse correctly 

a large number of y-ray lines (tipically 7100) with increas

ing precision, due to the development of high resolution 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 level scheme 

inserting in it more than a small number of transitions by 

means of coincidence experiments. 

Then, starting from the knowledge of the energies of a small 

number of levels and of a large number of transitions one oan 

try to construct a decay scheme by the Ritz combination prin 

ciple. In the present paper such a method is described in de 

tail and some results obtained for the reaction Cl(n(y) are 

reported. 

The computer programs arranged for this purpose are de

scribed in section 2. Zn section 3 we report the method used 

for obtaining precise energy measurements. The application of 
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the Ritz method to the construction of the CI level scheme 

is described in section 4. 

2 - Computer codes 

The computation are carried out by the programs PLOT and 

PROB. The procedure starts from some known levels of energy 

ET + ÓE. and from the v-ray energy E + 6 E . The program 
h h ' Y Y 

PLOT calculate for some discrete values of energy E how many 

times combinations (E^E ) such that IJE-EJ-E 1 2^(óE2+óEL) 

are obtained. 

The energy values E should vary in the chosed interval by steps 
2 2 of lenght* smaller than the smallest value of (6B, + 6£ ), 

If more than a preset number of combinations is found for one 

of these values that energies is considered as a possible new 

]evel. 

Because of the condition imposed to the lenght of the steps 

this will usually occur for several neighbouring values. The 

plot of the number of combinations vs. energy, provided by the 

program will thus show a number of peaks corresponding to the 

possible levels on a continuous backgrounds this is due to 

the finite errors of the energy measurements that give rise 

to accidental combinations. If the spin I. and If parities %. 

and nf of initial and final states are known as wel7. as the 

multipolarity L of the transitions the program check if the 

relationship 

lz • L ^I f^(l x-L) 

ars «--il « nf 

3 

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 strongly 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 problem. 

A computer code, PROB, was developed in order to calculate by 

means of a self consistent procedure, the energy of the levels 

as a weighted mean of the single values provided by pair 

(%,,£ ) where E L is a known level connected to the naw level 

by the transition Ey. 

The program calculates also the probability of the level can

didate toeing purely accidental. The method is similar to 

that proposed in Ref. 1) and will not be described in detail 

here. 

A list of PROB an PLOT program are reported in Appendix. 

3 - Analysis of y spectra 

In the sample treated the capture y-r&y spectrum measure-
35 (2) 

ment in CI was performed by means of a Ge(Li)v 'spectrometer. 

The resolution was*, 4 Kev at 1.3 MeV and^10 Kev at 7 MeV. 

The measurement of the energies was carried out in the follow 

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

ne target and some calibration sources (Ce137, Y , Ma22)sfrom 

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

5617.91, 6396.93 Kev were used for calibration purpose by ir

radiating a mixed target of Cl+fla. 

The energy of the most intense lines of 36C1 wa» calculated by 
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means of best fit with a fourth order polinomials. 

The estimates of error 6£ attributes to each energy value £ 
y y 

was calculated evaluating the error in the peak position and 

the quality of the fit. The energies of the weaker lines were 

obtained 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 

To construct the decay scheme of CI a iterative procedu 

re was used. Prom coincidence measurement and (d, p) studies 

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 

33^ 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 probability higher than 65# . 

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

m&mmmmmmmmmmmmmimimmmmm 

5 

levels have probability to be true higher than 65* x as an 

exception the lavai at 4139.2 was accepted for his strong 

agreement with the (d,p) experiment. Moreover 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 El, Ml 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, 3t this 

results was obtained taking also into account the restriction 

imposed by the angular momentum conservation for the levels 

for which the 1 values 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 chlorine. 

Table II - Intensity balance for the lowest lying levels. 

correction for electron losses have been neglect^ 

ed. 
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Table 1 (continued) 
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43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

58' 

59 

60 

61 

62 

62' 

62" 

> 

4685.1+1.4 

4617.0+1.0 

4589.6+1.2 

4548.6+1.2 

4525.3+1.1 

4441.8+1.0 

4416.9+1.3 

4378.6+1.0 

4337.5+1.4 

4299.6+1.0 

4207.4+1.8 

4140.1+1.3 

4128.7+1.3 

4114.8+1.3 

4083.6+0.8 

4057.4+1.2 

4047.2+1.5 

4033.1+2.4 

3999.6+1.2 

3981.4+1.2 

3965.7+1.2 

3914.5+1.5 

3883.8+1.5 

I
 Y 

(y
/1
00
 c
a
p
)
 

0.06 

0.55 

0.24 

0.49 

0.40 

0.91 

0.33 

0.10 

0.19 

0.46 

0.15 

0.16 

0.05 

0.04 

0.50 

0.75 

0.11 

0.15 

0.12 

1.10 

0.43 

0.13 

0.09 

Y 
t
r
a
n
s
i
t
i
o
n
 

63 

64 

65 

66 

67 

68 

69 

70 

70» 

71 

72 

72» 

73 

74 

75 

76 

77 

78 

79 

80 

80 • 

81 

82 

>*> 

M 

3858.7+1.6 

3823.4+0.7 

3775.2+1.3 

3756.4+1.2 

3748.0+1.2 

3737.6+1.2 

3707.2+1.6 

3662.2+0.8 

3650.2+1.1 

3636.8+1.1 

3628.8+1.1 

3616.8+l.r 

3601.4+1.2 

3585.6+1.1 

3562.5+1.1 

3548.0+1.1 

3525.5+1.1 

3511.8+1.1 

3500.4+1.1 

3465.3+1.2 

3445.5+1.5 

3429.1+0.6 

3371.4+0.6 

I
 Y 

(
y
/
l
o
o
 c
a
p
)
 

0.22 

1.56 

0.25 

0.10 

0.22 

0.27 

0.23 

0.26 

0.13 

0.28 

0.28 

0.16 

0.93 

0.82 

1.04 

0.10 

0.05 

0.18 

0.31 

0.10 

0.10 

0.89 

0.47 
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Cable 1 (continued) 
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85 
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88 

89 

90 
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92 

93 

93' 

94 

95 

96 

97 

98 

99 
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> 
>• a> 

3350.1+1.1 

3332.3+0.6 

3310.8+1.1 

3287.6+1.1 

3267.9+1.1 

.3248.2+3.3 

3214.6+1.1 

3199.9+1.4 

3161.0+2.6 

3135.1+1.1 

3114.6+0.5 

3088.3+1.1 

3061.0+0.5 

3015.5+0.5 

2996.6+0.5 

2973.1+0.5 

2922.5+1.1 

2896.5+0.7 

2863.4+0.4 

2843.9+0.9 

2808.2+1.5 

2799.5+1.5 

2755.4+1.2 

P. 
«t 
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M O 

rH 
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>-

0.14 

0.52 

0.16 

0.13 

0.13 

0.23 
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0.14 
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0.10 

3.07 
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0.34 
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>- > 

2705.7+1.0 

2676.5+0.4 

2649.5+1.1 

2622.5+0.5 

2592.3+1.0 

2578.6+1.0 

2557.1+1.0 

2534.3+0.6 

2517.5+1.0 

2491.0+0.4 

2468.4+0.3 
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1716.8+1.5 

1641.2+0.7 

1601.1+0.2 

1327.3+0.4 

1266.5+0.5 

1164.9+0.2 

1131.4+0.3 

789.3+0.3 

786.5+0.3 

632.5+0.4 

517.0+0.2 

436.4+0.3 

358.5+0.4 

291.9+0.3 
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© 
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0.22 

0.51 

3.00 

1.06 

0.10 

23.90 

1.66 

10.80 

13.00 

0.19 

21.90 

0.83 

0.18 

0.21 

A 

Table 2 

E .+ÓE . 
Y l - Y 1 

(keV) 

2622.6+0.5 

4442.1+1.0 

4617.3+1.1 

6113.6+0.9 

6621.4+0.8 

6980.5+0.5 

7416.4+0.5 

7792.7+0.5 

8581.9+0.7 

E 0+6E 
Y2 Y2 

(keV) 

5958.6+0.4 

4139.3+0.3 

3964.9+0.4 

2468.6+0.2 

1959.6+0.2 

1601.2+0.2 

1164.9+0.2 

789.3+0.2 

Q + 6Q 

(keV) 

8581.2+0.6 

8581.4+1,0 

8582.3+1.1 

8582.2+0.9 

8581.0+0.8 

8581.7+0.5 

8581.3+0.5 

8582.0+0.5 

8581.9+0.7 
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Figures caption 

Fig. 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 

of the levels, spin and parity are also reported. 
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^utakiUii - - • • • • • • . . . - • • ^ ^ - ^ • • • ^ • v . ' „.4Ì" 
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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 

finerèy levels with their errors and spin. One level for card 

Format 2F 8.3, 7 1 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 i>eed the same first three cards for the PROB program. 

The fourth card must contain: boundary limits of the energy 

region analysed, step width, number of combinations with the 



Il 

probe level E, number of levels in the energy region 

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

level 

Format 2F 7.2, F 6.3, 3 I 10, 7 I 4 

The interval G should be large enough to include many 

combinations, so that it gives a good average value. 

The FORTRAN of the program PLOT is reported in fig. 2A. 

/ The FORTRAN of the main program of PROB is reported in 

fig. 3A: in fig. 4A and 5A are reported the subroutine PROB 

and POISON. 

1 
a. 
i 

1 
s~ 

1 
z 
Q. 

CM 

c* 
•* 

<0 

MEM ÉÉÉÉiitÉfiH^B 



04/01/70 
FUTA! - EFN SOURCE STATEMENT - IFNISI -

C GRAFICO NUMERO INCASTRI VS ENERGIA LIVELLO 
DIMENSION ENI 90»,DEN(90»,E(250),DE<250),EINF<99),ESUP(99>,PASSI99: 
DIMENSION IPAR(100),JPAR(100),ISPIMIOO,6),JSPIN(100,6) 
DIMENSION I NK(5000)»EEP(5000),KM IFf100),SPAZI 30) 
REAC(5,1U1) AST,(SPAZ(L),L= 1,30) 
READ15,1000) IMAX,KMAX,JMAX,JJ,INDICE,JOELTA,INRINC 
READ!5,1002)(ENI I ),DEN( I),(ISPINJI,LI,L*i,6),IPARI1),1*1, IMAXÌ 
READ(5,3001)(E(K),DE(K),K*l,KMAX) 
REAOI5, 1004 )(EINF(JI,ESUP(J),PASSI J),(JSPINIJ,L),L*1,6),JPAR(J),J* 
11,JMAX) 
IFUNRINC.NE.O) REA0(5,1003) VALRIN 
IFt INRINC.EQ.OGQ TO 2 
00 A99 K=1,KHAX 

499 E(K)=E(KME(K)',E(K)/VALRIN 
2 WR1TE(6,222> IMAX,JMAX,KMAX 

HRITE16,10051 
WRITE(6,333)1 ENI I ),DENCI),(ISPINI I,LI,L-i,6),IPAR(I),1*1,IMAXl 
WRITE(6,444) 
WRITE(6,1008)(E(K),DE(K),K=1,KMAX) 
WRITE(6,1005) 
W R l T E ( 6 , 5 5 5 M E I N F ( J ) , P A S S ( J ) , E S U P ( J ) , < J S P I N ( J , l ) , L * l , 6 ) , J P A R ( J > , j * 

l l . J M A X ) 
h R I T E ( 6 , 7 7 7 7 ) INDICE 
WRITEC6,100) 

100 F 0 R M A T ( / / 8 X , 7 K I V E L L 0 , 9 X , 8 8 H 1 2 3 4 5 6 7 8 9 10 11 12 13 
114 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 3 0 / / ) 

222 F 0 R M A T I / / 2 X , 5 H I M A X = , I 3 , 5 X , 5 H J M A X = , I 3 f 5 X , 5 H K M A X * , I 3 ) 
333 F0RMAT(3(1X,3HLV=,F8 .3 ,4H E R * , F 4 . 2 , 4 H 2 I * , 6 I 2 , 5 H PAR* ,11)1 
444 FORMAT(//2X,22HTRANS GAMMA CON ERRORI) 
555 F0RMATI2(1X,8HLIM I N F * , F 7 . 2 , 7 H PASSO*,F4.2 ,5H S U P * , F 7 . 2 , 6 H S P I N - , 6 

112,5H P A R 3 f I 2 ) l 
1000 FORMATI 1615) 
1001 FORMATI10F8.3I 
1002 F0RMAT(2F8.3,714) 
1003 FCRMAT15FÌ5.3) 
1004 F0RMATI3F7.2,29X,714) 
1005 FORMATI//) 
1008 F0RMATU4F9.3) 
1009 F0RMATU2F10.3) 
1111 FORMATI26A3) 
2222 F0RMAT(3X,F12.3,14,31A3) 
3001 FORMATC2F10.3) 
3333 FORMAT(5X,48HPASS0 TROPPO PICCOLO 00 INTERVALLO TROPPO GRANDE) 
7777 FORMATI//5X,24HCO0ICE REGOLA SELEZ IONE=, 12) 

J*l 
5 CONTINUE 

LMAX = INT((ESUP(J)-EINF(J))/PASSU) 41.) 
IF(LMAX.GT.9O00) WRITE(6,3333) 
IND=0 
NE=0 
IPR*1 
DO 234 LF*1,LMAX 
EP*EINF(J)4PASS(J)*FL0AT(LF) 

41 1*1 
49 DELTA=EP-EN(I) 

1 
8 
16 
29 

37 
51 

66 
67 
68 
81 
82 
90 

91 
105 
LQ6 

112 
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50 

51 
53 

54 
55 

71 

75 
91 

132 
133 

1*0 
160 

205 
210 

230 
232 

233 
234 

235 
236 
237 
260 

261 

400 
500 

INDC*0 
60 TO 153,50,53,51,53,55»,INDICE 
IFUPARtll&JPARUI.NE.l) IN0C»l 
GO TO 53 
lFf IPAR(IUJPAR(J) .GT.3.0R. IPARiI IAJPARtJ| .E0.1I IN0C>l 
IFUNDC.EQ.11J0ELTA-J0ELTAA2 
00 54 L«1.!0 
1FUSPINI J .U .EQ.O) CO TO 210 
00 54 LG*l , iO 
IFUSPINt I,LG).EQ.O) GO TO 54 
IFIIABS<ISPIN<I,LG)-JSPIN(J,L)).LE.JOELTAI GO TO 55 
CONTINUE 
ABSDEL*A8S(0ELTA) 
IFUNDJ500, 71,75 
K»l 
GO TG 91 
K-KMIFU) 
D*ABSDEl-EIK) 
F*SQRT(0FNt I ) *DENtmOEfK)*DEfK) ) 
C-ABSI01-F 
IFIC1 140,132.132 
IFtO)160v160,133 
K«K*1 
IF(K-KMAX)91,91,210 
NE*NEAl 
KMIF I IWK- l 
IF fKMIF( IH205 ,205 ,210 
KMIF(I)«1 
I-IA1 
IFUNDC.EQ.l)JDELTA«JDELTA-2 
IFU- IMAX)49,49 ,230 
IN0»1 
INMIPR1-NE 
EEPUPR»»EP 
IPR*IPRA1 
NE*0 
CONTINUE 
IJ»IPR- l 
IF( IJ .LE.?) GO TO 237 
00 236 N U » i , U 
NNE*INK(NU) 
IFINNE.LT.JJ.AN0.INKINU4II.GE.JJ) GO TO 235 
IFtNNE.LT.JJ.0R.NNE.GT.30) GC TO 236 
WRITE 16,22221 EEPtNU),NNE,(SPAZtK),K*l,NN€>,AST 
GC TO 236 
WRITEI6,10051 
CONTINUE 
IPR»l 
J«JA1 
WR1TE(6,1005) 
00 261 M*I,IMAX 
KPIF(M)»1 
IFU.LE.JMAX) GO TO 5 
WRITE<6,100) 
CONTINUE 
STCP 

172 

214 

221 

227 

238 

MÙUMÌÉÉÉM 
mmÉÈM 

09/14/70 
PROB - EFN SOURCE STATEMENT - IFNISI -

C RICERCA NUOVI LIVELLI METODO INCASTRI E CALCOLO PROBABILITÀ* CHE IL LIVELLO 
C SIA CASUALE 

MJHMCN IMAX,KMAX,INKMINI50),ELVI701,ERKLV!?«),EGAM!2501,ERRGAM(250 
l),EINF(50),ESUP(50),NUMLVf50l,NUMPAS(5Q) 
OIMFNSION W(2021,INM?G2!,EEtM 202) ,KLIVI 701,KDUP(7Cl tVVt292,30) 
DIMENSION ISPINt 7 0 , 6 L I P A R I 7 0 1 , JSPINI50,61 .JPARt501 .PASSI50I 
OIMENSION K M 2 0 2 , 3 0 ) , I I C 2 0 2 , 3 0 1 
READ(5,111I IMAX,KMAX,JMAX,IC00E,J0ELTA,INR1NC l 

111 F0RMATI16I51 
REA015.222) C E L V f ! ) , E R R L V I I ) • ( I S P I N t I , L ) , L « 1 , 6 ) , I P A R t I ) « 1 * 1 , I M A 1 ) 6 

222 F0RMATIF8.3,FB.3,7l4) __ 
REAC(5,333) <ECAM{K),ERRGAM(K),K*1,KMAX) 21 

333 F0RMATI2F10.3» 
REA0(5,444) IEINFIJl,ESUPtJl«PASSIJ),INKMINtJ),NUMLV(J).NUMPAStJ)• 

l ( J S P I N t J , L ) , L * l , 6 ) , J P A R ( J ) , J = l , J M A X ) 29 
444 FQRMATf2F7.2,F6.3,3I l0«714) 

1F(INRINC.EQ.O) GO TO 2 
REA0(5,555) VALRIN 48 

555 FQRMAT15F15.3I 
OC 1 K*1,KMAX 

1 EGAM(K1»EGAM{KI4EGANIKI*EGAMIK1/VALRIN 
2 WRITE(6,666)IMAX,KMAX,JMAX,1C0DE,J0ELTA,INRINC 59 

666 FORMAT*//10X,7HNUM LV* I3 ,9H NUM GAM*I3,9H NUM INT>I3,14H CODE REG 
1SEL = 2 I2 ,22H INIZ GAM OA TOGL IF«EM 3.9H RINCUL0*!2 / / ) 
WRITE(6 ,777 ) (ELV( I I ,ERRLVI t l , ! [SPINI I , L I , L « l , 6 l , I P A R I 1 1 , I - I , I M A X 1 60 

. 777 FORMATO! IX ,3HLV- .F8 .3 ,4H ER>,F4.2,4H 2 1 » , 6 I 2 , 5 H PAR« ,MH .._ 
WRITEI6,888) _ _ _ _ _ ' _ _ _ U L 

888 F0RMAT(//2X,28HTRANSUI0M GAMMA CON ERROR I I 
WRITE(6,999)CEGAMtK),ERRGAMtK),K=l,KMAX) 74 

999 F0RMATI14F9.3) 
WRITE(6,2222) 82 

2222 FORMAT*//) 
WRITEC6, U l l l l E I N F U I , E S U P f J),PASS(J)«INKMIN!J),NUMLV{J),NUMPAS<J) 

l , ( JSPINfJ ,L» ,L» l ,61 ,JPARfJ l tJ *1 ,JMAX) 83 
1111 FORMATI 2X,8HLIM INF*F7.2,9H L i * SUP»F7»2,7H PASS0*F5.3,13H NUM I 

INK M I N = I 2 , 2 1 H NUM LIV NELL'INTERV>I2, l lH NUM PASSI- I6.4H 2 I - 6 I 3 . 5 M 
l PAR=I2I 
WR1TE(6,2222) 100 
J INF«l 
*UMEVN*0 
INNULV'O 
J * l 

5 CONTINUE 
00 10 M«l,IMAX 

10 KLIV(M)«l 
KINOO 
LMAX«INTHESUPIJ)-EINF<J)) /PASS(JM1.) 
IFf iMAX.GT.202) WRITEI6,33331 117 

3333 FORMATIIOX,48FPASSO TROPPO PICCOLO 00 INTERVALLO TROPPO GRANOE) 
NE«0 
IPP.»1 
K f l ) * 0 . 

15 CONTINUE 
DO 120 LF*1,LMAX 
EP«fINF|J)*PASSCJ)*FLQAHLF) 

http://IFtNNE.LT.JJ.0R.NNE.GT.30
http://IFfiMAX.GT.202
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20 

25 
30 

35 

40 
45 

50 
55 

60 

65 

70 

75 

80 

85 

90 
95 

100 
105 

4444 

00 25 M*1,IMAX 
KDUPfM)=0 
D I F F = E P - E L V t I I 
INOC^O 
60 TO 1 4 5 , 3 5 , 4 5 , 4 0 , 4 5 , 5 5 1 , I C O O E 
I F I I P A R f I l A J P A R t J I . N E . i l IN0C«1 
GO TO 45 
IF f IPARt I l A J P A R t J l . G T . 3 . O R . I P A R f I I A J P A R f J l . E Q . i l I N D O I 
I F t l N O C . E Q . U JDELTA=JDELTA«2 
DO 50 M ' 1 , 6 
I F t J S P I N f J , M ) . E Q . O > GO TC 60 
DO 50 MG=1,6 
I F I I S P I N f I , M G I . E Q . 0 1 GO TO 50 
IFUABSf ISPINf I .MGl -JSPINf J , M ) I . L E . J D E L T A I GO TO 55 
CONTINUE 
«BSOIF'ABSIOIFF) 
IF (K INO.EQ.O) GO TO 60 
K» l 
GO TO 65 
K - K L I V m 
AMEZER*ERRLV( I)*ERRLVtI» 
0«APSPIF-EGAM(K) 
F S S Q K I ( A M E Z E R X E P R G A M ( K ) 4 > E R R G A M ( K | | 
I F I A B S ( 0 ) . L T . F I GO TO 85 
I F f D I 7 5 , 7 5 , 7 0 
K*K*L 
IFfK-KMAXI 6 5 , 6 5 , 8 0 
K L l V f I I » K - l 
I F f K L l V f I I . L E . O I K L l V f l l » ! 
I » I A 1 
I F f l N O C . E Q . i l J0ELTA*JDELTA-2 
IFf I .LE . IMAX1 GO TO 30 
GO TO 110 ^ 
NE-NEAl 
KOUPt I I 'KOUPf I I A 1 
V * C * D / f F * F ) 
I F f K D U P f l l . E Q . i l GO TO 9C 
IF fV .GT .RR) GO TO 100 
W( IPRl*Wf IPRMV-RR 
NE«NE-l 
GO TO 95 
Wt IPR)*Wf IPRIAV 
VVf IPR,NF I«V 
RR*V 
KM!PR.NEI=K 
I I f l P R , N F J * I 
GO TO 105 
NE«NE-1 
I F f N F . G T . 3 0 ) H R I T E f 6 , 4 4 4 4 1 iP 
F0RMATf3X,14H PER IL VAL0REF9.3,49H TROPPI INCASTRI AUMENTARE DIM 

1ENSI0N 01 V V , K K , 1 I I 
I F f C . L T . 0 . 0 1 1 GO TO 75 
KLIVf I ) »K 
K - M l 
IF ( r -KMAX) 6 5 , 6 5 , 8 0 

185 

231 

'-" - - • ••<•"•• • L - > ' J I I " * * - • * * ! . . , . . . . i | f f [ ^ ( | ' , | ^ , ^d^É^UUt fAdr i •MiM^ÙÙMttiaÉaiùilkÉiìlitt^luuu^^ÉM màMé 
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110 KINC=1 
1NKUPPI=NE 
EEPI!PRI=EP 
IPR-IPRA1 

115 NE=0 
W(lPR|=0. 
IFf IPR.GT.2021 GO TO 125 

120 CONTINUE 
125 IJ=IPR-l 

NUM=0 
WR!TEf6,2222) 254 
INCAB-1 
00 130 NU=1,U 
IFf INKINUl.LT.INKMINtJ I I GO TO 126 
NUM=NUM«1 

126 CONTINUF 
GG TO f127,128,1291,INDA8 

127 WRITEI6,55551 EEPINUI 266 
5555 FORMATf 3X,HHDA ENERGIA=F9. 31 

INOAB-2 
128 I F I I N M N U I . N E . I N K f N U A l l ) INDAB*3 

I F t N U . E Q . I J I GC TO 129 
I F f I N C f l B . E Q . 2 ) GO TO 130 

129 WRITFI6,66661 EFPfNUI,INKfNU1 279 
6666 FORMATI26X,16HFINO AO ENERGIA«F9.3,1IH IKCASTRI*I3I 

IN0AB=1 
130 CONTINUE 

IJ"»=1 
H A X M N K f l ) 
MAXI=0 
00 137 M»2, IJ 
IFfINKtMl-MAXl 117,133,131 

131 MAXMNKfM) 
IJM=M 
GO TO 136 

133 NKEMNKfM» 
00 135 MU*l ,NNE 
IFI ITfM,MU).NF.I!UJM,MU)) MAXI* INKf Ml 
IJMM=M 

135 CONTINUE 
GO TO 137 

136 IF f I N K ( * 1 . G T . M A X I ) MAXl-0 
137 CONTINUE 
138 WM»Hf U M I / F L H A T f I N K f U M I ) 

M R I T E I 6 , 7 7 7 7 1 EEPf I J M I » M A X , M IJM1 , * * , J 321 
7777 F0RHAT( / /10X ,RFFNFRGIA»F9 .3 ,10H INCASTR1*13,17H SCMMA OFI 00 /FF«F7 

1 .4 ,22M fOO/FFI /NUM INCASTR! *F7 .4 ,12H KELLMKT J * I 3 / I 
C A R I C O . 
SIGMA'O. 
DO 150 MUM,MAX 
i i i M i i i j M v m n 
KKK'KKf IJM, *L ' I 
W V « V V ( I J M 9 « U 1 
0 * A 8 S f E F P f I J M l - F L V l I I 111 - rGAMfKKKI 
F»E*RLVfIII)»6RRLVf111l*£RRGAM(KKKl*FRPGAM|KKKI 
IF IFLVf I I I I . G T . F E P f I J M H GO TO 140 

http://IFIIPARfIlAJPARtJI.NE.il
http://IPARfIIAJPARfJl.EQ.il
http://IFflNOC.EQ.il
http://IFfKDUPfll.EQ.il
http://IFfNF.GT.30
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BARIC*BARIC*(ELV( I I I )AEGAMIKKK)) /F 
GO TO 145 

140 BARIC«BARICA(ELV( im-EGAM(KKK)) /F 
145 SIGMA»SIGMA«1./F 

R«SQRTIF) 351 
WRITE(6,888R) I ! ! ,ELV( 111) ,KKK,EGA*(KKKI ,0 ,R,VVV 352 

8888 F0RMAT(5X,2HI« I3 ,12H LIV N0T0«F9.3 ,5H K * I 3 , 1 4 H TRANS GAMMAF9 
1 -3 ,5H D=F8.3,5H F=FR.3,9H 0D/FF=F8 .3 ) 

150 CONTINUE 
BARIC*BARIC/S!GMA 
SQM*SQRT(l«/SIGMAi 358 
WRlTEt6,9«;9<n BARIC,iQM 359 

9999 F0RMAT</20X,19HENERGIA BARICFNTR0*F12.4,22H SCARTO QUADRO ME0IO«F 
1 9 . 4 ) 

IF(MAXI.EQ.C) GG TO 160 
MAX*NAX1 
IJM-IJMM 
MAX 1*0 
GO TO 138 

160 INNULV*INNIJLVA1 
NUMEVN-NUMEVNANUM 
IFt INNULV.LT.NUMLVU)) GC TG 165 
CALL PROBfNUMEVN,JINF,J) 373 
NUMEVN«0 
INNULVO 
JINF»J*1 

165 J-JA1 
IF(J.LE.JMAX) GO TO 5 
STOP 
ENC 

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

SUBROUTINE PRCBfP,JPIN,JFIN) 
COMMON IMAX.KMAX,INKMINf50),ELVf70).ERRLVI70),EGAM(250)fERRGAMI250 
l)tEINF(50),ESUP(50),NUMLVf50)tNUMPAS(50) 
OIMENSION S(7Ò),T(70),LMIN(70)fLMAX(7C),INEI70),LZf70) 
J-JMIN 
G*(EGAM(KMAX)-EGAM(1))/FLOAT(KMAX) 
PROBMD»0. 
EINCR*25. 
ENERG*IEINFU)3ESUP(J))/2.-25. 
NENFRG'O 

5 I«l 
10 SII)*0. 

OELTA«ABS(ENERG-ELVI I)) 
K»l 
INO'O 
IF(OFLTA-EGAMfK)-G) 15,20,20 

15 IF(OELTA-EGAM|K).LT.O.) GO TO 20 
IND=1 

20 01*FGAMfK)-0ELTA 
02»ABS(0 l ) 
I F I D 2 - G ) 3 0 , 3 0 , 2 5 

25 I F ( D 1 ) 3 5 , 3 5 , 4 0 
30 $ ( I ) * S ( I ) i E R R G A M ( K ) A E R R L V ( I ) 
35 K=K«1 

IF IK.LF.KMAX! GO TO 20 
•0 I F U N O . E Q . O I GO TO 45 

G1* IG4DFLTA-FGAM<1)) /2 . 
GG TO 55 

45 IF(OELTA.GT.EGAMCKMAX)) GO TO 60 
iFIDELTAAG.GT.EGAMIKMAXh GO TO 50 
GI»G 
GC TO 55 

50 G I - I G A O l t / 2 . 
55 S ( U * S I I ) / G I 

GO TO 65 
6 0 S ( I ) * 0 . 
65 T I 1 I « 1 . - S I I ) 

I-IAl 
I F C I . L F . i M A X ) GO TO 10 
RUA»1. 
DO 70 I « 1 , I H A X 

70 RUA«RUA*TU) 
N* INKMIN(J) 

75 SUM«0. 
L M I N I D » ! 
LMAX( l ) - IMAX-NAl 
PI*RUA 
00 80 M*1,N 

80 INEIMJ-0 
MU«2 

85 I P I M M U l ' L M l N f P U - l M l 
LMXfMU)*LMAX(» IU~U«l 
tL *LMINCMU-U 
I F f S I U M 9 5 , 9 5 , 9 C 

90 P I « P ! * S ( I U / T U L » 
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60 TO 100 
95 INEIMU-11*2 
100 MU*MUA1 

IFIMU.LE.N) GO TO 85 
0 0 105 H«1,N 

105 LZ(MI«LMIN|M| 
IN0A»O 
OC 110 H=1,N 

110 INDA*INCA«INECM) 
IFIINOA.GT.O) GO TO 115 
P«PI 
MU»N 
LL=LZ!MU» 
P=P*S(LLl/TILL I 
SUM=SUM4P 

115 MU»N 
120 IF(LZ(MUI.GE.LMAX(MU)) GO TO 125 

LMIN(MUI»LMIN(MUIAl 
GC TO 100 

125 MU»MU-1 
IF fMU.LE.OI GO TO 135 
LL*LMINIMU1 
I F I S C L D . G T . O . ) GO TO 130 
INE(MIM=0 
GO TO 120 

130 P I = P I * T ( L L ) / S ( L L ) 
GO TO 120 

135 W R I T E ( 6 , i m ENERGfNtJ.SUH 147 
111 FORMATI / 1 0 X , l l H A L L ' t N E R G I A F 8 . 2 , 4 H CONI2.21H INCASTRI NELL1 INT J » I 

12.19H LA PROBABILITÀ» E « E 1 2 . 7 / / | 
NENERG=NENEPG*1 
PROBMD=PROBM0«SUM 
ENERG«ENERG*EINCR 
I F I F N E R G . L T . E S U P U M 2 5 . I GO TO 5 
I F ( J . E Q . J F I N ) GO TO 140 
J » J U 
GC TO 5 

140 P^OBMO*PROBM0/FLOAT(NENERGI 
WRITE(6 ,222t PROBMOtEINFIJMiNI,ESUP|JFIN»,NENERG 158 

222 FC« IAT( / /5X , l8HPR08A8IL! ' rA MED1A*E12.7,15H FRA LE ENERGIE2F9«3,11H 
1 MEOIATA SUI3.7 I - V A L C * ! / / » 

CALL PGISOMPROBMD,M,JMIN) 161 
RETURN 
ENO 

' , 09/14/70 
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SUBROUTINE POISON(PtNU,J I 
COMMON IMAX,KMAX,INKMIN(50),ELVt70!,ERRLV(70).EGAMt250),ERRGAM(250 
1),EINF(50),ESUP(50),NUMLV(50),NUMPAS(50) 

ENNE=P*FLOAT(NUMPAS!J ») 
ENU=ENNF*FLOAT(NU*LVU))/FLOAT!KUI 
PRC8FN=0. 
PRCPNY=0. 
EMME=1. 
EXPNU=EXPIENU> 4 

DO 10 M = l t 2 0 
FMHE=EMME*FLOAT(M) 
PR»(ENU**M)/fÉXPNU^EMME) Ì " 
PR0BNY»PROBNYAPR 
IFIM.LT.NUMLVCJI» GO TO 10 
PROBFN=PROBFNAPR 
PR»PR*1000. 
IF(PR.LT.PRQBNY) GO TO 20 

10 CONTINUE 
20 WRITE(6 ,111 ) NU, INKMIN(J ) ,J t FNNE,ENU \q 

111 FORMAT!/ /3X,3HC0N14,18H VGLTE CHE V I S0N0I2»28H 0 PIÙ* INCASTRI NE 
ILLMNT J « ! 3 , 7 H CON N»F9 .4 ,13H NU-N*MU/EMMEF10.7/) 
PROBNY*PROBNY*100. 
P«0BFN=PROBFN*10O. 
HRITE(6.222) PR08NY 21 

222 FORMATI3X.49HLA PROBABILITÀ* CHF UN LIVELLO SIA CASUALE E» DELFIO. 
15,10H PER CENTO/1 
WR!TE(6,333) NUMLVIJJ«PRCBFN zi 

333 FORMATI3X.20HE QUELLA CHE TUTTI EI3,31H I LIVELLI SIANO CASUALI E» 
1 DELFIO.5,10H PER CENTO///) 
RETURN 
END 
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