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INVOLVIHG FOUR_TO SIX SECOnDAY PARTICLES

Lawrence Radiation LabOrétory
* University. of California '
' Berkeley, California
‘T H. Hoané

.and

‘Jonathan Young
January 1960

Iﬁi Intfoduction

This report descrlbes a set of programs for computlng covarlant

'phaSu space factors u51ng the IRM 650 computer. Orlglnally the programs

were wrltten to 1nvcst15ate the K—productlon by p-annlhllatlon in térms

i of the statlstlcal model They were wrltten with ﬂnourh flex1blllty to

permlt their use on similar problems 1nvolv1n5 four to six 5ocondary partlcles

~of anotheronanure provided the partlclcs can be ordered SO that the last two -

particles in thie successive intégrals ére:identibai. :Removal of this resﬁricfion

is being considered, nevertheless the programs now available may be used -

for soﬁé:oﬁher're;ctions{
The programs are.of‘tﬁo capégories:
(1) HONE programs:which giQo the momentum spectré ofisécondary-
partlcles. | | ->
'(2) HOKO programs hthh blve the dlstrlbutlon of angleo betveon

two secondary particles as predlcted by momentum-energy . con- .

.servation.
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;1s-g1veﬁ by- '_ Co ‘ . M .
F, (wo) 5 g.-”rm o p‘? S(Z'p) S(w ZE)

,where'; B

- involved..

‘ II 'Generél:Forhulation

Y

.We consider a reaction leading to n

+m, +...2
n

A + B-f)xnl 3

¥y

(1) Momentam Spectrum fon_ParpiQ;g_gi

secondary particles

1)

~ with 'to.ta,al'eper;;y._' Wy, evaluated in the ¢. m. system of A and B. .

- The éovariant phasg factor integrated over the momentum coordinates-

(1)

of mass, my:oe =1

intégrating over ‘3%. we gét»

3~) n 3>

X om : m, d° p,
F(WO)~5 ..;_:__._]:_. A j .__l_:._.__&._
: £, " : I L,
. , ] . o i

1 : n-1" i=2

®

is the total energy of thé¢ secondary particic

S(pl > p) S(W —E;

-2 5 )

2

(3)

In view of the covariarnce property, the‘mu;tiple integral can be evaluatéd-

in a particular Lorentz-freme, namely the c. m.

ulmply the phase space integral correspondlng to a total energy, W 12

from “O by momentumeenergy conservation: -

Kalogeropoulos: Thesis, UCRL-£677.:

system for the

n-1 part;clés

'The trahsfdrmatioh~ thus m=de indicates thatAhhi%'integral is

dérived
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- thus

VT g = By _—33 Wy @ -2y 5 g - ()

This gives the recurrence formula

4 Fn(Wo?f=:g LT my py OBy F ) () L ‘ o (5)

" The renge of integration is m, £ E'lﬁ:_ 'El where El', the maximum totdl

'énergy' assumed by my corresponds to.

-.wl- '1.11.2+m'3 +.,‘.-~.mn' ‘ L . Co (6)

> 2, T 2
L WS A m T - (myg oy +oam )T , : .
E = o) 1 ' 2 ~3 n ‘ ‘ - )
21"'0' ] - C ‘ . : .

These relations successively applied give finally

3w

' - m . d7p o d}?‘ -
o (g = n-1_ n=1 n n S-ﬁy = 8 - v~
Py o) B - B (o *8) oW, 5 =By +B) )

We assume the last two-ﬁarti.éles identical

m =m_ = m
n-1l- .'n ,

" then .

Ny

P ,) =2 - SR o )

2
wn—2

- where wn 5, . 1s given by an expression anslogous to (4)

i. e.



2 N2 2 2 2] : L
j = (W._ ., -F_ - 1 T o= L+ - E :
wn-2 (wn;-B En~2) pn_-?. .wn—j‘ C -2 2 ,wn—3 n-2 . (l(_))
A ' - ' '
“. By rneans of the recurrence relétions, the covariant phase space

integral bscomes the (n-2 )—_tupl_e integral

Rt
Fn.(t_-io) = E E (An"nl) f
1 o

2
Eh—'2»_ -
. 2 2 - o :
N AR o
n—-«<

where the upper limits, given by expressions similar to (7), depend on the
values assumed by the E's  {iguring in“the precedent integrals.
“The compubation o the phase space fector, within a trivial numerical =

.factor is achieved in two steps:

First, the HONE program computeé

n-2 - . Y
N ! 2 2
dE2 ...... En~2 -m 5
n-2
{
- " ) o]
f2(w 2) € 5 . (12)
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'be wrltten.as:“

'?3'uecond an auxllia*v prooraw, FOLU wmorzu the 1ntegrutlon

rpl

fn(’**o)=\ N (pw) dpl_;: e R - (13‘;)

'iherefbre -

“f@&‘mvf<m%%m>f%>jif 7;ﬁfwmQ7

';Tf'(gy;ﬁ';j;  : ji;v‘. Anguiar Corrblatlon‘

In theé: aosence of flnal Sudu( interact;oro among the sucondqry

'f‘pmrtlcles, the dlstrlbatlon of anéln, e, bctwsvn 2 p air of P artlcleg,n say |

o 'ml aﬁd m, is subdcct onln to- fhe comstra*nt unooond oy thb'overdll .

2 .

fconqcrvat¢on of >nargy—moment*m _The'pnasealnbe al (4) zor a glven--ev can

: %
L

e .bg; - e o
= SR s

~ =
Y. - : 5

T 8) =

I S S S
Taking the =2 « axXis along * vie hdve
Taking the xis along py e h

-.d7py -;afp2.% ;77751n & g ® py -dpl‘dlll Py ~dP2 d112 

The total energy lpft for thb n—2‘ léét parﬁiclesviéﬁthen

<u - 0« :: 1y >2- G? A
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S g gt p r 2 {3 2 .
DTy my T hmy = g (B Ep) +2 (8 By =B = my \)Ez, = my cos 9)

,  ~6) .,i

-« Therefore -~ - i

Ry, 8) s ()2 iy my |

*- P
H -

L Fp ) @ @

s '_‘."J‘ - "_‘

Can

2 .-

"~ The'domajn, D,.is determined by ..

2
+m,

.ZWC ‘

T S S T o

2 . ‘» '. ‘ 2'
) "(ml + m '.+.- ._-‘-mn) -

» Ig_noffix?g;fhe".nwnériéall T actoré,.;_ 'v"féi thainﬁfdr _~'thé dist_fi*_but;toﬁ in

P (Wx) = '!El -my _\[732 =y fho o) a; ® G

whe,.re'. ';fné‘-Z. YR Fn—\-2_ T 4 R (22)
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The HOKO programa purform the 1ntegratlons to ﬁvaluatu equtlon (21) SR

EkpllCIt fornulatlons for the 4, 5, ahd 6 partlcle reﬁctlons

iLﬁéfgfuffwtogether w1th decrlptlons of the correspondlng programs 13 51ven in what

f.
% - -

i

| i‘iffollows. Y
Operdtlng 1nstructions for all H@NE and HOKO programs are glven

;&J,;:-  ;.(1n Appendlx l

| 4-»*.,_?‘»\11:1 SP;::CIFIC FORMULATION AND DESCRIPTION OF PROGRAMS__” P

Lt A) Four Partmcle Reactlon n- Agff E

m, *Jﬂ:h R

o 1:),.-HONE4 »,;quéntumﬂ :spe{c‘tignifmj = '_.,,‘14 =m .

P ‘1(”7’-2:44)“
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HONL h computes N (pl) for O"-pl Ei' in steps of Apy

from total energy,. W,., and partlcle nasses, l’ m o3 I uslng S 1nte5rdtlon

0
' steps.. ThlS 1nformatlon together wlth aome 1dent1fy1n5 number, I is read

in after loading program

Imput Data Card (1)

st word W, machine langusge floating point

_ 0
de:ﬁord' hé  - '4do%
Hl’htp word‘2m L : ', fﬁ ~do
'. 5th word:w=0¥  - i.:, ':vQO;;Y
6th word ‘S‘ ‘n;ac‘}‘uine .1anguag§ floa#mg‘ ‘poiﬁt (1045 50) | s

7th word I any nﬁmber desired by user

" 8th word;43pl machine language figdting point

For eaph such 1nput Cdrd the program punches a set of answer cards, one

card for each pl, Py = O,cﬁpl, zzipl...,pl ;n.the_fqllow;ng forms

;dttput‘Ahswer Card

. ist,word ;; 'ﬁo
 2nd-word R
3rd word _ ?=O#

| A;h word  'p

' 5th‘wdrd B

6th word g Nh(pl)
7th word =0= -

8th word P



2) HOAO A Angular Correlatlon SQ'H'T'
' In ths prégram,v ha resvrlcblon m3 ‘mL,LHeSVbEen'repiaeeafbylff

Sy JEz ] (W) B,y

W ("3+m>

?‘

1, R ) -
o (W’) + ( 3 ;L‘)}'

: For each reactlon, one 1nput data card is used, whlch spec1f1es

-

the total energy, na sges’ of secondary partlcles, number of 1ntegrat10n
. :,steps, S, 1dent1fy1ng number, I, and the steps ¢5A, of x = cos 6 forf 

: 'whlch ¢(W ' ) is de51red :
Input Data Card "
i lst word ' VF

f2nd,word"



~10 =

' Afc(h- worffi m; + mh
Sf,h. wo.'rd 4 .m3 —“l;
6th wora ' Sf
7th \s‘of'd' S I

“8th wo;‘c.i' o A‘x

For cach such input the program -pun.ches-a set of an_sirex; cards, orie

card for each X, -in ste_pé}of ax, for —1:5 X+ 1,

- Output Answer Cards

lst .Q;brci Wy '
" 2nd erd,’ I O
3rd word x -
: . kth word | ' =O=
sthword . B(W, "
‘6th-v}ord A_~ - =0= :
Jth word.  =0=
8th word . S
£ .

B) Five Particle Reaction n = 5

+ m +m, tm, +m +m
A+ B—Ym, +m, m3 m, +mg

1) HONE 5 Momentum Spectrum



Ng(py) = b =
1

W2 =y 2 +m -

1 o TRT

HONE 5 computes N5(pl) - from the following

Input Data Card (1)

1st word
2nd word
3rd word

Lth word

machine language floating point

machine language floating point
i T

machine language floating point

machine language floating point

2 _ 42 2 -
Wy =My g 211«2 B, WyP2m
2. - ) 2
s - WO. +my - (m2»+ I, + zﬁ)
1 ' 20 ,
2 : 2 -
-% 5 WS sy - (mB'f 2m) As - Eg,* m,
2 20y 2 -
o pPenlo @) 0 Ey-nm
E. = 2 2 v . AT = - 37
3 EP =3 5
S ln® B
CfW,) =il - .
R AN | W‘4
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5

5th word m‘achine language flo;ating.ppint'
6th word S . machine iangi.ui’ge floéting point . 105';8550 .
»7§h word _ I any ideﬁfifying number | |
8th word . - Apl machine laﬁguagé flga_ting pqint,
' Output Answér'Cards

1st wérq 3 WO _
.2nd word I

A- Srd word -=0=

. 4th wvor_'dA , pl>
5£h 'wdrc"i o El
6th word .N5 (pl,)
7th word ~ =0- "
8th word . b

2) HOKO 5 Angular Correlation

'i_‘2(~w"l ) dEB

0L

A ) E . . N
i - A B2 22 2 4
P (Hgsx) ‘f sﬂ JEZL mm 132 - my 4B 4y
B myo 1, » R E A

- 2 2 2

= . va +m” - (m2 + m3 + 2m)

1 — , .

2y - §
2 2 | . 2

Mt rmy - gty 2

2 ' 2

_ @) +m2 - (2m)°

E = , 3

) ot
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: o . 2 2 [ 2 2z
5 - 2»-»'0 (El + I:.Z_) + 2 (El!_‘".? - Jﬁl - my )/EZ - m, X)

(") (my + 20)°

),2 -2 y'E

IPEENCURES S 5 weE am
, ' -1 ' '
‘ 2 =
vfz(W" )=11- —@‘“—3— B
< (W ")
o ol

Cow

" For each reaction, one input data card is used

. Input DataACard. 

lst word WO
2nd word " ny
. 3rd word 'm:.2
‘Ath, word inq
‘5th wofd | 2m
6th word S
7.’r‘,h,word | | I
8th word 2\ x

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

for each x, x=—'l,r <1+ Ax. .t



~ Output Answer Cards

ist wo?q’i_ 'wO.l'
2nd wérdl *_ '“i.
'3rd WOF@II ) %
Athiwordr | =0=.
.5th ﬁopd o ¢(QO’ *5
6th word z=0= .
7th word | ' :o;

) 8th‘;q?d | S

¢. %ix Particle Reactioh

A+ B'*~§.ml f'm2 + my + m, + my + mg

m5 = mé ‘-= m-

1) HONE 6 Momentun Spectrum

n==5
2
de
)

-

L



2 _..2 2 : -} 2 2
Wl ——ho +ml - ZWOEl pl El -ml
2,2 2
Wt = 4 m, -~ 24, E,
2 _ .2 2
w3 Wy 4w, - 2, Eq
2_ .2 2
W, h3 +m, 2w3 E, W, = 2m
2 2
5 . do th -
E - :
. W1_2+m22- (m +m -1»2m)2 _ . E,-n
2 . PR R - =T 3
2 2 2 -
W,” +m,” = (m, + 2m) ' , E,-m
B, o B3 b , I
By @, - A5 Sy
2. 2 2 T e .
= W," +m " - (2n) B -m
A 2 4 S
5 1 o R
1- A | 2 |
W2
L

In ordgr to fload the requirediinfomation, two data cards are necessary

for each reaction.

First Input Data Card

lst word S
2nd word I
Jrd word = A Py

Lth to ¢th words =0=



Second

1lst

2nd
3rd
Lth
5th

6th

Input

word

word

word -

word

word

word

- 16 ~

Daté Card

7,8th words =0=

Qutput Answer Cards

1st
2nd
3rd
Lth
5th
6th
Tth

8th

Qord
word
ﬁqfd‘
word
word
word
Qord

word

Yo

I
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- 2) HOKO 6 Angular-Correlation

L ) o

3}

nf2-(:w-”') dEh .- -.

.

. 7 g 3
. - o )
2 2 5 o _

5 = Wo tmy” = my rmg v, +_2m) | AE, = )
2y Mg 2 5
- (W)™ +m ~ (m4 + 2m) " ) ‘ E. - m
RET R AE, =, 2
3 I o 3 . S

o e - ()P - ', -m,

22, 2,2 o U o 2 22 Z
(w_'); Wy~ +my * @2 - 2, (Bl‘,+ E?) + 2(E E, - JEI - my FZ‘ - m, - x)
2 2 o R
W) = (W)™ + - 2W' E.
(_)A(w)'m3 _w1§3
(w '1)2 = (Wn)-z +m - 2un El«-. : _ o Y =22m

1.
2 2

£fo(wrrr) ={1 - bn
2 (wtn)?'
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Two data cards are required for each reaction

First Input Data Card

1st word S
-2nd word I
3rd word ' ¢3x' i}

: - 4th word to 8th words =0=

Second Input Data Card

lstAWOrd Wb
2nd word - my
'Brd‘word fmz
4th word 'mB
'5fh ﬁ?rd ' 'mh :

6th word -~ 2m
' 7; 8th words =0=

For each such pair of input data cards, the pfogram punches a geﬁ of answer

cards, one card for each x, x = -1, -1 +Axyieeea,+ 1

Output'Answer Cafds

1st Word W

0
2nd word _ I '
3rd ‘word X
\
4Lth word . =0=

5th word & (wo,x
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. 6th word  =0=
7th word ' =0=
Alﬁtﬁ'word )

'HD.,_Auxiiiary Prograin FONE‘

A set of outbut'answer cards from any -HONE program constitute
“an input data deck for- FONE. Such sets may be loaded successively.

:Céutiohi— no blank cards. 1For each such set the ﬁrogram FONE punches

one output card as follows:

1st word WO
2nd word - | I
3rd word A ‘=O=
Lth word " &,
sth erd |

6th word

7th word and &th word =0= '

Formula

B,
£ (wy, py) =\ H(py) dpy
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APFENDIX I

Opeféting Instructions for HONME and HOKQ Programs

Standsrd druwa ciéar and load pungh routines are in the program
deéks, ”Place program deck followed by data:cardé in the,réad hoppef.
Several Aaté c%rdé mé& be processed successively. Have blank cards in
4punch';nput hopper. ’ | | ' |
A) +- Console. 70 1951 . 1951

Address Selection 1000

.Pfogrmmned . " stop
gﬂ HaifuCyclel  Run ’
’él,Control‘ j | - 'Run ’
Display ' a Program Register
Ovérflow C _ Stop |

Error y ‘Stop
Press computer reset
" Press program start

Press reader start

Press punch start

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

It the machine stops before processing all the data cards, the data for
‘the reaction in which the stop occurred is invalid. Remaining data if

valid may be processed by setting
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B) Control ianuzl

Press computer resst
Preus tr nsi=r
Control Run

- Press start

The time required for these programs depends on S, .Snd-llpl or
Bx.
. With § = 10, or 12, and Ax = 0. 2 or w:Lth A pl' reasonably chosen

tlme for each reaction under

HONE 4 | o less than 5iminutes;‘

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 necessary to interupt the program while processing the data
for a particular reactlon, this proce331ng may be resumed at that p01nt if
the follow1ng procedure is followed |
Set ‘ ’

C) AddressuseléCtisn- 1800
.Control Address stop
Wheh machiﬁ% stops, remove and save answer cards already obtained. o
‘Set Address 1961
Set Console : 07 0001 0508

Set Cortrd [Manual



Press eomputep reset
. Prees trensfer

Set Control Run
- Press Start ,:,

Piess Punchestart

fRemOVe cards from punchyoutput deck. This memory dunp contalns all the
necessary data for resumlng the problem later. Remove the blank cards
;and the card which gives tha contents of the index register. The remainder |
'1s saved as a supplementary deck, |
To resume the problem, pake:;he original program deck being4used

at time of‘interruption, remove'phé~transfer card (last non-data‘card) 4
repleee it by the supplemeptary decklaﬁdva.trensfer card to 1800 ano follow
procedure A) above. | |

| For succe331ve proce551ng of other data cards not already started,

load these data cards immediately after the above supplemented program deck.

Operating Instructions for FONE Program

Standard drum eiear and'ioad punch routine ere in the program deck.
Place program followed by a set (or sets) of output cards from HONE.
Soveral sets may be processed oucce551vely. Each set must be in the order
punched i. e. in asoendlng order of p., first card w1th pl O,_last card
with py = pl anq there must be no blank cards. Have blank cards in-

punch unit 1nput hopper.





