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FANDOM IIVENTS WERE SIMULATED BY COMPUTER AND SURJECTED 10 VARIDUS
STATISTICAL METHODS TO EXTRACT [MPORTANT FARGME TERS. VARIOUS
PONMG OF CURVE FLITING WERE EXPLORED, SUCH A3 LEAST SDUARES,
LLAST DISTANCE TROM & LINE, MAXIMUM LIFELIHOOD. FRORLEMS
COMSTDERRED WERE DEAD TIME, EXPONENMTIAL DECAY, AND SPECTHUM
EXTRACTION FROM COBMIC RAY DATA USING BINNED DATA AND DATA FROM
INDIVIDUAL EVENTS. COMPUTER FROGRAMS, MOSTLY OF AN ITERATIVE
NaTURE, WERE DEVEILOFED TO DO THESE STMULATIONS AND EXTRACTIONS
HAD ARE PFARTIALLY LISTED A8 AFPPENDICES. THE MATHEMATICAL BASIS
FOR THE COMPUTER FROGRAMS IS GIVEN IN THE TEXT OF THE REFORT.
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—=. RELATIOMSHIF OF BINOMIAL, FOTSSON, AKND MORMAL DISTRIBUTIONS

IF WE DIVIDE & TIME INTERVAL T INTO n EQUAL SMALL
SUBINTERVALS OF LENGTH Dt, A RAMDOM EVENT [S EOQUALLY LIVELY TU
OCCUR DURING &MY SUBTNTERYAL OF DURATION Dt. THE PROEABILITY Dp
OF A EVLCHMT DURING AN/ GIVEN SURNINTERVAL Dt IS GIVEN BY THE
LAFRESS LON,

Dp = I. Dt , 2.1

WHETE i [" THE &VPERAGH MUMEBLR OF EVERNTS FER UNIT TIME AMND OF
OO SHALL THAT TWO COUNTS DURIMG THE JTHTERVAL Dt IS HIGHLY
LML ELY . TI I PROGOACTLIYY THAT &N EVENT WILL HOT QUCUR IR ANY
IV IRTE RN AL D 10 BIvit BY THE EXRRFEG1I0M,

k..
Y

-

- By o= 0 - LDt A,

FHL FROar by bdbig by b W 5zept s s Fifl 0 B0 Gavirpl BY THIF RITTIOM T4
o fecd g1 Hons,

Fros, 1) = HE DL 7 1w FOl-000 G Rt n' AP Gn-RD) Y NYT Vet

HOFG T L ARD

: WiMG, THE OYP « DERNOTES MULTIFL ICAT TON &D
THE SRk N

I
AWEO b et MNP O, T THE MU TERM OF THE
POUsrittica T RDU el T el b o FTHILS BT OIGUITORN 15 THERLT GRE
PiWed V20 0D, SN ARNY ODS IR TN DHEAYED TTasel 47T TN & 8 THPT THG
FHODCE S SUE0D D DD ROREME TP,

PHIE PGS0 DI T R I0N 1S 1Tas Y DREATRMID Ol THE
HIWGR D DTS O tRut bl 0 BB TG THE STRRLL NG APViROXTHA T TEN,

Pild ot o~ b0y b0 oty v o b A0 0 G e - o, adl
il G OXTITMaTT LONG L TTE

OGO Gy -y - by Lo £ WS ey b =106 00 - /N 2.8
THEGID AEPROXIMAT TONG AldT OUIITE GOOD WHEM n . NOOTIF WE TAlE THE
FESTLAYAL P oOGaRT THiF OF  BRG VL 5 G USEH EOUNATTIONS .4 AND 2.5, WE
OEAIM THE POTSS0M DISTRIBUTLON,

e, Ty = L L T ) MIsLEXE 0 LeTi 17 2.0

FHE AVERAGE NUMBER OF EVENTS N IN TIME T IS ( LT ) AND THE
STAMDARD DUWYTATION FOR THE FOISSON DISTRIBUTION IS SOR (LT ).

AS THE NUMBER OF EVENTS N DBECOMES LLARGE, THE FOISSON
BUICOMES EQUIVALENT TO THE NORMAL DIS TRIBUTIDN. 1F WE TaArKE THE
Nl’ﬂ URAL LOGARITHM OF THE FOISSON DISTRTIBUTION AND USE THE
STITRLING APPROXIMATION AND THE APPROXIMATION,
LOG L 1+X/CL¥T) 3 = X / L T - L(X/L¥T) 21 /7 2 , 2.7

WHERE
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X o= M- 1,

Wiz FLIND THAT

PEX.T) ~ BOK L1/ (2 FI LxT 7 & EXM [-X 2/70 2 L#T 3 2,

WHICH T35 THE MORMAL DISTRIDUTION WITH AVERAGE LT ( X = O ) AND
STANDARD DEVIATION GOR O L T ). THRLE 2.1 COMPARES THE DINGMIAL,
FOTSGON AMD NORMAL DISTRIBUTIONS FOR M = 20, ¥ = % , AMD L = 3 .

3 0baD TiM CORITCTTONS FOR RONDOM EVERTS,

SURTOOE AT AN EVENT DETECTOR (COUNTERY HAS o DFAD TIME L
AFTEIC T AL COUMT. T N LANDUM EVERNTS ARG ORSERVED DURING TIME T,
SF. § NOW HHAT THE DOUNTER WAS DEND (INDPOIR&TIVED Fre A TIME M rL.
THE AVERGOE NUMEBLI OF EVIENTS EXPECTED DURING THIS DEAD 7 IME WOULD
B LeN w8 ARND WOULD & 50 OBEY & POISSON DISTRICGUTIOM. THE NUMBER
OF EVERTS MOTS ES IMaIID 10 BF O STVEN Y THL. EOUATION,

Y W TS T PR R o . Tal

IT DOES Ml METTER HOW OF TEN QU COUNTIYR IS TURMED ON OR OFF. IF
THE: CVINTS AL RAONDOM AND L 15 A CONST&MT, EO T.1 [85 VALID WHEN
M PEPRELIATS o L HHE OROSERVED COUNTS aMD 1 T rREGUNTS  tHE TOTad
PIME THlal THE COUNTER 10 ORI WD MAFE THID ASSUMTTION THAT N 15
FOUNY 10 s, L0 L1 DRCOHMYTS

LT - W7t Loeldnd Ta
O

L= N/ 1 Mot ) “ TS
EO 3.7 18 THE CSIMPLE STATEMENT THAT NI DEST USTIMatE OF THIE
MATURAL COUNT RATY L 10 HHE 100 MURMDLER O COUMTS DIVIDED BY THE
107AL TIME THE COUNTER 15 Obl. [T 15 POOR PRACTICE 10 REPLACE L IN
FOoS. by om0 T AND DI THE RLOUL T,

M=N /7 C1- "t 7/ ), Te 4

SN CORCECTED  COUNT. THIS PRACTICLE OVERCORRECTS WHER M 7 IS
LARGE AND UNDLRCORRECTS WHEN N IS SHALL.

THEKE wIE A NUMBER OF TECHMTOUES WHICH MAY RE USED 10 STUDY
COUMTER DEAD TIME. & FIRST AFFROACH IS5 TO OVERWHELM THE COUNTER
WITH MANY MORE LVENTS THAR IT CAN POSSIBLY COUNT. 1F THE EVENT
RATE L I0 RELATED 10 THE COUNT RATE R BY THE EOUATION,

o= / 1 + L#t 3 . 2.5
WHERE t© IS THE DEAD TIME AFTER EACH EVENT, THE MAXIMUM FOSSIBLE

COUNT RATE R{MAX) TS5 SEEN TO BE GIVEM AS 1 / t, 50 THAT THE DEAD
TIME t = 1 / RMAX). IF THE COUNTER DETECTS RADIATION, A& MORE
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TABLE 2.1

A comparison of binomial, Poisson, and Gaussian
distributions for n = 30, T = 5, and A = 3
corresponding to an average count of 15

N B(N) P(N) G(N)
1.000 0.000 0.000 0.000
2.000 0.000 0.000 0.000
3.000 0.000 0.000 0.001
4.000 0.000 0.001 0.002
5.000 0.000 0.002 0.004
6.000 0.001 0.005 0.007
7.000 0.002 0.010 0.012
8.000 0.005 0.019 0.020
9.000 0.013 0.032 0.031

10.000 0.028 0.049 0.045
11.000 0.051 0.066 0.060
12.000 0.081 0.083 0.076
13.000 0.112 0.096 0.090
14.000 0.135 0.102 0.100
15.000 0.144 0.102 0.103
16.000 0.135 0.096 0.100
17.000 0.112 0.085 0.090
18.000 0.081 0.071 0.076
19.000 0.051 0.056 0.060
20.000 0.028 0.042 0.045
21.000 0.013 0.030 0.031
22.000 0.005 0.020 0.020
23.000 0.002 0.013 0.012
24.000 0.001 0.008 0.007
25.000 0.000 0.005 0.004
26.000 0.000 0.003 0.002
27.000 0.000 0.002 0.001
28.000 0.000 0.001 0.000
29.000 0.000 0.000 0.000
30.000 0.000 0.000 0.000
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QUTTABLEL APTROACH ITMITIALLY 15 TO UGE A RADIATTON SOURCE AND THE
TRVERSE SOUART LAl FOR CALITTRATTON. THEF EVENT RATE A1 THE COUNITER
1S GLIVEN A

- R =1 /¢ 2 . Ja b

WHERD P IS PROFMORTIONAL O MTHE SOURCE TNTENSLITY. FROM EDS 7.5 AND

:‘-(’Iq
= L/ 1 = LxT ) = 31 /0 (r 2/ F 3 vt 1, T 7
SO THAT

y

Rxy 2= - Rxap st 1 | . e
A HLOT OF Ree U VENRGUS FCGHOULD BE A STRALGHT LINE WITH SLOFE
P& AND TRTERCLPPTS,
Rer 00 =} s R o= 1/ b . RFRAE
IF THIO LS MOT S0, DEAD TIME t I5 NOT JNDEFENDENT OF COUNT A (E.
4. COFMON STARITISTICS FOR DXPONENTIAL DIFCAY

THE PROCAGTILITY Dp OF A RALTOISODIORE DLCAY DURING THE TIME
THRTERVAL DE 1S GIVEN DY FHE BOUATION,

Dp = LEMEDT , 4.1
WHLRE. 1 TH THE NUMBER OF A1OMS AVATLARIL FOR DLCAY AND L IS THE
DECAY CUMBTANT. [F WE DIVIDE TIMF | INTD n EDUAL INTERVALS DT,
FHF PRORARIILITY OF NO DECAY TR TIME T FOLLOWED BY A DECAY IN 1IME
DT IS GIVER A5

FORsDE = (1 - LaN»DT ) n $LEN#DT . .2
AS n RECOMES LARGE THIS REDUCES TO

FOTYRdT = L EXP ( LeRsi ) TelwN=dT . 4.7
THIS DISTRIBUTION OF THE TIME BETWEEN DECAYS HAS AN AVERAGE OF
I ¥N AND A STANDARD DEVIATION OF LkM. GIVEN THE TIMES T(I)
AGSOCTATED WITH A NUMBER OF DECAYS N(I), A NUMDER OF TECHNIOUES
HAVE ECEN USED 10 COMPUTE THE ORIGINAL NUMRER OF ATOMS N(O) AND THE
DECAY CONSTAMT L. IF THERE ARE MANY DECAYS FER UMIT TIME, [T IS
CONVEEMIENT 10 WRITE THE DIFFERENTIAL EOUATION,

drd / dT = - L N . 4.4
WHICH HAS THE SOLUTION,

MY = MDD EXF (- LT ) . 4.5
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SINCE THE COUNT RATE IS PROPORTIONAL TO N(T), A& PLOT OF LOG
COUNT RATE VERSUS TIME HAS A SLOFE OF -L AND AN INTERCEPT L#N(0O).

IF EVENTS ARE FEW, WE NEED TO DEVELOF TECHNIOUES TO EXTRACT
AS MUCH TNFORMATION AS FOSSIBLE FROM THE DATA AT HAND. TO TEST
THE VARTOUS TECHMIDOUES, DECAY DATA WAS GENMERATED BY COMPUTER ANMD
THE DATA WAS FROCESSED BY EACH TECHNMIQUE TO SEE HOW WELL IT WOULD
D,

A COMFPUTER GENERATES RAMDOM MUMBERS X(I) DISTRIBUTED
UNIFORMLY TM THE IMTERVAL BETWEEN ZERD AMD UNITY. TO PRODUCE
MUMBERS CORRESFONDING TO RANDOM DECAY TIMES, WE EOUATE THE
DISTRIBUTIONS,

FOTY dT = F(X) dX, 4.6

WHIZRE Fe i) COMES FROM EO 4.7 AND FX) IS UNITY. THE TINDEFINITE
INTEORAL O ROMH GIDES OF ED 4.6 YIELDS

= - (1 / HNsLo ) LOG (1 - X)) “ 4.7

BPECAUSE X IS5 & ROMDOM VARIABLLD, WE CAN WRITE

1

FOTD) - 1 / MNilyel. ) LOG (1 — X(I) ) ' 4.8
WHERE

WL

i
3

L) - T o+ 1} 4.9

I EVENTS ARE TMEW, WE CAN REFCORD THE TIME T{I) FOR EACH DECAY AND
FIT 0 4.8 TO THE DATA. THE RESULTS ARE GENERALLY FOOR I WE USE
LAt SOUANRITS FITS. USING THE DISTRIBUTION OF E0 4.2, WE CAN

AL CULATE THIZ AVERAGOE fiMe o] BETWEENM DECAYS TO DRE

tCly =t /0 O w0y - 1+ 1ixl ] “ 4.10
AP R DIARFGGHG LHG,
It 1) = ( MDY + 1 et () - 1 / L . 4.11

A LEAST SOUARES CURVE FIT OF 1ot (f) VERSUS t(I) SHOULD YIELD A
SHOPC UF 0 N{wy 1l AND AN TNTERCOPT OF -3 /7 L o THIS OFFERS LITTLE
[MPROVEMENT. WE COULD REARRANGI. EO 4.5 10 1THE FORM,

Py = A0 LOG WOy - (L0 LOG NOD) " 4.12

A& LEABT SQUARES FIT OF T(I) VERSUS LOG N(I) YIELDS A SLOFE OF
=LA AND AN O INTERCEFT OF (1/L) LOG MO).

WIE MIGHT THINE THAT THE METHOD OF LEAST S0UARES GIVES TOO
MUCH WEICHT T ERIRATIC (RARE) EVENTS AND THAYT SDME SCHEME T0O GIVE
LESS WELIGHT 10 FPOINTS DISTANT FROM THE CURVE FIT MIGHT RBE BETTER.
A SOUARE UOOT AND FOURTH ROOT OF THE SUM OF SOUARES RESULLTED IN
SMAL L. THMPROVEMENTS.
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A0 QTN URERO TSR, THET PIETHOD O W GCIMURT L THT D THEIND WAL
gy T el LowbiD MO L T 18 olLURRG THET o SEDENLCE OF DEEAY
Podb PG, b Gticiid L 1Yo 7 Aty 0y, THE DD DE AW T o LVERTS T 6liD
Pobe 1Al & PROLAGHLTY CLOUE 10 T Mo THUEL HHE PROBABILICY FOR
s A P OER N GARE T WIRE LTI 65

PrEcry Ly n o = i el () P {0 aanas 4.17%
WHIE L B 1D iy s TAMT OF PRGN HONSILTTY ATiD

FOTY o~ b rloePObyalXE 0 FIOLywl w070 ] " 4,14
T PR 30 MU HENAGAIY AR & T OOORETHIM TN THE F ORM,

FAHG T 0, OOy SO0 O b 20T MOy L ab (T 4,105

VS THG bt THE RGN GUHTR- W i RHYSE Vel b O b oDy AR L WHHHCH
MOATHLIEY THIS TUNCTHOM.

LGOS USTRG THE VARTOUD TUSHRTON S Afa SHOWM T 1al0 L 4. L.
PT 00 SULN THAT DT PIIFHOD 0F WastHuM 161 DHG0D 15 CONGISTENTLY
ST TOR T OR M) Pow DEACLNG LRSS LoiHas 1S O DISTANT POINITS
SOWCH T IL L LE TIE o THOD UF B LHUE L De T THOO9 15 MO UsSeD.,
S bl SHNWG T LD GULTS D USTHG VD DHEURRE M FRTHODS ON FHE
GO 0 DATA.

GG PR SSIDI, LD G MO L FHAT L0 01T BOUED b USED PO 0
PRI DISIEITLION TF Latl(T) 15 RLPLACETD (7 1. T RECUL LIS

R A I R T

POG DT Oy L0 yaa b SUHELY | Ut 7)) IR ;
Pl OG ) Kl 1w , a4, 14

WHItd 1 1S i TEal THME mofe 1) COUNTO. D MAXTHIZATLON OF THIS
FLEBHZT LOM OQCCURSG WHEM L-R/T, 30 THNTD THIED DISTRIDUTION OF TIiFE
PIZTWITRND LVENTD 18 MOT UGPFUL TN STUDY NG & POTSOON DISTRIREUT TN,
OMly T3 10TAL TIMD P AND THE 101AL COUNTG N1 THPORTANT .
v TREMTHL N OF MOWER GHFLTRUM DATA

CVEMTS OO0 ING THH. DLGTRIDUT [ON,

POy sl = fakE nrdle el
ARD CHARALTERIGTIC OF COSMIC RAYE AND RADTATION BELTS, WHERE E IS5
ThE Dalirtehr BEMNERGY AMD PE) #dE 18 THE PROBARBILITY OF OBSERVING A
FARTICLE WITH ENERGY BETWEEN E AND ErdE. [(HD MORMALIZATION OF
THIS FUNCTION RESULTS N THED LLOUALITY, -

A= -1/l Brl) -UL C BH1YD ’ S.2
WHERE LL IS THE LOWER ENERGY LIMIT AND UL I8 THE UMFER EMERGY
LIMIT. USING THE MIETHOD OF SECTION 4, THIS SPECTRUM IS SIMULATED
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LIZAST DISTANCE 1TERATLION
ROOT MEAN SO0UARE 1TERATION

SOUARES FIT 3
TIME BETWEEN EVENTS I-1 AND I
~ TIME WHEN EVENT I OCCURS.

L - DECAY RATE CONSTANT

i NCGO)

)

L O6G

S. D.
1.14
1.62
2. 64
5.61

1.7
TLinl
“.87
.01
1,00
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3. ‘Z:“;I:‘i e

AR TARLE 4.7

COMPARTSON O SOME METHODS USTHNG THE SamE SET OF

SEED = 11111 EVENTS = 70 LaMEDA = 1
M0 LAMPDO METHODx EOUATLON®»

28.% 1.27 1 1

27,5 .88 1 2
28.8 w. 9 1
29.3 Dl -

D7.7 0.97 <
7.8 .74 =
2741 2.97 3
=3.9 76 =
VR 1.17 =

T S N R R

P 1.99 4
7.5 0,40 <
TP 1aurl i
27,0 l.14 ] 4

# METHODS

Lo LEAST GHM OF LUUNRES OF Y On) ey I

Se LEAST SUM OF ARGV LY MeX(I, B)

o LEASTH SUM O LORCOBS Y1) ~MaX (1) +8))

4. LEAST SUI OF DISTANCEDS OF POINTS FROM LIND
Geo PECCLEH LR L THIOD

gr LOUGTLONS

Tao Tet{l) (Mg + 1y xt (1) -1 /L

Do OGNy = LTI 4+ LOG MDY

e TOYY = - LMD BCYY 3700 a0 10 n(e)  1/L0

M)
T8
Lils

= P VINTE NEMATNING
= HAD WHEN T h IVENT OCCURS
= TOLy-TH4L-1)
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BY THE RANMDOM MNUMBER STATEMENT,

E(I) = ( LL" (-B+1) -~ L(B-1)#X(I)/A1 )" (1/(B-1)) ,

(]

w

WHERE X(I) IS A RANDOM NUMEBER DISTRIBUTED UNIFORMLY IN THE
INTERVAL [0O,13. THE MAXIMUM LII ELIHDOD STATEMENT IS WRITTEN AS

LOG POL,2,.00) = SUMCCIY € LOG A - B#LOG E(I) . S 4

TARLE 5.1 SHOWS THE EFFECTIVENMESS OF THE MAXIMUM LIFELIHOOD
METHOD OF EXTRACTING THE EXFONENT B FOR THE DISTRIDUTION,

IF DaTA 15 DINMED, THE PROBARILTY P TE(I) ,E{(I+1)]1 OF AN AN
OBOURVED FARTICLE HAVING DHERGY I THE "BIN" BDETWEEN E(I) AND
E4Lrdl) IC THL IMTFGRAL OF THE MORMALIZED DISTRIBUTION FUNCTI1ON
BETWEEN THIGE EMIRGTES OR

FLECT JECDIIY T = A/ 1)YLECT)Y (-Rt1) E(I+1) (-B41)3. 5.5

THE MAXTRHUIT LD UL THE0D STATEMEMT FOR A BINNED DATA 1S

kY
o

POG 1,0, T, . e e - GHMOTY BOTY LOG T O3
WHIF.RE
O={0 E(I) ( 1) -E(I+L) D+ 3/0 LL (R -UL (~BH1YI. 5.7

THED RESULTS OF SOME COMPUTER EXTRACTLION OF EXFPONENTS FOR FOWER
LaW GRCCIRG ARE GIVEN TN TADLE S.1. IT SHOULD IE NOTED THAT
CINNING TS A WayY OF THNTRODUCIHG UNCORTATNTIES IN THE DATA OR A
WaEY OF THROWING alWay INFORMATION ETTHER BECAUSE OF CONVENTEMCE OR
MICESSTTY. W RESULTS OF TARBLE 5.0 ARL FOR RINS OF EOUAL SIZE.
THE. FMERGTES 100y DITFIMING BINS COULD HAVE DEEN CHOSEN BY
GLEOMLTRIC FROGICSSION OR OITNTERVALS OF EOUAL PROBABILITY OR ANY
OTHER WAY BESIRED.

55 4 BURMARY, WD CaN 8AY THAT DATA SHOULD NOT BE DINNED
UNLESS [T I35 TRESCAraBpLT.

H. RANDOM ERRUR AND SPECTRUM EXTRACTION

FOR VARTOUS REASONS., THE RESFONSE OF THE DETECTING
PNSTRUMILNIES I8 DIFFERENT  FROM THE REAL ENERGY SPECTRUM. THE
LEAST TROUOLESOME ERRORS ARE THOSE WHICH RESULT IN AN ENERGY
URCERTATRY OVER & LIMTTED ANGE. BINNING, FOR EXAMPLE,
INTRODUCES AN UNCERTAINTY EZOUAL TO THE DIN WIDTH, AND WE CAN
SIMULLATE OQULTE EASTLY WHAT RINMING DOES TO THD SFPECTRUM
EXTRACTION. BIVEN A RIN DISTRIBUTION AND THE ABILITY TO SIMULATE
THE EFFECT OF DTNNING ON A GIVEN SFECTRUM, WE CAN ALWAYS FIND A
SFECTRUM WHICH REFRODUCES, WITHIN' THE VAGARIES OF STATISTICS, THE
EIN DISTRIBUTION. SOME INSTRUMENTS WILL DOCTECT PARTICLES OF A
GIVEN ENERGY EC(I) AND INDICATE A DISTRIBUTION OF ENERGIES E(J)
SUCH THAT © © E(J) « E(I). THE PROBLEM 0O EXTRACTING THE ORIGIMAL
SMECTRUM THEN BECOMES DIFFICULT OR IMPOSSIBLE.
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TORLE L.
MAXL1rUR L ELTHOOD TREATHMFMT OF POWER DISTRIDBUTIONS

T PR I A BERD = 212 St - 2D
=] e =3 b=l Ul==10u i1 U= 1000
FXFr = 7.7 EXF = 0,7 EXE = =207

EVENTS ERE FVENTS EXF EVENTS EXr

10 - 1 -, 10 -0
S 2.9 0 ~h. 0 o - Ta )
W - T PR T Y]

34 .7 G .8 W, .
B L b3 jun o.8 Jos Vil
L) -0 LRI Y o ara
dind A o) LT

TR L 95,02
BLGHL PG O MEXTMUM LT EL THOOD TREASITFENT OF HUNNIMG LRERORS

EAVERTS i Ub. BING EAE(GIVERD EXP i

W i o i a7 "l
o 1 = %.; .7 -T2
100 } 3 1o -7 L B
T J Lo -7 ~-2.87
IRIE] 1 = O D7 S.872
eI 1 5 AW a7 “o. 8l
AL 1 10 g S T AL TR
(UL 1 - TRl =27 P M
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S A FIRGT EXENRCISE WE WILL LOOV AT THE EFFECT OF A
MEASURING UNCERTAINTY WHICH IS5 PROPORTIONAL TO ENERGY, NAMELY,

E(F)Y = E<XI)#( 1 4 FR{0O.S-ND)) ’ Hal

WHERE S(I) 16 THE INCOMING EMERGY, E(F) I5 THE READING FROM THE
TNGTRUMENT, ¢ REFRESENTS & RELATIVE SFREAD AND RND IS A RANDOM
MUMOER UNTIORMLY DISTRIBUTED BEWEEN ZERO AND ONE. FOR EXAMPLE,
I f = 0.1 THEN O.95#0(1)  E () 1.05#E (1), TABLE 6.1 SHOWS THE
EFFECT OF INTRODUCING A RANDOM ERROR SUCH A5 TNDICATED IN EC 6. 1.
LT TS GELN THAT & RATHER | ARGE ERROR OF 1S TYPE CAN LE
TOLERATED WITHOUT SERI0US DECRADATION O GUR ARILITY TO EXTRACT A
SIE CTRUM.

TO ILLUSIRATE [ SECOUD FIND OF CRROR, WE IMAGINE THAT THE
LNCOMITG ENCHRGY £ 1S DEGRADED TO A READIMG E° ACCORDING TO THE
DEGTRIL O,

FOE L) = el (D)) %47 #LXE (- (BB )/ (hek) ; 6.0
WHUIE A0 G 1D REFRESLENTS THE INCOMING SFECTRUM AND THE REMAINING
FALTOR RETROSUNTS THE DEGRADATION OF THE INSTRUMENMT. THE PRODUCT
hele IG THED AVERAGL DECRADATION C-L . THE RESULT OF USING 11418
PIGTRIBUTION 18 SHOWN 1N TARLE &.7. IT 15 OFEEN THAT THIS TYFE OF
CREOR MALES THE SFECTRUM LOOF S1EEFER BY TRANSFORRING EVENTS FROM
HIGHDR 10 1 OWEe EMERCIES.

7. COOSMIC HAY DATA T ROM CLIEN OV COURTERS

WHEN & HTGH CHERDY NUCLEUS WITH SPEED V' AND ATOMLIEC NUMRER 2
TRAVERSES & REFRALTIVE MEDTUM WITH REFRACT IVE [NDEX N, & LIGHT
FULSE 19 GLNERSTED ACCORDING 10 THE FURMULA,

o= L ECZ D)% 1 - (C/VsiD) 2 ) , 7.1
WHERE € I8 MIE SPEED OF LIGHT N YACUUM ARD | IS A CONSTANT. IT
IS SEEN FROM EQ 7.1 THAT L(MAX), THE MAXIMUM LIGHT FULSE
AVATLALLE WHEN V/C = L, 1S GIVEN AS

L(MAX) = Lx(Z 2)/C 1 1/N 2 . 7.0

THE INDEX OF REFRACTION N OF THE GAS IN THE COUNTER WAS 1.00115
SO THAT LMAXD) A% (Z 2)) = 4T5.57 .

THE CERENI OV COUNTER ACTS T0O CONVERT THE ENERGY SPECTRUM,
NE)Y = A #® E~(-H) ' 7.3

TO THE FULSE HEIGHT SFECTRUM F(L) WHERE

N(E) dE = FP(L) dL ’ 7.4
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TABLE 6.1
EFFECT OF SIMFLE ENERGY UNCERTAINTY ON SFECTRUM EXTRACTION =

FLEY = A E (-8B g o= 2.7 Ll = 1 UL =3

EU-) = E(I)#(L 1 h#( O,5 —~ RHMD J)

EVENTS CRROR PARAGHMETIR h EXTR&ACTED B

10 w. i P
10 a2 e
1o 0.3 n.a7
10 1, 8 D57
1o 0.9 aab s

10 1.9 .84

TARLE 6.2
EFFIECT OF LAPONENTIAL DECRADATLION O SRECTRUM DXTRACTLON
FLEY = & E (-B) RB = 2.7 LL o= 1 UL = 3
Fr{i,F ') = fA=E CHY-GEXF [-(E-E")/thsE) ]

EVINTS ERROE MARAMETER b EXTRACTED I8

Loy 0,01 e

Lo ] AL
10 0L 00 1.5
110 0. 30 AR
18 0. 50 ¥tk
T vy, Uil a0
Y] .0l P S L)
0 0005 .50
S0 Vi 10 4,5
S0 IRIRAY FE

w3 k& FPROCGR&M THATLED TO RUN

XXXVII-12



OR
F(L) = M(E) (dE/dL) . 7.5

THE FINETIC ENERGY E OF A FPARTICLE OF MASS M 15 GIVEM BY THE
EXPRESSION,

E = (BAMMA —1)*MslC 2 , 7.6
WHERE

GAMMA = SOR( 1 / (1~BETA 2) ) 3 EETA = v/C 7.7
AND C 15 THE SFPEED OF LIGHT. IT 15 COMVENIENT TO EXFRESS ENERGY
IN UNITS OF MC 2 SO THAT £ = GAMMA—1. AFTER & LITTLE ALGEBRA WE
FIND THAT

E o= L X/(X-1) 1 - 1 , 7.8
WHERE

X oo (N Dy 1 - (LY ). 7.9
USING THESE DEFINITIONS,

df/dl = LN 2) /(0% 3 Inl X¥(X-1) T 1 (~1/D) 710

THE NORMALIZATION CONSTANT & IN EO 7.7 IS5 FOUND BY DIRECT
INTEGRATION QF EO0 7.2 TO ne

AGo= (B-1) /0 WL O B+l — WL (-B+1) 1 ’ 7.11

WHERE LLL 18 THE LOWER ENERGY LTMIT CONSIDERED FOR THE
DISTRIDUTTON AND UL 1S THL UPPER LIMIT. PFUTTING EOCS 7.3, 7.8,
7.10, AL .11 TOGETHER, WE FIND AFTER & LITTLE ALGEBRA THAT

FPaly = LOArN 20/ (20=b) 31/ (50RX)-50R{1-X))1 R *
SORGI/ZX) » (X-1) ((B-T7)/20) 7.172

THIS DISTRIDBUTION TN PULSE HETGHT [S RATHER FLAT WHEN B=2.9, IS
MONOTONIC UFWARD FOR & © 2.9 AND IS MONATONTC DOWNWARD FOR B
2.9, THE (I--7) EXPONENT IN THE LAST FACTOR OF EO 7.12 IS LARGELY
RESFPONSTELE FOR THIS BEHAVIOIR. AN IMFORTANT FEATURE OF THESE
CURVES IS5 THAT, AS B DECREASES FROM =, THE STACH TNG OF THE DATA
FOINTS JUST BELOW L (MAX) BECOMES MORE FRONOUNCED. FOR B Ty

F o)y 18 RATHER EVENLY MONATOMIC DOWNWARD FROM BEGINNING TO END.

THE FROBARILITY OF ONE COUNT WITH L<I) « L - L(I+1) IS
PO.(D)) 80 THAT THE FRORBADILITY OF N{I) COUNTS IN THE INTERVAL IS
FO.CI)) N(I) . A GOOD MAXIMUM LIt ELINOOD FUNCTION P IS GIVEN AS

F o= FRODUCT(I) F(L(I))Y N(I) ' 7.13
OR
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e T - CEIMOTY NGEY e T RGP (T . J.11
THIS FUNMCT LN IS EASILY MAXIMIZED BY THE MOTHODS LEVEL OFEL THE THE
O e COMEUTET PROGRAMES.  ITF WE 2O HOT 2 HETD DAaTh, A

EOHVL TINT S Ul L3 LLIHOOD CUNOTLON 15 GIVEN &5

PO e Uy LG i)y | Ja

H Wiz LT I AND LMSX) LD VARTABLES, WHIRD L a0 FUST DE

o THnd Gady PG R TOHT 00y UOED, WE CAl FIMD B alND L apliaXxn
LD DRATMT ST LOG T TR THED DaTa. ANY aNBNLR D B 4 I5
MROLr R PTON GRALTL UARTATLONS L U MAX)Y o THIED Lu T ARD MOST

Elobu i el o L OLLT S UL.!"'Y SOTATNTD BY MaXIMIZING CLOGTY I/ WITH I
Gl P beey GO Vel G, WHERE M 1S HTHE FOFabl MUMLLIR OF PARTLOHES

L PN HHE MK AT TON. [y SHOWU D L NOTD THAT oy 10 RellER

PEcb ARy PG Gad P URESE OB WHITOH RIGMDOMLY  CHNMGES il OisE O !H‘
Poriadbbl TUb OLG WL NOT CHANGE to ANy APPSO Iaidr D AHINE HHE BHA
O ¢ Gy DR H2H D 1 TaUSTTOM P dery XCERE AT THL BEHMDSG. BOATN W !"H
Lol Loarhndy 10 RET LHCTRD DHROUHETD LOMadd T8 a0 sty EMITRGY
SobodbieAy oDy o il nlniEEMT TR PO 8 BEES LD Gl TS TE WK
'"H Ol Tu el R GHTT CF POy & MR LRNGE oLl e, THEL
R I oo bbb o b Ae edetas )y RDTWITORD THEL TWO DTS TRIBUTTGHG ARE
} li . v—l O TR THGGLIG . SENCE [AuiiafiGlns nlkes ROUSL . THD LY AR AGE S
Cobibnl oo b Doed Lo DHD Y FOTDREE by FRASLRVE L) HE i
TRV O I O N B O TS STRTO¢ N N

POUT e e P PR b S GfdemON GEHI FIRRON LHEMDS RAYS DY
T AL AL MU LR T L THIOOL TREATHLHT AR SHOWID I FIG 701
SNTE T DRI 1 5 U B

o GHMMARY

CENETTONL N b TE IR GER G W DLVCROPED Y0 X Tl
VOGRS R DATA OF FaaMDu P VNS THL BE ST ur THE I W e
Loy OB MO PMUM L IE RS THOOD S LEENTO . THIESL M THODRS PROVED
GUECELSSE UL TR IRTATIMG DA T ROM LIS RAYES FOROTHE 2009 OF
Croalanutd GiD JEON MUSLE L.
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" TABLE 7.1

ANALYSTS OF -DATA OBk TRON NUCLET
per Ly M %Y
MUMBER OF DATA FOLNIS 8o
STARTING SHECTREL IMDEX FOR THE MAXTHMUM L1FELIHOOD 1TERATION 2.7
STANRTING L (HAX) 2114
FINalL, SPEITRGL THDRY L.0958

FORGE  LAMEXD SODTLG
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10 °© PROGRAM TO FIT F(L) TO IROM DATA UL=L (MAX)-1 L(I) : L(MAX) REFLECTED
o0 © B:NASA48D.BAS K. D. SHELTON 29 JULY 85 09:32

0 CLS

40 DIM L (200),LL(200) ,FP#(200) ,E#(200)

50 DATA 1270,767,1937,1950,1986, 1628, 0466, 17567 ,2079 , 2247

60 DATA 1974,1895,0107,1968,2195, 1965, 468,20°7, 1602, 1958

70 DATA 630,1217,1018,2074,1494,911, 1207, 1948, 1880, 1947

g0 DATA 1828,0007,%44,901,1990,1965, 1805, 1070, 808, 1467

20 DATA 1647,1370,605,640,1419,484, 1951 ,662,617

100 DATA 1667,1064,1770,2107,1726,1125,0004 , 670, 2468, 1177

110 DATA 642,1827,0176,1953,1154.754,1841,1738,2059,977

170 DATE 1627,1578,10046,1730,0074, 1874, 04758, 1448,812, 2040

170 DATA 1590,852,7063

140 SUM#=0 e ORIGINAL PAGE IS
150 PrcoUBRRES. BEEEY (PPFS#E8 0

160 FOR I=1 TO B2 OF POOR QUALITY

176 RIZAD LL (1)

180 © SUMS=SUME H_L# (D)
190 ©OFRINT I,LL(I):sIF I MOD 20 = o THEM INFUT 7%
200 NEXT I

D10 FOR I=1 TO 82

APAS) FOR J=1 T6O 82

o0 IF LL(TY L (J) THEN Swar LL(I),LL ()
40 NEXT J

250 1 1 MOD 10 =0 THEN PRINT Ij

D60 NEXT I

DTG FOR I=10TOOOD

DE0 LERINT 13" "sLL (D)

LN NEXT ]

T COPREFARL FDR TTERAT ION

IO LS ERINT

At BTN

R PiMed p B L s T Lo PIRINT : INPLT 0 ENTER STARTING EXPONENT "L ME
T PTEINT

TE TNEUT " EMTER L (M0 o

ey STa=) . 00115 CTOS=ETH 0

G Flefnd s TREUT  ENTES S3TEF FOR EXFOMENT 7,7t

o0 IR oZE MY OTHEN HM#sVAL (23)

400 FRINT: INPUT " ENTER STER MO L{MAX) ", Z2:FRINT
410 IF Z& " THEM HOH=VAL (I§)

470 fFIT & THEN EDTD 460

430 GOSUD AL0

440 G La=Gh

450 “ITERATION SCHEME

480 BOSUER 810

470 GOSUE 740

450 LOON =IT MOD 1u:PRINT

450 IF L00F- 0 THENM BOTO 460 FLSE GOTO 300

Tl FRINT
Sie INFUT "CHOICE 7 CR-GO ; C-CHANGE STEF sP-LPRINT LL(ID) ,L(D) :00-0QUIT " ,Z%
S0 FHINT

570 1F 7%="00" THEN PRINT Lz "3IT:" EXF = “3Mi#g" L(MBX) = LRyt
540 iF ZF¥="CY THEN GOTO 380

50 IF Zx="1"" THEN GDOTO 970

B0 IF ZF="00" THEN GOTO &00

=G0 [F 7H="00" THEN INPUT Z2F

BP0 GOTL 460 , XXXVii-17'

GO MDD ‘
10 SRR TO COMPUTE SUMS FOR ITERAOTION

20 GE=0:lL=460:t #=08/ (1- 1/ETT#)

&40 FOR JJ=1 TO 82 1

&80 [F LL{J3) =B#-.5 THEN L(JJ)=LL(JJ) ELSE L(JJ)=C"rBH-LL{(JJ)
&= NEXT JJ .

SO0 XB=ETO#H (G -LLSL#) s CLLS=50R (X8/ (X#—1)) 1

70 X#H=ETO#H: (1 -{DH- 5 /R H) t ZUL#=B0R (X#/ (X#-1)) -1
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