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A.A.Axytt.noa! r.B.Mm_\eJibMaxep, H.JI.CaaeJibeaa 2 

AnrOPMTMhl MO~E]MPOBAHMH 

PA~MAUMOHHhIX PACTTA~OB n - M P-ME30HOB 

METO~OM MOHTE-KAPRO 

1
• Aaep5atin)KaHCKHH rocynapCTB0HHblH YHHBepcuTeT, EaKy. 

2' 
MocKOBCKHH rocyaapCTBeHHb!H YHHB8pCHTeT 

HM. M.B.noMOHOCOBa. 



AxyHnoB A.A., MauenbMaxep LB., Caaenbeaa .H.n. PIO - 11372 

Anropu:TMbI Monenu:poaaHlUI patlB8UliOHHbIX pacnauoa 11- H 
_µ -Me30HOB MeronoM MoHTe-Kapno 

OrrHCbIBBIOTC'SI 3cflct,eKTU:BHLJe anropUTMhI r-.10nent1pOB8Hl{SI pacrranoa µ .-e v,, )' 
" 11 ,evy MeTOJIOM MoHTe-Kapno. Pa3pa6DT8HHbre .anr-opKTMhI, no3aonsuowu:e 
cyrueCTBe-HHO c·o'Kp8TH:Tb BpeMSI Bbl'IUCne.lHHI 3•~ifie1CTUBHOCTefi perHCTpaUIIU 

pacnanoa, -HCnonb3oaanu:cb nng ~.1onenu:poaattu s:i: a aKcnepuMeHTax • no uccneno­

laamuo peJlKHX pacnanoa IU10HOB H MlOOHOB. 

Pa6ora BhmonHeHa B na6oparop•a 11nepHblX npo6neM OHHH. 

Coo6wenae 061,emrnenaoro HHCTHTyra l!JlepHhlX Hccne~OBaHHli. 1ly6Ha Hl78 

Akhundav A.A,, Mjzelmacher G,V., Savelieva N.L. PIO ·· 11372 

.Algorithms for Modeling Radioactive Decays of " and 
µ- Mesons by the Monte-Carlo Method 

Effective algorithms for modeling decays of .µ--ewyand ,, ➔ evy 

by the Monte-Carlo method are described. The algorithms d.aveloped 
allowed one to considerably reduce time needed to calculate the 
efficiency of decay detection, they were used for modeling in expe­
riments on the study of pions and muons rare decays. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

@ 1978 O6r,e11HHeHHbI/I BHCTHryT II/lepHbIJC HCClleJi0BBHBII P.y6HB 

Ilpu .:mcnepllMeHTaJII,HOM n:ccJie,n;omunm pe)tKIIX pacna,noB Bos11u­
KaeT Heo6xo,n;n:MocTI> Mo,n;e.mrpoBaTh npou;eccu Ha 3BM. Xopo111O paspa-
6oTaH!illM MeTO,!l;OM Mo.n;emtpoBaJUIJI .llBJllleTCJI poaurpll!II ItoHe<nmx COCTO­
mmil tJaCTfill; paBHOMepHo no qE.30BOMY npocTpaJICTBY • Ilpll 3TOM HH­
Terpa.ir no qasoBoMY O61,euy DlltJllCJISieTcJI no ~pr,iyJie 

I~ S2 e,,.. ) f__ F: , 
,V-JC,.,, '., 

r,n;e f"; - 3HatJeHlle no,n;llHTerpaJibHOll qJyHltu;IDI B CJJY'ffiillIOli TOtJKe, 
/1/ - tJllCJIO pasurpa.HHWC TOtJeK, .:a_ - qE.3OD!lli 061,eM. 

0,n;Ha.KO ec.mr Be.7IK'tllHH F; CWll,HO cpnyKTYHPYJOT OKOJIO cpe,n;He­
ro 3HatJemm, cxo~ocTI> K npe,n;eJIY 6y,n;eT otJeHI> Me,n;Jiemrnii, n ,IT,Jm 

no.n:ytJeIDIJI pesyJil>TaTa c TOtJHOCTl>D He xyJKe IO% Tpe6yeTCJI HeonpaB­
,n;rumo 6om,moe BpeWI. Hmlte ll3JIOJKeHll a.nropn:T?.W Mo.n;eJrnpoBa.mm npo­
u;eccoB )' +-,. e+ .., t ... 1, .. '( , J, :__,. ~ • + ~e + f I IlO3DOJISI­
IOllUI8 rrpoBecT:r.I llHTerpupc>Bamm B pasyMime cpoKII. Hameii u;em,10 JID­

JiffJIOCI> Bhl'IlICJieHRe BepoJITHOCTeil perllcTp~ 3TIDC npou;eccoB. 
I. Pacna,n )1 ♦ ~ e ♦:.. ~ .. -1,,. ♦ r . Ilpn: pactJeTruc IIW HCilOJII,3O­

Ba.Jm llHpaieHRe ;n;.,m .IUiqqiepeimaam,Hofi BepoJITHOCTll pacna,na. B cnc­
TeMe noKoR MJOOHa,rrpomITerp11poBaHHoe no m.mym:,cru~ neiiTpllHo/I,2/: 

. . . .. ~ J ·3· - . 

rl _d.G- .l:!_td!<! w -3 r~;i)zr»,,_, M £ w , 
r.u;e £, w -' :meprmi: _no3i!Tpolla n: qm-oHa, p - n: k - IJX mmyJI1>c11, 
,j. : d/J.57 ; (J • ,o·/4,Z- ltOHCTaHT8. cJIB.6oro B3allM0].1;6HCTBWij . 

M/'-:. 1.'"91/.p,z•_(l) ~ ':i-1:~t:;/~i>>~ 0 4, ;:~?~..; ~~£{i.~pee,EkK)f X .··. 
X 1',?q,¾- •) ''.I- . . m., • 2 ) 
rn,..vlt:{',-jJ{kf)~j) ) 9 =-r-;..'--:J,..-,_,,.Jt:..,+w)+2cw{t-13t!ei0e~ j 

{I) 

3 



0el - yroJI rneJnJJY :m.mym,car,m nosnTpoHa II qx>ToHa; J3 ~ 1/E.~-.,.,••· 
m., '')-< - Macca 3JieKTpoHa n 1nooHa. 

' 06osHa'mM l< = ~ '1 = ...£ 2. =1. f3 &s· l>pl' • 
.,..,.,.,.,.. ' 1""'1 ....... 1-

llepeiiAOM K cg_ieplI'!ecKID\I KOop.zurnaTar,1: . 
. J~ ,:1:Jj = E'w'J£q'c,Jcld,,0,. clQs D.! ol'f'.. d<r6 t 

s.nec1, 0,, 98, If., 1 t.[6 - noJIHpuae n asm,YTaJII,uae yrJru, onpe.neJimOlltlie 
Hanpa.BJieHne IlMIJYJ!I,COB no3lITPOHa II qx>TOHa. 

CAeJrae1.1 sar,1euy nepeMeHHmc w -"' -x , E - 1 

n rrpom1Terp11pym,1 no 04 , rfe , 'f k • Terrep1, 
Bepo.fIT!IOCTII perncTpaUIDI MOlKHO 3amICaTI, B mme: 

, lkDe --.-l. 
BHpaJKeHlle ~ 

J .lw m 'l .J J ~I' ) 1 f (Z) R• .~ '+-'=-:-,-A 7 xy_MIK,Yl rpJ,o<o; 0 r. 
w_;; .... ~v 1,,'), ',._ ,,.,•<;' 

3,neci, \/.j. .. ,,JJ - Bepo.fITHOCTI, pacna.na )' '_., • J~ : vi/,,.¥;/ ,2 {ou,p; 
<p - %11IB~m. Y'!UTHl3a!Qill8Jl 3aBlICl!MOCTI, BepO.fITHOC'n! perncTpim,lli 

OT reoMeTp:tm ycTaHOBKH/3/. _ 
HeTpy,n;uo ycTaHOIDlT:E.,. 'IJTO qJl'I3ll'IJeCKM OOJ!aCTl, ll3MeHeHlI.fI ne-

peueHHIDC X , ~ , II 2 sa.naeTC.ll H8P{!B8HCTB8Mll /ri'"" 
o;;l+"t-:J.(x-.<J)+2X<J'l,s (i-vl')', t-{J-f,£tz~.1-'l.1.-;;>:, 

. 2 

r.ne "l : { Y'>'1e /,/) • . - . . . . 

B BupaJKeHlilI (2) BHOepeM CJ!e,IJJIOlllltli nopsmoRlIHTerpHpOBaHlI.fI 
Jo/v.,;/'1~/p J,(~ Joix Jrh . ; 

Tor~/ i I , ¥/d!j !_JKJ, J;:· . J~;; Jj;] 
Jeu>1~0, J• x ... _ 

1r O r:1. .1 " 2 

(3} 

" . ✓~ -~ ~(K+~)-f-~' 
rAe x ~ = .i - .f - -~ , fl_ ... .,. ~ 1.., Vl - ;;-; !?, = ,:z , 

' J 1 I' !j . 

't1 = 
1/4(r-~.-J':l2-~)l )(.._."'-> =.J/.;/4-!j-<-{<JZ-"l,). 

B COOTBeTC,TBlm C BHOpamwM nopMJtOM lIHTerpnpQ_BaHll.fl pasar,H-
BaeM B rrepByro O'!epe,!(l, ~ PaBHOMepHO Ha lIHTepBaJie L ~\.We 

1 
.1.; ~ , 

r,n;e ~.....; .. sa,naeTC.fI YCJ!OBRllMR 8RCIIef,HMeHTa. Ta.K Ka.K BHpal[eHRe . 

,Il,)IJI Jvl RMeeT ocoCSeJUiocTlI Blf,Ita Ix n: 1/~ , CSy,neM pa:mrpa-
BaT:E. Y.. H z. C WIOTHOCTJIMH, nporropnnoHaJrE,HHMlI 8TllM MHOmtTeJIRM. 

PasarpHBB.eM x no tI>opqJie } 

{ &,.~ (4) x = x~ ... up o.x . X.....;~ - ,_ 

r,n;e tv..:.~T~e onpe,n;eJieHo yCJIOIIJUIMlll axcnepm.!eHTa, 
'IJHCJro;saTeM pasHrpHBaeM 2 no qJO!)MYJie · 

k ~ ~ · i,,. i) f '(1 e_"' ~ ........... J• 
u..-""' ' , Pu....:.'"' ' 

4 ' 

Qr-;- CJIY1181Hoe 

(5) 

i 

~I. 
\i,i 
I 

i. 

ti'.,,' 
!.. 

H 
) 

r.ne (t - CJIY'llai1Hoe 'IlICJro; i?,,,;" = ?.1. , eCJrn x .-. x1 ; ~~ .... " 2.,_, ecJ!ll 
y, ~ /<_1 • 

tITOOH OROH'IaTeJII,HO orrpe,!(eJ!llTJ, COCTOmnie CllCTeMH, OCTaeTC!l 
pasarpaTI> TPII rrepeueHHHe. Pasarpaer,1 BMII'IlllIH fu 0 i , 'f ~ , lf' r 
paBHOMepHO Ha IDITepBaJIBX {-1, 1 J , [ v, 1T.] , r o, 2-i;] COOTB8TCTB8II­

HO. Tenep1,3J110MO,IJ;eJ!llpoBaB TpeKH 'llaCT~ B 8KCIIepnr.reHTaJ!l,HOii 
ycTaHoBKel II OTCe!!D HeperncTplipyer.me co6HTim, BH'IJHCJIHM BepOJIT-

HOCTl, perncTpaumi:: ti J; 

I ~ (,,X/i;Mi) 
. R " f;l'YI IV 4-- j2. ~ \)(/ ') t; ' '6) 

f{~O.:. ,-=, )'-Jtfl'( \ 

r.I(e c, ".i , eCJm COOHTlle perncTpnpyeTCR ,II c,. = 0 B npoTIIDHOM CJIY­
tJae, a ycpe,ll;HeHlle rro ..fl.; ,naeT qnsoBuii o6MM. 

2. Pacrra,n 7f1'- e,. J~ ¥ • 3TOT nponecc M0.!(8JWI)OB8JIC!l, B OC-
+ )~ HOBHOM, aHMOrWIHO pacna,n;y; /A ~ e· • ~ y • BupaJKeHl!!e ,Il,)IJI BepO!!T-

HOCTlI pacrra,na npnBe,!(eHO B74,5/_ BepO!!THOCTl, pacna.na ClIJ!I,HO Me­
HJI8TC.fl: npn sHa'IeHIDIX nepeMeII.HllX X: u 'ti, 6J!nsltlIX K eyMJ. 3,nec1, 

X - anepI'll.fl qx:>TOHa B e~ mr,; / ,2. •. rn; - Macca mroHa, z. 

'l.l - l'- ,. ~ - i - 't. • ~ - 8H8pl'llll no3lITpoHa D e,nmuma.x r>1;; / ,;_ , 2 = r::.~) . r. 
B npmr~e. He COCTaBJIHeT Tpy.I(a ycTp8.HlIT1, ocoCSeHHOCTH no oOeID\t 
nepeMeHHHM X ll l/ • 0.n;Ha.KO nocKOJ!l,JtY B Ito~peTHOM 8RCII8pIDlmH-
Te, ,Il,)IJI ItoToporo npOBOAHJ!CR pac'leT, COOHTIDI C MaJI1lMH 3Ha'IeHIDIMII 

X He pern:cTplipOBa.lIRCl>, ORa3aJ!OC1, ,!(OCTaTO'IJHHM ycTpamITJ, Hepa.B-_ 
HOMepHOCTl, r.m.TplI'llioro 8J!8MeHTa B 38BlIClIMOCTll OT 'U • 

BepO!!THOCTl, ptrncTpaumi: pacrra,na ,naeTC!l qx>p!,,YJ!Oli: 

J 
.( , 

R = ii DR C/>.:Jxclu 1 
I Ji\J/ (7) 

r.ne 11 R.
1 

= v e:. R. ; Ll R. =w..,. ... ~ o/)(. di, ; Wr,..,,,J - BepoJITHocTI> 
• I "::>' <{) ,. 

pacna.na 7i ~ J-l .. ~ , ~ Y'!UTW3aeT reoMeTpmo a1tcI1epm.ieH-
TaJII,Holi ycTaHOBKlI. COOTB8TCTB8HHO 8TOMY Bllpalltemno, X pa3Ill'P_~- } 
BaJiaCb paBHoMepHo, u pasarp1IBaJrac1, rro qX)pM;yJie u = 1.1,.,;..,"'ff-t fn u •,.,_q,. ~·· 

Booome roBOP.fI, 'll,..._, l1 'll.,.,;~ 38BIICJIT OT X , HO Ta.Krum 
no.n:ytmTE, RBHOO BHpruKeHHe ,Il,)IJI vr,, .. ~ { X) ,l{OBOJ!I,HO CJ!OlKHO. MR BOCIIOJ!I,-
30BaJilICl, CJre,JzyXlll!llM rrpneMoM: suatJ:eHHe v. pasarp1IBMoc1, B lIHTepBa­
Jie OT Hru1Memmero ,n;o HaHOoJII,mero sHatJeHH.R: u..,. =i-z~1Hl-'L ,-u..,." • • 

fi. >h 

BeJIRIIlll!a 5 't nOJIY'IeHa ~ iC,...;,, = f , ,Il;aBa8MOro YCJIOBIDlMlI 8RCne-
pm.!eHTa. 3aTeM BWmCJIJleM ~ ~ 'I.I - )( .. 1-+ 't H 3ac'IJllTW38eM. COOHTlle 
c BecOM ,roJih~ ec.mt x :wm Y oita3HBaDTCJI sa npe,n;eJiaMK rome-
MB.Tll'IJecRott o61ra.CTK 
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... 
1 :l m<tt = "f. ~ '::l ~ 1 + ~ = ':J ..-nax . ' . . ' . ' 

Xm<n(Y) ~i- Y/2,- VY 1 -h.'lz .£,. X ~ i. _Vlz+V'J2 c4t
1

h =x,., ..... (':J). 

3iteC:& BMeCT0 ~min= Z V'l . Mbl Bb16pa.7IH Ymiri = f/1 H3 YCJlOBHff ,mcne- . 

p.mneuTa. 
Paapa60TaHHhle a~ropHTMbl ycnemH0 HCIT0R:&30BBJIHCl> ~R M01teJrnpo­

BaHHR paCil,)t0B u"-e"~/Suy H JC"-e•~r.'f IlJ)l'I Dllil0RHeHl'IH 3KC!le-
~ / r . . 

pl'I!vieHT0D • · ·, 
ADTopu 6RaronapH!l )l.Kl.Eapmrny, C,M.KopeHtJemw H B.'11.KocTnHy 

aa noReaH!le o6cy~neHFIR. 
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