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I. Introduction . 

This report describes a set of programs for computing covariant 

phase space factors using the IBM .650 computer. Originaliy the programs 

• 

	

	 were: written to investigate the K-production by p-annihilation in trms 

of the statistical model They were written with enough flexibility to 

perriit their use on similar prblem involving four to six secondary pai-ticles 

of •&iother.nature provided the particles can be ordered so that the last two 

particles in the successive integrals are:identical. Removal of this restriction. 

is being consiered, nevertheless the programs now available. may be used 

	

- • 	for some other reactions. 	 : • 	 . 

	

• 	 The programs are of two categories: 	• 	 • 	 • 

HONE programs which give the momentum spectra of secondary 

particles. 	• 	• 	 • 	. • 	• - 

FIOKO programs whic•h give the distribution of angles between 

two secondary particles as predicted by momentum-energy con- • 

• 	 servation. 	• 	..-: - : . 	 - 	• 
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II General: Formulation 	 0 

We consider a reaction leading to n secondary particles 

A+B—in1 +m2 +rn3 + in 	 (1) 

with total enerr -  14, evaluated in the. m. system. of A and 13. 

(1) 	çjntn Soectrum for Particle rn1 	- 

- The covariant phase factor integrated over the momentum coordinates- 
01 	

0• 	

(1) 	 •0 • as -given by: 

F (W0 ) 
	 () sw, - ZE1 ) 	 ( 2) 

.where 	 2 + .m 2  is the total enerr of the secondary particle 

of ma s-  S m a  

Integrating over 	we get 	 - 

F(0) 	
ml 	

n-irJ2 

1 	 + 7) S - 	E ) 

() 

In view of the covariance property,  the multiple integral can be evaluated-

in a particular Lorentz-frme,nnely the c. in. system for the n-i particles 

- involved.. The trahsformation. thus mde indicates that this integral is 

	

simpiy the phase space integral corresponding to a tota-1 energy, W, derived 	0 

from W0  by iiiomentim-enerr conservation:  

1 Kalogeropoul6s: Thesis, UCRL-8677. 	- 
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1-1 2 	E1)2 	
2 = 	+ m12  - 2 	L 1 	 (4) 

This gives the recurrence formula 

F11(w0) =5 4m1p 1 dE,  1 F 1  (w1 ) 	 (5) 

The range of integration is rn 1 E'11  where E the maximum total 

energy assumed by m1  corresponds to 

+ m + 	 - 	 ' 	(6) 

thus  

J 2 +rn 2 (m+' 	+.Jfl) 4  
o 	1 	2 	3 	fl 	 ' 

• 	2W0 	' 

These relations successively applied 'give finally 	' 

2n-2 = 	

m 	d3 rl 	P 	

+ Z 	n-2 - n-1 + E) ) 

• 	
n-i 	 n. 	, 

() 

We asurne the last two particles identical 	 ' 

m 	rn 	M. n-i 	n 	 S 	 - 

p 

than. 	, 	 • 	 S 	 ' 	 S 	 • 	 S  

5 

F 2.( 2 ) = 277 	
W::2 

 

wnere W 	is given by an c'xorssion analogous. to (ii) 



n-2 	
E2)2 - p 2  W4 + 	- 2 1n-3 n-2 	

(10) 

F V 	 V 	 V 	

V 	 V 	 V 	 V 

By rnaxm of the rccurrtnc Ve rd tt1Oflb the covaiant chase space 

tegrai becomes the (n- )-tuple iteg:al 	 V  

(o) 	C 	dL1 	' 	—ni 	dE 2  fj  

V 	 V 	

V 	
V 	

V 

V 	 V 	 V 	 V 

rn 	 r2  (w2) 	n-2 	 (11) 

	

V 	whre the upper 1nits,. gien bY expessons similar to (7), depend on the 

	

V V 	 values assumed by the Es V 
figuring in Vthe precedent integrals. 	V 

• V V 

The computation of th phase space factor, within a trivial numerical 

• 	factor is athieved in two steps: 	-, 	
V 

•• 	V 	

V • 	 • 

First, the. HOWE program compute 	 • 	 V 	

V 	 -• 

=2ai 	

: 	

dE2 

f2(w2)dE n-2 
	 (12) 
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for 	Op 1  =f 	n i2 	ath 	1r F2 

cond, an aui1r 	prore, 	FOPL trfor is thc. intertion 

r'i 
I(p 1 ) dp1 	 4   

therefore 

F (W0 ) 	(471- 
)fll 

(m1 	2 	
m) f 	(W0)  

(2) 	 Angular Correlation 

In the aosence of f1 sta( inteiactior 	among the sccondu'y 

prtic1es, the distrib.tion of enl , 	8, bctvr 	n a pair of particles, say 

nd 	m2 	is suboct only to the constrnt unod by the overall 

coisciv.ton of 	ergy—rno'ientm 	The p ase integral () for a given 	8 csr 

be 	writtà. as: 	. 	. 	 .. . 	 . 	. 	. . 	. 

l 	
a1 

 F( 0 , e) 

= 	

E2 	
F_2  () 

-41 
Ticing the 	z 	acas alor 	p1 	we have 

Thc total energy left for the 	n-2 	last particles is then 

(1)6 	

+ 	+ 





The J-{OKO pr-ogralms pLrforin the 	ntegrations to evaludte equation (21). 

cp1icit 	 for the 4 0  5, and 6 particle reactions 

together withdecraptions of the correspondnig progrdrns is given in what 

follows 

Operdtin 	itmtructlons for. ll HONE and 1-101(0 programs are given 

in Appendix L 

III 	SPECIFIC FORMUlATION AND IJESCRIPTION OF PROGRAMS 

A) Four Particle Reaction 	n 	4 

A + B-4m2  + 1113  + 1114  

1) }10N4 	MomentumSpectrum 	r113  = 1114 	m 

= m2 	2 	2 (W2) 
:22 

+ in1 	
- 	 p1  - 

= 	+ ni2 	2WE2  

+ m 2, 	m2  + 	2  

M!  2W0 	 E1 - 

+2 	
()2 

E2  - in2  
2 	2i 	

A
E2 

{ 	

2  J 



HONE 4 coniputes N4 (p1 ) for Op11  in steps of 

• 	from total energy, . W,. and particle niases, m1 , in20  in using S integration 

steps.. :This information together with some identifying number, I is read 

in after loading proran 

• 	. Iniput Data Card (1) 	.. 	 . .• 	 . 	 . 

1st word 	machine langu ige floating point 

2nd word rn1 -, 	 -do- 	 . 	.. 

3rd word in2 	 -do-. 

4th word 2m 	 -do- 

5th word 0 

6th word S machine language floating point (loss 50) 

7th word 1 any number desired by user. 	 . . 

8th word 4p1  machine languge floating point 

For each such input card, the program punches a set of answer cards, one 

card for each p1 , p1  = 0,4p1, 2p1 . I P, in the following form- 

Output Answer Card 

1st word 

	

2ndword 	I 	. 	.. . 	 . 	.• 

	

3rd word 	=0= 

	

4thword 	p1 	. •• 

	

5th word 	• 	
.: 	• 	. . 

- . •. 	 6th word 	•. N(p1 ) 

• 	7th word 	=O=• 	 . 

• 	6th word 	. 	. 	. 
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Inut Data card 

Lst word 

2nd word 	rn1 
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4th wofd 	rn3  + rn 

5th word rn3 - 	 - 

6thord 	S : 

7th word 

:8th word 

For each such input the program punches a set of answer cards, one 

• 	card for eath x, in stepsof 4x,.for 	114- 	1. 	•. 

	

Output Answer Cards 	 . • 	•. 	• 

	

• • 	1st word 	 • 	.• 

'2ndword 	I 	 . 	 . 	•• 

3rdword I 	x 	• 	 .• 

4th word 	 . 

5th rord 	. 	°Ø(w0, x) 	. . 	. 

• 	. 	'6thwod 	=0= - 	 • 

7th word. 	• 0= 	• 	 • 

.8thword 	S 	 . . 

• • . 	B) Five Particle Reaction 	n 	5 - 

A+B—rn1 +n12 +rn3 +fl14 +rfl5 	 . 	. 	-. 	 • 

. 	., 	. 	
. 	m4 rn5 rn. 	 . 	• 

1) HONE 5 Momeniurn Spectrum 	. 	. 	.. 	. 



2 3 

pl  m3 	f23  
12 

22532 
N5(p1) 	J 

Sm2  3. 

= 	
- 

= 	m1 
- 

=+ m22 - 

+ 	2 - zi2 E3  4 

- 	 2 
+ m12 - 	+ 

0. 

+ n)2 	 2 
p1 L1 	—nil  

2o 

- 	 + 	2 
- 	

+ - 

S 
214 2 

• 	
- 	

+ 	2 - ()2 
2 

. 

AE = 	 ------------ = . 

1 - 

• 	 r 	.212 4ra 

•=ii 	- 	-. 

• 	 L.w3. 

HONE 5 	compute N5 (p1 ) 	from the following 

• 	. 	 . 	Input Data .Card(l) . 

1st word w0 machine language floating point 

• 	 . 	2nd word ml  machine language floating pdint 

3rd word m2  machine language floating point 

4th word m3  machine language floating point 
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5th word 2m 	machine language floating point 

6th word S 	machine languge floating point 	10S50 

7th word I 	any identifying number 

8th word 40 Pi 	machine language floating point 	
0 

Output Answer Cards 
0 

- 	lstword WO  

2ndword I 

• 	 3rd word =0 	• 	 • 

4thword p1 	
0 	 • 

• 	5th word E 0 

• 	6th word N(p1) 	 • 

7th word • =0= 	
0 

• 	
• 	8th word 

2) 	HOKO5 	Angular Correlation 

: 

T F2 - m2 	dE1 	
2 	

- in32 	r2 (w") dE3  
12 

(:1 

(W0,x) 

= 

+ 	2 
- (m2  + 	

+ 	 •• 

1. 	
• 2W0 '. 	'' 	 0 

- 	• 	 + M - (m1  + rn3 + 	 0 	 - 

E2 2W0 

(j' )2 + m 
2 - 	()2 	 • 	

0 

3 	 2W1 
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FL X)  

	

01')(m3 	2ra) 

),2 	(,)2 +• in 	- 2 Wl E3 	 w" 

Or"f2 1 	 I' 
U) 

For each reation, one input, data card is used 

• Input Data Card 

• 	• 	 istword WO 

• 	• 	. 	•2nd'word 	rn1  

	

•3rdword 	in2  

• 	4th. word 	in3  

5th word 

	

6thword 	S 

	

7thword 	I 

	

.th word 	x 

For each such input the program punches a set of answer cards, one card 

for each y., 	x -.1, —1 +4x,.+l 



Output Answer Cards 

1st word 

2ndword: 

3rdword 

4th wordY 

5th word 00w0, x) 

6th word 

7th word 	=O= : 

Sthword 	S 

C. Six Particle Reaction n 6 

A ± B 4ril
+ 	+ m3  + rn4  + m5 

+ 

m 	rn6 rn 

1) HONE 6.Mornent Spectrum 

N6 	
= 	1 	

2 	 3 

1 
2 + 1~12 	

F1-27- 

f2 (w4 ) dE4 	 / 
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Wi2 =110+ in 2  - 2WE 1  

+2 - 	E 

= 	+ 	 E3  

_J. 	2 P1 	2—E 1  -in1  

• . 	W42 W32 +m42 2W3 E4  

- 

1 	 2W0 	- 	. 	p1 	 ml  

W1+m22_(m3m4+2n)2 	 '= E2 rn 
• 	 2 	 2W 	 &B2 	S 

2 	2 - 	+ in3 . - (in + 	)2 	
in 

E3 	 . 

- 	•W 2 + m 2 _( ni )2  
• 	 E 	 _ 	. 	AE  

4 	 2W3 	 4 	S 

f2(W4)=E_ 	: J 
In order to load the required information, two data cards are necessary 

for each reaction. 

First Input Data Card 

1st word 	S 

2nd word 	I 

jrd word • 

	

4th to 'th words =0= 	- 
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Second Input Data Card 

1st word 

2nd word 

3rdword 	In2  

4th word 	m3  

• 	5th word 

6th word 	zu 

• 	7,8th words 	•0 

Output Answer Cards 

lstword 

2ndword 

3rd word 	=0= 

4thword 	p1  

5th word 

6th word 	N6 (p1 ) 

7th word 

8th word 	Pi 
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• 2) HOKO 6 Aniiar Correlation 

=: 

 E 2- 1  m 	E 2 - 	l 2 	
- 

fa 

r2 (w''') dE 

= 	2 	 2  + ni1 - (m2  + m3  + in4  + 2rn)2 	 in c  -.  
at 	 • 

2w0 	.• 	 2 	S.. •  

- 	
(w')'+m2 	

+ 	)2 	 - in 

	

_____ 	

= 

3 	S 

+ 	2 	()2 	. 	. 	 . 	- in 

E4 	 1 	 4 	.. S 

(w')2  w 2  +m12  +2 - 2W0  (E1  +E2 ) + 2(1E2 	
2 	 _22 x) 

(w')2  = (w')2 + rn3 - 2W' 

(w' 1)2 	(w") + m -  2W" E 	 . 	 W''' 

-(itt)2j 



Two data cards are required for each reaction 

FIrst. Input Data Card 

	

lstword 	S 

	

2ndword 	I 

3rdword 

4th word to 8th words =0= 

Second Input Data Card 

• 	 1st word 

	

2ndword 	rn1  

	

3rd word 	m2  

	

4th word 	in3  

	

5thword 	rn4  

6thword 	2m 

7, 8thwords 	0 

or each such pair of input data cards, the program punches a set of answer 

cards, one card for each x, x —1, —1 +4 .......+ 1 

	

Output Answer 	Cards 	• 

1st Word 

2nd word 	I 

3rd:word 	x 

4th word 

5th word 	0 (W)x 



k 	
0 

6th, wod 

7thlNord  

Cthword 	3 

D. Auxiliary Program FONE 

A set of output answer cards from any HQNE program constitute 

an input data deck for. FONE. Such sets may be loaded successively.  

Caution- no blank cards. For each such set the program FONE punches 

one output card as follows: 

• 	 1st word 	WO  

• 	 2ndword 	I 

• 	 3rdord 	=0= 

4th word 

5th word 	• =0= 

6th word 	

11(p

1 ) dp1  

7th word and 8th word 0 

Formula 

Pi 

o' Pi) 	1(p1 ) dp1 	• 

0 
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APFENDIX I 

• 	 Operating Instructions for H0IS and HOKO Programs 

Standard driza clear and load punch routines are in the progr3ln 

decks. Place program deck followed by data. cards in the read hopper. 

• 	 Several data cards may be processed successively. Have blank cards in 

punch input hopper. 

A) 	Console 	70 	1951 	1951 

Address Selection 1000 

Prograxnrned 	stop 

• 	 .. Half Cycle 	Run 

Control 	 'Run 

Display 	 Program Register 

Overflow 	, Stop 

Error 	 Stop 

Press computer.  reset ' 

• 	' Press program start 	 ' 

Press reader start 

Press punch start 

On end-of-file, press end-of-file 

II the machine stops before processing all the data cards, the data for 

the reaction in which the stop occurred is invalid. R9maining data if 

valid may be processed by setting 
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13) Control ilanual 

• 	 Pross computer reset 

Press trinsfer. - 

Control Run 

- 	 Press stirt 

The time required for these programs depends on 	S, 	and Ap, 	or 

Ax- 

With 	S = 10, or 12, and Ax 	0.2 	or with 4' p1 	reasonably chosen 

'time for each reaction under ,  

HONE 4 less than 5 minutes. 

HONE 5 less than 25 minutes 

• 	 HONE 6 less than '2 hours 

• 	HOKO 4 less than 25 minutes 

HOKO 5 less than 2'hours 

• 	HOKO 6 less than 9 hours 

If it is necessa -'y to interupt the progrsm while processing the data 

for a particular reaction, this processing maybe resumed at that point if 

thefoflowing procedure is followed. 

Set 

C) Address se1etion 1800 

Control Address stop 

When machine stops, remove and save answe' cards airady obtained 

Set Address 	 .1961 

Set Console 	• 	07 0001 0508 

Set Coritia'd 	 i-anunJ. 



Press computer reset 

Press transfer 

Set Contml 	 Run 

Press Start 

Press Punch St.rt 

Remove cards from punch output deck. This memory dump contaiis all the 

necessary data for resuming the prbbln later. Ramove the blank cards 

and the card which gives the contents of the index register 0  The remaInder 
is saved as a supplinentary deck 0  

To resume the problem, take the original program deck beIng used 

at time of. interruption, remove the transfer card (last non—data card) 

replace it by the supplementary deck and a transfer card to 100 and follow 

procedure A) above. 

For succesjve processing of other data cards not already started 

load these data cards i.inediate3y after the.abOve supplemented program deck. 

perating InStructions for - FONE Program 

13 

Standard drum clear and load punch routine are in the program deck. 

Place program followed by a set (or sets) of output cards from HOME. 

Several sets may be processed successively. Each set must be in the order 

punched, I. e. in ascending order of p., first Card with p1  = 0, last card 
with p1  p, and there must beo blank caris. Have blank cards in 

punch unit input hopper. 




