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__ .. -Pr~gram desc_ripJion .. · Program:l3~TAis designed for simulation of \lartid~ -
" y de'cays and· reaction~. The program also produces integration.over toe phase· 

_ space a~d decay~ra.te:or the reaction cross section'~re ca.lcuiat;d as~a-resillt of· 
- sffch·integfation'./ :/ - , . ·, .. ,-.· - \ . - - . ; · .. : .. · ':: .. < ;· 

_ - :At the ,simul;tion. process-:th~ program· uses the ·adaptive. rando_ni· nrimner 
. .. generator-SMART (See · [11). ';rlie gen,frator was found· to ,be'. usefuHor some. 
. ' -.: calculatiC>ns: It was ~hown•faat a.pplic_atiori of,the,generator permits.toix:nprci_ve 

ccmvergen~y. essentially-in-inanycases. :; ·• ·.. >- ,_· _" · -· ; .. • . <, . ·. . 
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·1n the t>rogram._BETA is' aisum~d,''.that"the.phas-espace fo~mula is as it'given ._ 
by-Particle Data Group: '_,:· .' .. . . ~ . I' • ' ' 

• ~ r:'. ' ~ .•- ! '. - • •: •, - --"~ •. - ____ ._, .,. -- •. . .-- \,.:., 

. :'.( i ·.-clF=i4(P:..:._bPDI1 -d~p;:3: . 
a, - - ·:_· . . 'i - C.i 2_E;(.2_71") '/ .... \, ·::-

' ... Ij:~re ;P~is. 4-mom.ent~1!1' of aecayiiig. parti~le in_ case 'of decay. or,- l5eam and; -
t<!-rget total +momentum in case ofrea.ctfon, jJ;'is 4:-monient'tim of each decay's 

- - - -, . - .·~ - , - . - -- '... '-,,. ·-

or reaction's· produc,t·and B; is•energy,ofthe. product · _:-:.. 
·_ ~·Respectively,}QrIIlulafor-1:al~~lation p.ecay rate has theform: -

'.., -- . /~, .· , ' - ' -- - - . . . . ·. ; ., ' . 
"' ' . ..- : .. _: ·• 4 .· . ' . 

· '' •;· .'dr.~ <271") ITJ2dF/ 
.··- .· _ ,, __ .. -.·_.'. -_;,_~2M:',_,-:_--._.·_-::.-•·., 
where T is a matt.~ ~lement and M is. the 'mass.pf the decaying· particle.· 

~In:case of rea~tion the, diff'er~ntia.f~foss. sectio~ ts. g{".en·by ~'.: -- -: · -

-~ 

.. . ,---.--,de.. · .. (2;)~j'.n2d·.F/, 
, (j - -'---"-'-.;._'- , 

_· ,· ,- 4p1cm✓s" "'; 

;fiere.'~1:,i; arif Vs ctie the·b~am 'pa~ticle ~o~enturri and 'th~ 1_?tar'~0;~rgy i~ 
the.center-=of-rriass frame.-:·;: ' ;, · . . : - . - · · . .-
, , ,. ' .· . .,.. . . ., ·. ' ' . ·• ' ,' ,· . 7 
< Call_statein_erit:_ CALt BETA(TFUN,USFUN).- . _ . . . 

TFUN is user. function name, where.matrix eleme.nt squared should be cal cu~ 
. · lated. insid~:BETkthe ful!J:tid!)- is· c~lle~ by ~tcitetne~t ';rF = '.fFUN(PLi1'LAB), .. 
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where array PL(3) is momentum components of the decaying particle and 
PLAB( 4,MPROD) contains 3 momentum components and energy for each decay 
or reaction product. 

USFUN is user's subroutine name . 

Data file structure. In order to explain data file structure let's consider as an 
example calculation of the decay rate for the neutron decay into proton, electron 
and neutrino. The call statement is CALL ~ETA(FTEST,LARK) (respectively 
FTEST and LARK should be declared in EXTERNAL statement). Input data 
file for the case is given below . 

Test 0 100 1 1 20 0 0.05 
DECAY 
n-+ p e- nu 
1. 
0.938 
EXIT 

0.940 3. 
·o. 
0.00051 

o. 
0. 

3. 

Explanation . 
The first line consists of 10 hollerith symbol~, 6 integer and 1 real numbers. 
Reading format: (2A4,A2,615,Fi0.0). The first 8 holleriths are arbitrary. If the 
last 2 symbols are **, then one more user subroutine US will be called. before 
the simulation process is started. The six integer numbers are the following. 

1. Ifsm: If Ifsm = 1, then adaptive random number generator 

2. Nsets: 
3_· Nsups: 

4. Lus: 

SMART is usedin the process of simulation. 
Number of sets (Default Nsets=lQ0). 
Number of ~upersets (Default Nsups':l). One set con
sists of 1000 events, so the maximum number of simu-
lated events 'is 1000 Nsets Nsups. · · 
Lus=l meii.ns that the user subroutine (LARK) will 
be· called ·after each simulated· event. Inside B:&: 
TA the user subroutine is called ·by statement· CALL 
LARK(IPOINT,PL;PLAB,FP,TF ,X), where IPOINT is 
event number, PL(3) are momentum components of the. 
decaying particle, PLAB(4,MPROD) are 3 components 
of momentum and energy for each decay product, FP is 
phase space weight, TF is matrix element squared and 
_Xis total weight of the event, including SMART weight 

·' (in case lfsm~l). ·- · · · . 
5. Lprnt : Some additional statistical information about weights 

will be printed after each Lprnt sets. No such informa
tion is printed, if Lprnt=0. 

,---
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6. Nbfuns: If Nbfuns > 0, then user has possibility to get fi-
nal result ( decay rate) for several matrix elements si-
multaneously. The additional Nbfuns matrix elements 
squared should be calculated by user and placed in-
to COMMON/BETFUN/BFUN(Nbfuns). In the cur-
rent version up to 20 additional matrix elements are 
permitted. 

The last real number on this card is relative accuracy level, which user wants 
to achieve. The simulation process will be stopped, when estimated accuracy is 
below this level, or when ordered number of events is simulated. 

Respectively, in the given example adaptive random number generator will 
be used, maximum number simulated events will be 100,000, user subroutine 
LARK will be called during the simulation procedure, an additional statis
tics will be printed after each 20,000 .events and the simulation process will 
be stopped, if estimated accuracy 5% is achieved. 

In general case the second line can be the word DECAY (for decay simula
tion) or REACTION or MODEL (for reaction). When it is MODEL then user 
is supposed to define (simulate) inside MODEL the components of momenta 
of the beam particle (PPA(3)) and target particle (PPB(3)). In this case the 
subroutine MODEL(PPA,PPB) will be called for each event. 

In case of DECAY the next line is read in the format (5A4,4F10.0) and 
contains the following. 

1. Twenty hollerith symbols are arbitrary. 
2. -RM - Mass of.the decaying particle. · 
3. AMPROD . .:._ number of the secondary particles (products). 
4. RN ADD~ ·a nuinbe:{of additional values, which user wants to 

read from the following line{s ). This values will be put into array 
/ZBETA/AB(20) and can be used for user's needs. 

5. PA - momentum of the decaying particle. 

The next line(s) should contain the values, ordered by user (if RNADD > 0). 
The line(s) with this information wiU be read in the format (8F1Q.O). In our 
example three values are ordered. The first one can be used by the function 
FTEST for definition of the decay mode. • 

The following lin~(s) should contain secondary particles masses, and the 
reading format is also (SFlO.0). 

After reading of these data the simulation process is started and the instruc
tion EXIT is a signal for return from BETA. 

If we are going to calculate decay rates for two decays the following~data file 
can be used. 

Test 0 100 1 1 20 0 0.05 
DECAY 
n---> p e- nu 0.940 3. 3. 
1. 0. 0. 
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0.938 0.00051 0. 

DECAY t ---> pi0 e- nu 0.140 3. 3. 
0. 0. 

0.135 0.00051 0. 
EXIT 

Any number of decays can be calculated this way. . 
Program BETA also provides the possibility to obtain distributions of 'var

ious kinematic variables for both decays and reactions. As an example one-
dimensional distributions of proton and electron kinetic energy for the first de
cay are shown on Fig.I and Fig.2. Two-dimensional distribution of both these 
variables is presented on Fig.3. 

If one needs to perform the calculation for the second decay at different 
conditions (e.g. better accuracy), the command NEW should be used. For 
example: 
Test 0 100 1 1 20 0 0.05 
DECAY 
n .---> p e- nu 0.940 3. 3. 
1. 0. 0. 
0.938 0.00051 0. 

N;EW 
Test 0 100 1 1 20 0 0.01 
DECAY 
~'. ---> pi0 e- nu 0.140 3. 3. 

0. 0. 
0.135 0.00051 0. 
EXIT 

In case of REACTION the third line is read in the format (5A4,6F10.0) and 
contains the following. 

1. T\Venty hollerith symbols are arbitrary with one exception. ff 
the last four symbols are _CMS (blank field before C), the pro
gram assumes, that a reaction in the center-of-mass frame will 
be simulated. 

2. RM - Total energy of reaction in CMS (Sqrt(s) ). 
3. AMPROD - number of the secondary particles (products). 
4. RNADD - a number of additional values, which user wants to 

read from the following line(s). This values will be put into array 
/ZBETA/ AB(20) and can be used for various purposes. 

5. PA - momentum of the beam particle. 
6. RMA - mass of the beam particle. 
7. RMB - mass of the target particle. 
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Energy of the reaction can be defined either via Sqrt(s) (RM), or via PA. 
If both these values are found to be greater, than zero, PA will be used for 
calculations. 

Let's consider as an example calculation of the cross section for the reac
tion where colliding electron and positron produce Higgs boson, neutrino and 
antineutrino. 

Higgs 1 100 1 1 20 00.Ql 
REACTION 
MEMO 
ee -> nu nu HO CMS 1000. 3. 3. 0. 0.00051 0.00051 
3. 0. o. 
0 . 0.0 600. 
EXIT 

Package BETA provides the possibility to store results of the calculation 
which can be used to continue the calculation later. The command MEMO 
should be used for the data storing (see the example above). In this case file 
beta_out.dat will be created. In order to use it for the continuation of calculation 
user should rename this file into beta_in. dat and use the command CONTINUE. 
Commands MEMO and CONTINUE can be used simultaneousely. 

Usage of SMART is essential for this reaction because the matrix element 
is rather difficult for integration. Particularly, the accuracy of 1 % was achieved ... 

· by simulation of about 130,000 events using this generator, whereas-rn·~;der· 
to achie~e this accuracy with regular generator one needs to simulate almost 
3,000,000 events. 

In case of MODEL the card, which is on the fourth place in the last example, 
is read in format (5A4,4F10.0) and contains the same information except of RM 
and PA. For example, if we are going to simulate proton-proton interaction with 
three particles - proton, neutron and pion - as a result of the reaction, then the 
data file can be the following. 

Test 0 10 1 1 20 0 0.05 
MODEL 
p + p-+ p n pi 
4.· 
0.938 
EXIT 

3. 
0. 
0.940 

3. 
o. 
0.140 

0.938 0.938 

Program BETA was tested for number of decays, where decay rates were 
known. In all such cases we found the results of our calculations coincided with 
the expected answer. 

9 



Acknowledgements. Authors are grateful to Y. Astakhov for his help. 
Authors also are grateful to administration of the Neutron Physics Labora

tory for access to computers of NPL. 

References 

[1] T.A.Merkulova, G.G.Takhtamyshev. Communication of JINR Ell-95-255 
(1995). 

Received by Publishing Department 
on June 5, 1997. 

10 _ 

·i\ ·, 

•. 

\'. 

✓ 

_:.____ / ~-- -' 

·TaXTa!.lbllll<!B .P.f".,: MepicynoBa T.A. 
Ilpo~aMM~ B~T A .Rilll M~Jl<:-11HP08,aHIDI pacmm~B:-H p~UHII • 'laCTHU 

El 1-97-182 

:.,; _n;o11Ja~1Mi ~E-i-A n;eiu,J1~~~11a JIJJ; ~1~nem;poBaHHH pacnanoB'n peaKUHII 
3JieMeHTilpHblX . 'l;lCTIJU. ·. KpoMe - TOro, . nporpaMMa BblllOJim1eT mtTerp11posam1e 
no qixmBOMY "npocrp:mcrsy H. B pe3yn~TaTe HHT~rpHp~BaHml. Bbl'lHCn.sieTC.s!-CKOpOCTb 

_,..pa~na.n:a l!-!!H:nonepe'IHOC ce'leHHe peaKUHH. • . . \ - - .· -
. B npou~ce MO)leJIHpoBan1-1.si AtO)KeT 6hiTh 1-1cnom,Josa11 anannrntt1,1i"1 reHeparnp 

cny'lallHblX 'lHCeJI -SMART.' KaK flOK.aJLJBaeT omn; B HeKOTop"bIX TpynH~IX CJIY4lli!X 
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. Program• BETA ii designed for si~ulatim:1 of \;Ll!"ti~le dec'ays andfeacti(?riS. 
::. The -~program. lll.sc, produces: -i'megration .. over: the phase ·space · anc( decay . rate 
~orthe reaction-ci:oss section'are 'calc~lated as a.'result 'o(such integration.. , _ ' . 

Ai.the sirriulatioi'l prric~ss the adiptiv~\andom ~umber)generator SMART may 
be used, -what is found,to'b~"ltsefut"for some difficult cases;;·: · . ' . 
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"' The 'investigaticfo ·.· has be~n'. perform~d 
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