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1. - INTRODUCTION 

In the analysis of spectra of charged- particles or gamma- rays 

recorded >lith a solid state detector , the shapes of the peaks often 

can be assumed to be pure Gaussian funct i ons superimposed to a slouly 

varying background. In such cases the use of a non-i terati ve method 

presents some ."emarkable advantages with respect to other methods. 

In fact, it requires a very small computer time if compar ed to the 

usual iterative search techniques, a relatively l ittle computer me

mory , and it doesn't need an initial estimate of the parameters of 

the peaks, like center and full - width at half-maximum (F'~l) . 

Non-iterative methods (1) have been succesfully applied both 

to the analysis of gamma ray spectra from tlaI(Tl) scintillation de

tectors (2) and to the analysis of charged-particle and gamma- ray 

spectra from solid state detectors (3). Recently, a method of this 

kind was developed for the automatical analysis of spectra (4), in 

which the second derivative of the spectrum (5) is used in order to 

recognize the presence of a peak, and a non- iter ative fitting tech

nique is used to extract the physically inter esting para~eters. 

This analysis 1S performed by the computer programme DUMAN , 

written in FOR~ IV for the HP 2100S computer of the Istituto di 

Fisica dell ' Universita di Trieste . I n this report we desc r ibe the 

structure of the programme (section 2) and the input data (section 

3). The complete listing is Given in the Appendix. Since the mathe

matical apparatus and the flowing of the programme have been present

ed in detail elsewhere (4) for what concerns both the peak finding 

procedure (5) and the fitting technique (3), in the present report 

we shall simply refer to the quantities defined in the above mention

ed papers. 
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2 . - DESCRIPTION OF THE PROGRAI'!'5 

The ~rogramme consists of a main programme and of some su

broutines in order to achieve a complete modularity. 

Main programme: 

DUtlMl It controls the whole flow of the analysis and calls the 

subroutines involved in the calculations. 

Subroutines : 

TITLE and DATA - They write the name of the programme, read the In

put data, r epor t them on teleprinter. 

RIDIN 

COOK 

It reads the spectrum from punched paper tape according 

to the reading technique described in ref. (") . 

It smooths the spectrum for the determination of the back

ground intervals . 

CIGEI and SECDF - They calculate the second difference S. and the 
1 

standard deviation F . of the spectrum, together with the 
1 

weighting coefficients C .. described in refs.(4) and (5). 
lJ 

HILLS It identifies the peaks from the analysis of the mutual 

FLAT 

SOTFO 

TOP 

FIT2R 

PARAM 

BAKL 

FIT1R 

behaviour of S. and F . . 
1 1 

It determines the zones ln the spectrum through which the 

background has to be calculated . 

It subtracts the calculated background from the spectrum. 

It determines the points to be used in the non-iterative 

fit . 

It performs the non-iterative fit and determines the cen

ter and the standar d deviation of the peaks . 

It writes the parameters of the peaks. 

It subtracts the calculated peaks f r om the spectrum . 

It deter mines the aree of the peaks . 

3. - DESCRIPTION OF THE INPUT DATA 

In the version of the programme presented in this report, five 

input cards are necessary for the analysis of a spectr um . 

7G 
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CARD 1 (FOR~T 15) contains KFORM 

KFORM is a parameter concern1ng the FORv~T (see Appendix) of 

the punched paper tape to be analyzed . 

CARD 2 (FORMAT 36A2) contains 1TITLE 

ITITLE is a label for the spectrum 

CARD 3 (FORMAT 1615) contains LU, IIZETA, IIPASSO, NS1~, 153 , NHIL, 

lISING, NDOUB 

LU is the number of the logic unit for a detailed printing 

of the results (such as the spectrum N., the calculated back-
1 

ground B., the spectrum after background subtraction, the 
1 

second 

allows 

difference S . and its standard deviation 
1 

one to follow the analysis step by step . 

F.) which 
1 

LU is usual-

ly taken equal to the dummy output, and only the parameters 

of the analyzed peaks are written in the routine operating 

of the programme . NZETA is the number of the smoothing iter

ations in the calculation of the second difference, as ex

plained in ref.(s). 

NPA~~O is the smoothing step of the NZETA iterations. 

NSM 1S the smoothing window used in the subroutine COOK for 

the smoothing of the spectrum in the search of the background 

zones . 

I53 is the m1nunum distance between the points 13 and Is (4) 

that is acceptable for the identification of a peak. 

NHIL 1S the maximum acceptable distance between 13 (or IS) 

and the nearest channel i for which S. > F . . 
1 1 

NSING, NDOUB . If a peak is single and the channel nearest to 

the center is I, the non-iterative fit is performed from the 

channel (1- NSING) to tne channel (I +HSING). If a peak is overlapped 

to another one, the fit 1S performed from the channel (I±lI~ING) 

(the sign plus or m1nus 1S taken according to wether the conta

minant peak lies, respectively, to the left or to the right of 

the considered peak) to the channel (I+NDOUB). 

CARD 4 (FORMAT 1615) contains LENF, NPART, liARR, LSG, IOVF 

LDIF is the length of the spectrum 
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NPART, lIARR identify the first and the last channel of the 

zone of the spectrum that has to be analyzed. 

LSG is the length of the segment of the spectrum considered 

in the reading routine RIDIN. 

IOVF is the number of channels of the overlapping zone 

between two consecutive segments. 

CARD 5 (FORNAT 3 (FIO.3)) contains ZERO, CONY, FACT 

ZERO is the value (in keY) of the energy scale at channel 

zero. 

CONY is the conversion factor of the scale (keV/channel). 

FACT 1S the percentage of the maximum acceptable asymmetry 

between the positive maxima Ml and ~!2 of the smoothed second 

difference S.: if the condition 
1 

is fulfilled, the peak is analyzed as single; 1n the contrary 

case, the peak is analyzed as multiple. 

After the complete analysis of a spectrum , the programme begins 

the analysis of another spectrum, by reading CARD 1; a value of 

KFORM=99 causes the programme to stop. 
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APPENDIX 

0001 FTN4.L 
0002 F'ROGF~AM DUMAN 
0003 [ I I MENS J: ON SHU (560) ,(J (200) 
000.1. 
0005 
0006 
0007 
0008 
0009 306 
0010 10::j 
0011 
0012 
0013 
0014 
00l~:; 

COlb 
00l? 303 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
0027 304 
0028 
002<1 
0030 
0031 
0032 
003:::S 204 
0034 305 
0035 
0036 118 
0037 
0038 120 
0039 
0040 
0041 
0042 
00.1.3 
004A 205 
OOA5 
00-46 
0047 
0048 
0049 209 
0050 
0051 
0052 
005'.3 
005-4 
0055 
0056 
005"7 801 
0058 
005(;> 
0060 
0061 
0062 
0063 
0064 12 1 
0065 
0066 1"" 
0067 
0068 123 
0069 
0070 
0071 124 
0072 

I NTEGER C(45) 
COMMON AN (560) ,S(~~60) ,F(560) 
COMMON BACK (200) "SF'UL (200) ,ESP (200) 
COMMON F..'OWI (200) "ROW2 (200) 
CALL TITLE 
READ (7,,10::;) KFDf.:M 
FOr~MAT (415) 
IF (KFORM.ECl.99) GO TO 999 
CALL DATA(LLJ,NZETA,NPASSO,LENF,NPART,NARR,LSG,I53,NHIL, 

1 IOVF, NSING, NIrOUE~,NSM, ZERO ,CONV,FACT ,KNOK,NSG ,LSS, LUS) 
IF (NPART.EO.l) GO TO 303 
NF'AR =NPAFH-1 
CAL.L RIDIN (. TRUE. ,KFOliM, NPAR, IK) 
NF'E=O 
IF (KNOK.EO. O) GO TO 306 
NZllNE=O 
r~ 202 LAV== 1 , NSG 
IF (LAV.EQ .NSG) LS5=LUS 
IF (LAV. GT • 1> GO TO 304 
NOOR=NF'AFn +LSS-l 
NPAR = LSS 
IK= l 
GO TO 305 
NPART=NOOR-IDVF+l 
NOOR=NPART+LSS-l 
NPAR =LSS-IOVF 
IK=IOVF+l 
IFOK.EO.1> GU TO 305 
DO 204 I=l,IOVF 
AN(!)=AN(l+LSG) 
CALL RIDIN (. FALSE. , KFor';;M , NPAf..: , IK) 
WRITE (6 ,118) NF'AfH,NOOli 
FOf~MAT (5X," SEGMENT FROM CHANNEL ~ , IS," TO CHANNEL", IS) 
WHITE(6, 120) 
FOI:~MAT (5X," ***·l(·**·)(o·)(·******iC·**·~*****·.***·)I;**oJ(·***·~******" , /) 
CALL COOK (LSS,NSM,5MU) 
NPAf..: = NF'ART-1 
Nl.l)l=l 
NI-fB1 =1 
NHB2=1 
M=NZETA*NPASSO 
MPIU=M+1 
MOOI~=M+2 
CALL CIGEI (NZ.£TA, NPASSO,M, C) 
CALL SECDF(LSS , O,MOOR ,C) 
CALL HILLS(NHB2,LSS, I 53 ,MI3,MI5,NED,NHIL) 
IF(NED.El1.1 ) GO TO 202 
MI03 = MI3+NF'Af'..: 
MI05 = MI5+NPAf'..: 
CALL FLAT (MI 3,MI5,NLB1,NLB2,NI-IB1,NHB2,LSS,SMOD1, SMOD2,MPIU,rV,SMU) 
IF (IV.EO.O) GO TO 801 
t+I[~2 == MI5+1 
GO TO 209 
NLOB1=NLB1+NPAR 
NLOB2=NL.B2+NPAf~ 
M..OB3=NHB1 +NPAF~ 

~OB4=NHB2+NPAR 

NZllNE=NZONE+l 
NEP=O 
WRITE (6 ,1 21> NZONE 
FORMAT (5X," ANAL YSIS OF THE ZONE NLJMBER~, IS) 
WliITE (6 , 122) 
FORMAT (5X," ***'l('oJ(")('oJ('*')(;****iC'******************" , /) 
WRITE(6 ,123) NLOB1,NL.0B2 
FORHAT(5X,"LOW ENERGY BACKGROUND CALCULATED FROM CHANNEL",16,- TO 

1 CHANNEL", 16) 
WRITE (6,124) NLOB3,NLOB'. 
FOI:;:HAT (5X, "HIGH ENE~-..:GY l-=!ACKGf..:OUND CALCULATED Ff..:OH CHANNEL - , 16, - T 

10 CHANNEL",I6, / ) 



0073 
0074 
0075 
00'76 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
OOHIt 
0005 
0086 
008>7 
0088 
0089 
0090 
oorli 
0092 
0093 
0094 
0095 
0096 
0097 
0098 
0099 
0 100 
0101 
0102 
0103 

777 

131 

234 
132 

409 

010"i 709 
0105 
0106 
0 107 
0108 
0109 406 
0110 
0111 
0112 
0 11 3 
0114 
011~i 
0116 756 
0117 
0118 
0119 7 16 
0120 
0121 
0122 
0 123 
0124 
0125 
0126 7~j l 

0127 
0128 
0129 752 
0130 
0 131 
0132 
0133 
0134 755 
0135 
0136 
0137 202 
0 138 
01 39 
Ol LIO 
Ol.41 
0142 999 
0143 998 
0144 
0145 

HU = NHB2-NLBl+1 
HllH1=NLB1-HPIU 
IF (HllHl. LT.1) MOM 1 1 
MOM2=NHB2+MPIU 
IF (HOM2.GT.LSS) HOM2 LSS 
HOM = MOM2-M()Ml+1 
I F (NLI<l.LE . MPIU) MF'IIJ = NLE<1 - 1 
MUH =:: MU+MPI U 
CALL SOTFO (NLr<l ,NLB2, NHS1, NHB2, SHOD!, SHOD2 ,MPILJ, MOMl , HOM2, MOM) 
CALL SECDF (HOM, MOM!, MOO!::: , C) 
WI;:ITE ( L U, 131) 
FOI:::MAT (IX," CHANNEL" , ax," AN (1)" , BX , " BACK (I) H , BX , " SF'UL (1)" ,ax,"s (I)" 

1 ,8X , "F< I) " , /) 
K = MPIU 
( to 234 J=NLB 1 , Nt··m2 
K=t\+l 
L=..J+NF'AR 
WI:::ITE (LLJ J'132) (L, AN (..J) , BACK 00 , SF'UL (K) , S (K) , F 00 ) 
FOF\MAT <3X, 15,3X,5 (FI0 .. 5,~:;X» 
NK = MOOI:;: 
CALL HILLS (NK, MUM ,. 153 ,MI3 ,.MI5, NED, NHIL ) 
IF(NED .. EG .. O) GO TO 41 0 
NHE2=NHB1 
GO TO 205 
CONTI NUE 
WI;:ITE (LU, 1 0~'j) MI 3 ,MI5 
CALL TOt:· ( HI 3 ,. MI 5 , FACT, NS ING, NDQUB , 1 l., 12, ISTAr~) 
DO 709 1=11,12 
"-OWl (I> =l. 
ROW2 0) =1 
X = (SPl JL 0-1) /SPUL (1+1» 
ESP(I> = ALOG(X) 
CALL FIT2f~ <I1, I2 dtKl, AK2 , F..:OW1, ROW2 ,ESP) 
IF (AK2.GT. O .. ) GO TO A06 
NK == MI =i 
GO TO 409 
S IGMA=SORT (: .. /AK2) 
CENTR =-AK1 / AK2 
ENF=2 .. *SIGMA·:M-CONV*1 .. 1774 1 
CONTF..: = CENTFHNLOB 1-·1-MF'ILJ 
IF (CONTR .. GE . FLDAT (NLOB1» GO TO 75b 
I STAf'..: = 0 
GO TO 755 
EN=ZERO+CONV*CllNTR 
DO 7 16 1=11,12 
X=FLClAT <I) 
RDI..Jl (I ) == (EXF" (- (X-·CENTR) **2/ (2*SIGMA*·~2) ) ) / (2 .. 506628275·JitSIGMA) 
CALL FITIR<I1 , I2,AI,,1 , ROW1, S PUL) 
IBl==ISTAR-IFIX(2.3*SIGMA) 
IB2=ISTAR+IFIX(2. 3*SIGMA) 
IF (IB2.GT . MUr1+MPIU) GO TO 755 
SUMB=O .. 
DO 751 ,..J1=IB1 , IB2 
SlJMlc=SLJMB+SF'UL (",)1) 
SElAC=O. 
DO 752 ,..J2==IB1,IB2 
SBAC=SBAC+BACK(,..J2) 
FOND=SORT(SUM£i+SBAC) 
NPE=Nf"E+1 
NEP=NEP+1 
CALL F'Af..:AM (NPE:, CONTH , EN , ENF, AK1, FOND ,SBAC ,NEP) 
CllNTI NUl: 
CALL BAKL( MUM ,ISTAR,Il,I2,AK l,CENTR, SIGMA,Sf4JL) 
GO TO 777 
CONTINUE 
IF(NOOR.Ell.LENF) GO TO 306 
NPAf~ =l.ENF -NOOI;: 
CALL RIDIN(.TRUE . ,KFOF.:M, NPAf..:,IK) 
GO TO 306 
wrU TE (6,9(1'8) 
FOf';:MAT (20X,"DUMAN IS A FASCINATI NG BLACK DOG" ,///) 
STOP 
END 

** NO ERRORS** F'RllGRAM 02787 COMMON -.:: 05360 

8 0 



0146 
0147 
0148 101 
0149 
0150 102 
0151 
0152 103 
0153 
0154 
0155 104 
0156 
0157 
0 158 
0159 
0160 
0161 

SLJBROLJTINE TITLE 
WRITE (6, 101) 
F(}[~":MAT(~1" , ///) 
WrdTE (6y 102) 

FDI,MAT (40X,." ******-K·****.j(-*******·>t*·lit**...:·********-) 
WRITE (6.103) 
FOI:;':MAT (40X," * 
WRITE(6,1 03) 
W~;:ITE (6 , 104) 
FOF,MAT (40X," '* 
WF.:ITE (6, 103) 
WFUTE(6,103) 
WRITE (6,.102) 
WRITE (f" 101) 
RETUr~N 
EN!! 

PROGRAM II U MAN 

** NO ERF\'OF\S~Uf PROGF.:AM 00136 COMMON 00000 

0162 
0163 
0164 
0165 
0166 201 
0167 
0168 106 
0169 
0170 107 
0171 
0172 108 
01"73 302 
0174 
0175 105 
0176 
0177 
0178 
0179 
0180 
0181 
0182 
01fl:~ 109 
01BA 
0185 110 
0186 
0187 111 
0188 
0189 112 
0190 
0191 113 
0192 
0193 115 
0194 
0195 116 
0196 
0197 118 
0198 
0199 
0200 
0201 
0202 
0203 117 
0204 
0205 
0206 301 
0207 
0208 

S UBnOUTINE DATA (LLJ,. NZETA,. NPASSO,. LENF ,. NI~·Afa,. NAF,R,. LSG,. I~;3 ,. NHIL,. 
1 IOVF,. NSING, NDOUD,. NSM, ZEt'\:O,. CONV,. FACT,. KNOK,. N::;O, LSS,. LUS) 

DIMENSION !TITLE (:~6) 
DO 201 LS=l,. 36 
ITITLE(LS)=2H 
READ(7,106) (ITITLE(LS) ,L5=1,36) 
FORMAT (36A2) 
WRITE (6 , 107) <ITITLE (LS) ,.LS=1 ,36) 
FORMAT (30X,3bA2) 
WRITE (6, 108) 
FORMAT (U 1 H , /) 

r';:EAD (7,. 105) L.LJ, NlETA, NPASSO ,NSM, 153 ,NHIL, NSING, NDDUB 
READ (7110~;) LENF, Nf'Ar:~T ,NAF;:F~, LSG, IOVF 
FOf~MAT (1615) 
I F (NZET~,.GT. 7) NlETA == 7 
IF (NPASSO.GT.3) Nf'ASSO 3 
NF'ART== (NPARf /8) *8+1 
L SG=( L SG/S)*8 
NAF':F\'= (NARFU8) *8 
IO'JF= (IOVF /8+1) *8 
READ(7,109) ZERQ,CONV,FACT 
FORMAT (8FI0 .. 3) 
WRITE(6,110) LENF 
FORMAT (5X,. H SPECTr.:UM OF ",15, H CHANNELS", /) 
WRITEC6,111) LSG 
FOF.:MAT (~jX , " SUF,<GFWUPS OF "',15,'" CHANNELS") 
WRITE( 6,1 12) IOVF 
FORMAT(5X,-OVH-;:LAF' BETl,JEEN THE GROUPS OF"',I4," CHANNELS") 
WI:;;ITE (611 13) NPAFn,NAHR 
FORMAT(5X, "ANAL YSIS Fr.:or-\ CHANNEL ", 15,- TO CHANNEL ",15,/) 
WRITE (6, 115) NlETA,Nf'ASSO 
FDF,:MAT (5X, 11, " SMOOTHING ITERATIONS WITH A STEP OF ",11, /) 
WRITE(6,116) ZERO,CONV 
For:;;MAT (~:;X, "ENEF~GY SCALE: ,.. ,FlO. 4,'" KEV=O .. , F10.4,'" KEV/CHANNEL") 
WF..:ITE (61118) NSM,I53,NHIL 
FORMAT (5X,"NSM =",12," I5MI3 =",12,- NI-ULLS =",12,//) 
KNOr<=NAF~R-NPART + 1 
NSG~ (KNOK-ll /LSG.1 
LSS=LSG+IDVF 
IF (LSS. LE. 560) GO TO 301 
WRITE (6,117> 
For:-':MAT ( .. 
F'AUSE 

TOO L.ONG INTERVAL. RE-ENTER [lATA 

GO TO 302 
LU5=KNOr'\- (NSG-l) *LSG 
f'.'ETUt'N 
END 

PROGf.:AM 00570 COMMON ~ 00000 



0209 
0210 
0211 
0212 
0213 
0214 
021~j 

0216 
0217 
0218 5 
0219 
O::;'=!O 2 
0221 3 
0222 
0223 
0224 '. 
0225 1 
0226 8 
0227 9 
0228 
0229 

sur.f,OUTINE RIDIN (GAF,!., KFOf,H, KANAL, IK) 
DIMENSION AA (8) 
COMMON AN (560) ,S(560) ,F(560) 
LOGICAL GARB 
NOn = KANAL/B 
DO 1 II=l,NOTT 
IF (KFOl;:M.oE(~.O) GO TO :2 
IF (KFORM.o EQ .. 1) GO TO 5 
GO TO 3 
READ (5,9) (AA(l),I=l, B) 
GO TO ~5 
READ (5,S) (AA(l) ,I=1, 8) 
IF <GARB) GO TO 1 
DO 4 K=l,S 
AN (IK) = AA (K) 

I K ::.: IK+l 
CONTINUE 
FOf:-":MAT (7X,B(F6.o0, lX» 
FOI;:MAT (8(F6 .o 0, l X» 
r.;:ETUI;:N 
E.ND 

** NO EF,ROI,'S*-K' F'Rom-;:AM 00163 COMMDN 

0230 
0231 
0232 
0233 
0234 
0235 
0236 
0237 
0238 
0239 
0240 
0241 
0242 
0243 
0244 
0245 

0246 
0247 
0248 
0249 
0250 
02~J1 

0252 
0253 
0254 
02~'j5 

0256 
025'7 
0258 
0259 
0260 
0261 
0262 
0263 
0264 
0265 
0266 
0267 
0268 
0269 

SUBf.:OUTINE COOK (LSS,NSM,SMU) 
DIMENSION SHU (1) 

2 
1 

COMMON AN(560) 
IF (NSM .. EO .. O) RETU~'\N 
D = 2*NSM+1 
L = LSS- NSM 
IN NSM+l 
DO 1 I=IN,L 
LI I-NSM 
LS I+NSM 
S = o. 
DO 2 J=LI,LS 
S = S+AN(') 
SMU(!) = S/D 
RETURN 
END 

F'ROGr,AH 00102 COMMON 

SU!W.:OUTINE CIGEI (NZ£TA,NPASSO,M,C) 
INTEGER CO) ,B(45) ,FUC(45) 
DO 100 K1 - 1,45 

100 C(K1) = 0 
C (M+l) 1 
C(M+2) = -2 
C(M+3) = 1 
IF(NZETA .ECl.O) GO TO 302 
NMAX=2*M+3 
DO 301 L = 1,NZETA 
DO 300 IL = 1,NMAX 
K3 - IL-NPASSO 
IF (K3.LE.0) K3 = 1 
K4 = IL + NPASSO 
IF (K4 .GT.NMAX) K4 NMAX 
B <IU = 0 
DO 400 KO = K3,K4 

400 B(IL) = B<IL) + C(KO) 
300 FlJC (IU =1) <IU 

DO 99 N = 1,NMAX 
99 C (N) =FUC (N) 

301 CONTI NUE 
302 F~ETU~'\N 

END 

** NO ERr,ORS** PROGRAM 00266 COMMON 

82 

03360 

01120 

00000 



0270 
0271 
0272 
0273 
0274 
0275 
0276 2 
0277 
0278 
O:=?7(~ 

0280 
0281 
0282 
0283 
0284 
0;!8~j 

0286 
0287 
0288 
0289 10 1 
0290 
0:;''91 
0292 20 
0293 22 
0294 
0295 12 
0296 11 
0:!97 

0298 
02<";9 
0300 
0301 
0302 
0303 11 
0304 
0305 
0306 
0307 1 
0308 7 
0309 
0310 2 
0311 
0312 
0313 
0314 3 
0 3 15 4 
0316 
0317 
0:118 6 
03 19 
0320 
0321 
0322 
0323 5 
0324 8 
0325 
0326 
032"7 
03~'8 

0329 
0330 

suml:OUTINE SECDF (NEST , KRUK, 10. C) 
INTEGEr, C (1) 
COMMON AN(~~60) ,8(560) , F(560) 
COMMON BACK (200) ,SF'UL (200) ,ESP (200) 
[102 1=1, 200 
S O) = o. 
F'(l) = O. 
DO 12 I=IO,NEST 
JO=I - IO+l 
JF= I+IO-l 
IF (.JF .GT .NEST) GO TO 11 
SUMS=O. 
SUI'-IF=O. 
[LO 22 L.=:JO,JF 
K= L - I+IO 
IF (KRUI'\.NE.O) GO TO 101 
DSUMS= C (I<) ·x·AN ( L ) 
DSUMF = (C (K) **2) ·)(-AN (L) 
GO TO 20 
L I P=L +KF,UI'\-l 
[lSUMS= C (K)x'SPUL (U 
DSUMF= (C ( K) -)(·*2) '/fAN (LIP) 
SUMS=SUMS+[lSUMS 
S UMF =SUt1F + DSUMF 
5 (l)=8UMS 
F (I) =smn (SUMF) 
RETU~I:N 

END 

F'tI:OGF~AM 00236 COMMON 04560 

8UHFWUTINE HILLS <IF', lA, 15 MI 3,. 13, r~;, NED, NHIL) 
COMMON AN (560) , S (560) , F (!';60) 
NED :: 0 
KLJ IA'-l 
15 = IF' 
KP = 15+1 
IF (KP. GT. KU) GO TO 7 
DO 1 I=KP,KU 
IF (S(l) .LT. -F(l» GO TO 2 
CONTINUE 
NED::: 1 
I:;;ETURN 
13 I 
KS = 13+1 
DO 3 I=KS,IA 
IF (S(I> .GL -F (l» GO TO 4 
CONTINUE 
15 == 1- 1 
IF 05"·1 3 .L,T.I5MI3) GO TO 11 
I = 13 
I = 1- 1 
IF (LL.T. IP) GO TO 5 
IF (S(I).LT.F(I» GO lU 6 
IF ( I3-I.GT.NHI U GO Ttl 5 
Rf.:TUI=i:N 
I = 15 
r = 1+1 
IF (I.GT.IA) GO TO 7 
IF (S(l). L.T.F(l » GO TO 8 
IF (I-I5.GT .NHIl.) GO TO 11 
16 = r 
F,ETURN 
END 

F'ROGRAM 00208 COMMON 03360 



0331 
0332 
0333 
0334 
0335 
0336 
0337 10 
03:m 
0339 1 
03'-.0 
034 1 
0342 
0343 11 
0344 
034~; 

0346 4 
0347 
03'+8 
0349 
0350 
O:'~l 2 
03~:;2 

0353 
0354 
0355 
0356 
0357 
03~;8 

0359 3 
0360 
0361 
0362 5 
0363 
0364 
0365 
0366 12 
036 7 
0368 
0369 8 
0370 
0371 
0372 
0373 
0374 7 
03"75 
0376 
0377 
0378 
0379 
0380 
0381 
0382 9 
0383 
0384 
O:~85 
0386 
0387 
0388 6 
0389 
0390 

SUEIF,OUTINE FLAT (HIM3, MIM5 ,NLIil ,NLB2 ,NI-IBl ,NHI~2 , LSS ,SMOD1, SMOD2,MF"IlJ 
1,IV,AN) 

DIMENSION AN ( 1) 

NUM=10 
NEM=10 
IV = 0 
NUM=NUM-1 
NAM=NUM 
NAM=NAM·- 1 
IF (NAM.GE.4) GO TO 11 
I V = 1 
GO TO 6 
NOBl = MIM:'~-NAM·-4 

NOEc2=.:MIM3-4 
IF(NOB1 .LT.NHl)1) GO TO 1 
NOEfl =NOBl - l 
NOB2=NDf.!2-1 
IF(NOJ)1 . LT.NHB1 ) GO TO 1 
SME!l l =O . 
DO 2 IFOT=NOBl,NOB2 
SMED1=SMEIr1+AN(IFOT ) 
SM()f.ll=SMED1 /(NAM+l) 
SM = SMODl +3. 
ST = O.l~j*ALOG (8M) *smn (SM) 
SI=SHOD1-ST 
SS=SMODl+ST 
DO 3 KFOT=NOI)l, NOB2 
IF(AN(KFOT).LT. ~; I.mLAN(KFOT ) .CH .. SS) GO TO 4 
CONTINUE 
NEM=NEM·-1 
NOM=NEM 
NOM=NOM- 1 
IF(NClM.GT .. 4) GO TO 12 
IV = 1 
GO TO 6 
NOB3=MIM5+4 
NOB4=MIM5+4+NOM 
IF(NOB4.GT.LSS) GO TO 5 
NClI(3=NOB3+1 
NO[-{4==NDB4+1 
I F( NOB4.GT.LSS) GO TO 5 
SMED2=O. 
DO "7 LFQT=N{)B3, NOB4 
S MED2=SMED2 +AN(LFOT ) 
SMOD2=SMED2 / (NOM+l) 
S M = SMOD2+3. 
ST = O. 15*ALOG(SM)*SQRT(SM) 
SI=SMOD2-ST 
SS=.:SMOD2+ST 
DO 9 NFOT=NOE<3, NOB4 
I F (AN (NFOT) .LE.SI.O" . AN(NFOT> .GE.SS) GO TO 8 
CONTINUE 
IF ( (NOB4- NOB!) • GE. <1 99--2*MPIU» GO TO 10 
NLB1 =NOBl 
NLB2=NOH2 
NHl)l =NOI'3 
NHB2=NOB4 
CONTINUE 
I,ETUF~N 

END 

** NO ERr.:ORS** PROGf~AM 00387 COMMON 00000 

0391 
0392 
0:~("13 

0394 
0395 
0396 
039·7 
0398 
039'7 
0400 

SUE{ROUTINE SOTFO (Ll, L2 , Nl ,N2, 5 1, 52 , HF' , Ml ,H2,HM) 
COMMON AN(560),S(560),F(560) 
COMMON l~ACK( 200 ) ,SF'UL(200) , ESP(200) 
COMMON RQW1(200),RQW2(200) 
I Xl = (Ll.f·L2) /2 
I X2 = (Nl+N2)/2 
CA = (S2-S 1)/( I X2- I X1 ) 
K = 0 
DO 1 J=M1,M2 
K = K+l 



0401 1 
0402 
0403 
OAOA 
0405 2 
Q.li06 
0407 
0408 
040~; 

0410 
0411 3 
0412 
0" .. 13 
0414 
0415 
0416 
0417 
OA18 
0419 
0420 4 
0421 
0-"=122 
0423 
0424 
0425 5 
0426 
0427 
0428 
042<",' 
0430 
0431 
0432 
0433 6 
043"+ 
0435 

0436 
()43'7 
0438 
0439 
0440 
0441 701 
0442 702 
04.1 .. 3 
0444 704 
0445 
0446 
04.1t7 
0448 703 
0449 
0450 705 
0451 
0452 
0453 
0454 706 
04::j~1 

0456 
OA57 
045FJ 
04~.N 

0460 707 
0461 
0462 
0463 
0·464 711 
046~j 

0466 
0467 

BACK (K) = Sl+CA* LJ·-IXl) 
DO 2 K=l,MM 
I;:OWI (K)=O. 
f~OW2 (K) =0. 
E5F'(K)~(). 

IK ~ Ll ,-MF'- 1 
DO 3 K=L.l,L2 
I = K-IK 
ROWI (I) =1. 
ROW2 (1) =-~I 

ESP <I) ==AN (K) 
LI L2+1 
LS ~ Nl"l 
DO 4 K::::LI, LS 
I ::: I'\--It< 
IF (AN(K) .GT.I<ACK(!) GO TO 4 
f..:()Wl (1) =1. 
I;:OW2 (I) =1 
ESF' <I) '=AN (K) 
CONTINUE, 
DO 5 K=Nl,N2 
I = K-IK 
ROW1 (!) =1. 
F..:OW2 (I> =1 
ESP (1) =AN (K) 
CALL FIT21;: (1 ,MM ,AKl, AK2~F~OWl ,t~()W2,ESP) 
K~O 

[10 6 J:=Ml, M2 
K=I'\+1 
BACK (K) =AKl+K*AK2 
SPUL(K)=AN(J)-BACK(K) 
IF' (SF'lIL,(K) .LE-O.) SPUL<K)=O.5 
CONTINUE 
RETUFi:N 
END 

PF..:OGf,AM 00401 COMMON 05:"~60 

SUBHOUTINE TOP (HI3, MI5, F~rCT 1 NSING, NDOU[~, 1 1,12, ISTAR) 
COMMON AN (~:j60) ,S (~/60) ,F (560) 
COMMON r-:ACK(200) 1sr'UL(200) ,ESP(200) 
DO 701 I:::::MI3,MI~j 

IF(S(I+1) .GE.S(I» GO TO 702 
CONTINUE 
I STAr..:= I 
J=ISTAF~ 

.)=,)-1 

IF <.J,ECl.1) GO TO 703 
IF(S(J-l) .LE.S(,)) GO TO 703 
GO TO 704 
IMAXl~') 

J=ISTAI;: 
J=J+l 
IF U.EQ.200) GO TO 706 
IF (5 (.)+1) • LE:. S U» GO TO 706 
GO TO 705 
IMAX2=J 
RAP=S(IMAX1)/S(IMAX2) 
IF(r<AF'.GE. (I+F'ACn .01~ .RAP.LE. (I-FACT» GO TO 707 
Il=ISTAI;:-NSING 
12=ISTAH+NSING 
RETLJF~N 

IF (F..:AF'.GE. (1+FACT» GO TO 711 
11::= I ST AR-NDOUB 
12=ISTAf~+NSING 

RETURN 
I l=ISTAf~'-NSING 
12=ISTAf~+Nl)OUB 

RETUI;:N 
END 

** NO ERRORS')f* F'f..:OGRAM 00220 COMMON 04560 



0468 
0469 
0470 
0471 
0472 
0473 
0"+74 
0475 
0476 
0477 
0478 
0479 
OA80 
0481 
0482 
0483 
0484 
0485 
0486 
O.lt87 
0488 
0489 

0490 
0491 

1 

SUBF..:DUTINE FIT2R (11,12, AKl ,AK2, ROWl ,ROW2, Q) 

DIMENS ION ROWl (1 ) , ROW2 (1) ,(H l) 
AK1=0. 
AK2=O . 
C1=0 . 
C2=O. 
C3=0. 
A=O. 
B=O . 
DO 1 1=11,12 
Cl=Cl+ROWl (1) **2 
C2=C2+f~OW 1 ( I) :l(+-;:OW2 (I ) 
C3=.:C3+f<OW2 (1) **2 
A=A+HOWl (1) .)({~ (I) 
B=B+t;:OW2 (I) ')fU (I) 
DEL TA=C 1 *C3·-C2*:l(·2 
DX1=A* C3-B*C2 
DX2=B*Cl-A*C2 
AK1=DX1 / DELTA 
AK2=DX2/ DELTA 
RETUI=\:N 
END 

F'ROGRAM 00223 COMMON 00000 

SUB~;:OUT I NE F'AF'=AM (NF'E , CONTER , EN, ENF , A, FOND, SEtAe, NEf' ) 
IF (NEF'. EO. 1) WF<ITE (6 , 7 12) 

0492 7 12 Fm;:MAT (7X, ~F'EAI'\,' , 2X , " CENTEr," , 4X, N ENEF<GY" , 7X, "FWHM" ,4X, " AREA" ,6X, "E 
04('/3 If,f,'(}1:;:'' ,4X,"BACKGROUNJ)" ,/) 
0494 WF,ITE (6,713) NPE ,CONTER, EN,ENF ,A, FOND, ~)BAC 
0495 7 1:; FOI:;;MAT (::'.;X, I5,6(F10.2) ,/) 
0.1,96 F,ETLJI;:N 
0497 END 

** NO ERROF~S** F'F~OGRAM 00103 COMMON 00000 

04("18 
0499 

SUBROUTINE BAKL (MUM , 1STAF" 11, I2,A,CENTF< ,SIGMA, SPUL) 
DIMENS ION SF'UL (1) 

0500 
0501 
0::..02 
0503 
0504 
0505 
0506 
0507 
0508 
0509 
0510 
0511 720 
0512 
0513 
0514 7 40 
0515 
0516 741 
0517 743 
0518 
0519 

1K1==11+1 
1K2=12 -1 
IF <ISTAR.El1.0) GO TO 7 41 
SKUK=SQr';:T <SPUL < I STAFO ) 
B = 2*SIGMA**2 
C = 2.506628275*SIGMA 
DO 720 I=1,MUM 
X=FLOAT (1) 

X = A-;lfEXP (- <X-CENTR) **2/!t) / c 
SPUL< 1> =SF'UL ( 1> - X 
IF (SF'UL<1> .LT .1..) SF'UL<1> =1-
CONTINUE 
DO 7 40 KUK=1Kl,IK2 
IF (SF'UL<KUK).LE. SKUK ) GO TO 741 
CONTINUE 
RETUI;:N 
DO 743 KEK=IK1,IK2 
SF'UL<KEK ) =1-
J;.£TUI;:N 
END 

** NO ERRORS** Pf,OGRAH 00192 COMMON 

So 

00000 



O:;j20 
0521 
0522 
0523 
0524 
O~j25 

0526 
O:;j:::!"7 1 
O~j28 
0::-;2(1 
0530 

SUBROUTINE FIT1R<11,I2,AK1,HOW1,£SP) 
DIMENSION ROWl (1) ,ESF'O) 
AK1=O. 
Cl=O . 
C2'-=0 . 
DO 1 1=11.,12 
C1=Cl +r~OWl (I) *ESP (I) 
C2=C2H(OW 1 (I) *·j(.2 
AI'< 1 =C 1 /C2 
RETur~N 

END 

00002 CDMMDN 00000 




