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Key wor²

1 I n t r od u c Uon

Some pam yl-TS, such " ã , A J / Ð etc - am commonl y

umd to identi f y thei r mother pazt ick m hid E-eneEW phys-

ics experm ent , for exm ple , Bú J/ Ð + X , whi ch is com id -

emd a8 the " golden plated mode" [1] - h mconstnacti on of

the mother pan i cle , we should have a good measurement

d daE16 1ter pu t ick , Ø the kinemat ic a t is commonl y per -

fomEed to inp r£" thei r momentum reeoluÀ£" -

111e pmeedure of the k inematic a t is br iefed u fol -

lowi ng - ACCOEd i ng to dei l zBite hypotheses about the eÞent

tw e and the corm pondi ng com ew ation laws , X2 and Ø n-

st rai nt equ aHons am wd tten Ø t . Its mi nim a Hoa is then

peIf or ty1ed by the Lagrange mul tipl ier method . By mqui r -

ine the tl mt dert vat ives of x z to unknmm pammeters to be

m m , a set of equ± ions is obtained . 111e best e-MEna - , d

unknown parametem are then obu ined by solvi ne this set

of equations .

As these equaHons are in general not l inear , they

have to tm sol ved by the numm eal met hod . Ò 2e com en-

tioazal method m based on the li near appmxi BEati ons , whi ch

i s to expand the constraint equati ons to thei r amt deri va-

tiveg- A lthough th is method looks p÷ ty and is easy Ø

generaJi ze into muIHdi mensional ease - uzzfon uEEaseIY i t

may , i n ¤ome cam - di veEF or cannot e ve a good
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appmmmaum .

However another appm- ch , the method of mgu l a

fatsi LZ] , wi l l al ways convØÂe and e ve a better soluu £" -

In thi s paper we wi l l show how we use the method of mgu -

h faISi Ø ea the fl tted values in the cases that com ù Ønt

equati ons are mduced i nto one-dimension ÷ × the form d

f ( Á ) = 0 . U e procedure[6] d mgul a falai cm be ill ustrat ¤

" Ä m Fig . 1 .

( d- bed lme) m d re, Ala × »si meú £d .

H a t and h m su ch vd ues ÷ f ( a J and k a J

have the op posi te si Á 8 . U t Á ' h th e val ue d z ± wh i ch

tb e h e j om i ns the poAnts M J ( Á 1) ) and ( Á 2 , f u z ) )

i ntemeets the z - axi s - F m zn si mi lar M and e, ru l e ( F is - £

- f ´¤. ) 2 ³ ¯ Ë ¤
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To solve thi s equa60m g vØ

4 2 a d a z ) - a zj h I )

f ( Á2) - r t ÁE)

If f ( Á' ) = 0 , the PEwee- s stope - H f ( Á' ) has the same

a e z as f ( Á 1) , ehoo- e a I = Á' . Odmrwise ehooee a2 =

Á' . U e PEWeeè is then i temted wi th mew pain ( Á1, Á2)

UEZHl f ( Á' ) COZEW E¬es to m m . h h d ear tha i is a bet -

ter appmxi znati on than ei ther a t m Á2 ¤

Applyi ng our appm- ch to E705/ 1277 1 Monte Cad o
J/ Õ + Ì + + Ì - data , the momentum msol ution of the J/ Ð

i n J/ 4JI- - 11Õ + Ì - has been signi fEcand y impmved by thi s

new algor i th m compamd wi É l i near appmxi m u on meth -

od .

2 EQnematic calculation

IA t us mcal l the k inematic ealcul m onUA] d m

event that m unstable pazt i d e decays i nto iu daud ztm -

We denote the meaSUEd vaEt ableg by ¶ , i = 1 , 2 , 3 , ­ ,

N , and their enw matrix by G- I . h moet cases , we cm

asstBEne that all x . am tumorEÉElated , i . e .
( G- I ) hJ = O( i # j ) . Because of the measurement er -

mm and the mconstnACti on errom , the pammetem z t , i =

1 , 2 , 3 , ­ , N ( such Ê slopes , i ntersects and momenta )

may ¢ ¢ ù the physics mquimm n¥ , For example ,

the two Ì s fmm a J/ Ð decay may not converge i nto one

point . We wtl I see that the at cannot onl y el i mi nate the

unm asonable result8 but also impmve the em r di st ibut -

ions d the mconstm eted data .

With constrai nt equat ions j i ( X ) = j i ( ® , ä , ­ ,

ZN) = 0 , ( k = 1 , 2 , ­ , K ) , the ki nemati c St mquim

the hmcti 013

ýJGA Lat - £ 2
x ( 1)

i s mi ni mi md . Hem m pemcd pt O refers to nBeastBÓ d qum -

t it ies . It is easy to see that wi th mzt constram tL the SOIEZt -

ions go back to z i = x ! , i = 1 , 2 , ­ , N , which i s the

m e nd meastamd values . Introduci ng the Ia g m ge mu16 ¤

pli er Á· , k = 1 ,2 , ­ , K , we have

N KXZ= ÷ GaJZa- x!)2+2 2Ý X) (2)
1TIe mi ni m m uon of x z cm be found by ¤olvi ng the fol l ow-

ing si mul taneous equations :

» Ö Ë ¯ § â á Ä Â ½ ¨£ É â È : 441
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(3)

+

13 , ­ , N zE ¤

; f i g Ô ( X ) = 0 , k = 1 ,2 , , K Ø

-Ib e Í + 1 ¤É isemuon p e, © " tbHem zg z

1 þ ¢ H E a J L( r )Zt = zt - E;þ÷j ah a z, ,i = 1,2,­ ,N.

( 5 )
r H also needs to sati sfy Eq . ( 4 ) , the constrai nt

equati ons whi ch are genemll y not l i near , , o dEe method d

successive substi tuti om is used to get the Etted val ues -
NeÅ ¸ ' 8 method m simpâ Ø expand A ( r H ) = O M

thei r ÷ mt ded vaHves :

J ¢ a j i ( r )ù ( r H ) ± j i ( r ) + » ( Æ l - 4 ) = 0 ,

¨ f a z t

k = 1 , 2 , ­ , K . ( 6 )

substi tuting Eq . ( 5 µiE'" Eq . ( 6 ) , we eazz get

ÆÉ a A ( r )
j i ( r ) + À 2 - ( ½ - z : )

» Ú , - ' d

a ® ¹ úa G ¨ j BA ( r } l Z ¹ ² '

× ,® ,dl a z4 l

k = 1 , 2 , ­ , K . ( 7 )

Ê ze pmceØ goes on unt i l some criteria are fu18 1l ed .
Ç Ee NeÛÅOE1' s method mquizÄ some pmli minazy ex -

ami nation d the equaHon . It may happen that the

equMion is of such a character th± the second appmxi ma-

tion Ø i ts mot wi l l k wom than the a mt ( as we can me

fmm the Fig . 1 , the dashed li ne) , ô theXH 1ì l l di veE¬e -

H ½ coul d r@duce the consM i nt equations i nto one , that

is , to el iminate k - l unknmn 1 ¬ , j = N - K + 2 , N -

K + 3 , ­ , N , fmm k - l constrÉ nt equaUons : j i ( r )

= O ( k = 1 ,2 , ­ , K - 1) ,

ZFJ- zd = Y1( Ú1, Z2 , ­ , ZM) ,

Z F4 ¤ b 3 2 Y 2 ( Z 1 , Z 2 , ­ M )
" ( S }

ZN = YE- l ( Z1, z z , ­ , ZM) ,

hem M = N - K + 1 , and them am only M independent

vari ables lef t . SubeUtuting them into the l ast constrai nt

equation h ( X ) = 0 , we have

F ( X ' ) = h ( X ' , 71( X ' ) , h ( X ' ) , ­ , y z- l ( X ' ) ) = 0 ,

( 9 )
hem X ' = ( Z1, z z , ­ , ZM) , tlmn the i teration equation

( 5 ) m l l h
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here zÃ is only the h nCHon d aMI

into Eq . ( 9 ) , we have
F ( Á¨ E) = 0 . ( 11)

h such cÄ e , tbe method d mgula fd M cm be ap-

pl ied- m e pmeedum of method d mgula falsi wi ll h

shown in detai l in the foll owi na example .

3 Reduction of constradnts

h general them am several constm i nts . c m they be

reduced into one? We wil l show that , in Ø m eases - É e

answer is posi t ive . h a J/ Ð decay mode of a fonead

spect mmeter - for exanzple
J/ tJr + Ì Õ + Ì ¤ .

i t cm be seen that constra ints eom ist d a defini te decay

venn b , y . z ) , nmmeatum and eneEZy com em tions -

H we put the z - m is al ong the beam di metion ( e . g . i n

E705/ E77 1 ó Fermi Ia bi s] ) and y Ê veEt ical ly upwazd , a

Et d Et-handed CaEt esian COOEd mate system is then dea ned -

H m denot e the momentum vector d Jç , Ì . and j by

( pz , p , , pz) . ( P 1¤¤p ty , P Es ) and ( p z, , p zy , p za) , Ó -

specu vely , then the track d J/ Ð ÷ × i ts slopes d a, =

PJ pz and a y z py/ pa and intemepu d ba and by , m de.

¤edbed M

z = EE - z + ð , " ÷ )
pa J Ç

Ez - t + Ó ,
P, 'y -

-

and Ì .and same for Ì Õ

be exp ressed Ø

f 1= Èzz + b12
PEa

A = ©ë + b21
p h

A =× z+bt
F EZ

A = á ÷Z+ bz

- So the c£nstram t equaIi ons can

p h- - - z +

p h
£ '

£ ,

- z -
-

© ©z + b,.Pzs » 3E ç.. .

? ë + bEy - y
F Iz

? ë + bzy - y
² Za
p z - p h - Pzs
Py - P17 - p zy

pa - p tz - Pza

A
A
J}

= 0,
= 0 ,
= 0,

-
-

-
-

-
-

A =J M; +p: +p: +pi -
J M;¤+pL +piy+pia- J ML +pL +PL +, t
=0,

ë ² " í ë ¥ " í (HE & NP) Ú 27í

heEM bIBJ IY) , ä , , b2y ) m inm epts d õ and j

tm í , ç and M " m masses d JI Ð and õ m ped ve-

ly . Fmm f 1 t0 ª i t i s easy to get

YI Z Pta = Ú " - b1¤) ,

Y2 = P17 = Ú ( y - b ty ) ,

yz=pza=Ú(z- Ø ,
( 15 )

Y4 2 p zy ¢ Ó ( y - bÏ

y s = p , = p u + p h '

Y6 = Py z PIy + P27 '

Y7 = Pa = P Ia + p h ¤

Them is od y one e£m u ai nt j i and ni ne independent vad -

ableL P Is , P2a, Z , y , z , b IZ, h s J l Ã and b27 leh , " the

metbod d mÁ la h l si can k appl ied . For the simpl icity ,

we denote the eon-uaint equation " f and the indepen-

dent vazt ables ï X = ( ® , Z2 . ­ , í ) = ( PIa , p z, , ª ,

y , z , b ,. . bza , b t, , b27) , Y = ( y s , ª , ­ 4 7) . Ò 2ezz

the i temt ion ä . ( 10 ) bem mes

r = z?- Å!?" t .

Ê ²¥ i + « a( Ç ©©! ,ds 13 ¤ -31 ö -a y. azt

= 1 , 2 . ­ . M ,

( 10 )

Sub- ti tuti ng them

( i6)
so z : " Ô onl y É e function of Á¤¤1. Stab- tHEati ng z :+1, i a

1 . 2 , ­ , 7 into the Com u si nt equati on f we have

F ( Á¤¤1) = f ( r ¨ ( Á¨ ) , y ( r ¨ ( Á" 1) ) ) = 0 .

( 17 )

Now the pmblem is how to select the poi nts , Á 1 and

a 2¤ which make the functi on F ( Á ) have the oppoeite

si8 38 . 11Ä " aÓ h prom dt' " Ä " followi ng . Set Á1 = Á-

and a z = - i to see ¤ they ¾ isÐ

F ( ÁE) ¤ F ( Á2) ´ 0 . ( 18 )

Othenm e " t a t = 2a I and a 2 = 2 Á2 azzd teÊ agai n . U e

PEWee" anisized ¤ the mÇ uali ty ( 18 ) fula ned . Usually it

wi l l k done in a few a ep¤ . FOE- the fl rst iteration - we j ust

take a I = O and a 2 = l and with the search pmeedure

stated u Ø ove Snd Ø t a I m d Á2 which sati d V ineqEad i ty

( 18 ) . When boÉ Át azzd a 2 m found , we go on M th the

m t lzod d mgul a falai m fol l owi ng . M d be the ab- cigsa

d the intemeetion point of the z - axi s and the l i ne j oi ning

(131

´ 14)
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tbe pomu u sl ( aB) ) ± ( azJ U z) ) , m FØ¤ tm the same sip1 " F ( Á2) , Eüplace h wiÉ Á' , other-

1, that is wise let Á1 = 4 .²ITIe promm is then coauntzed to cmate

ÁI F ( az) - Ä F( di j ) . ~ ( 19) a sequence d ( Á1¤Á2) pain - Aher a few stepe Ée cm-
a = FU z) - F ( aJ stmint Eq. ( 17) can well k appmximated - We then F

E F ( Á' ) = 0 , the pmeess ô Ø naee- H F ( Á' ) back Ø Eq . ( 16) and the iteration is going on Ø usual .

Fig .2 . Em f disØ buuons d p , , py , pz ( Fig -X a) ,2 ( b ) , 2 ( cL Ee-peeuvely) d É e geTEemtEd events ( thi ck sol id l ines ) ,

COETected by dIe l inear appm­ mm on medzod ( dó hed Mme- ) m d eORed ed by me »la falsi me² od ( É m ï Ud h es) .

112e stan d md d evi at i on s of erm r d i std bu t i on of recon -

4 R e su l t s stm eted p zPyPJ f J / Ð m shom i n T ab l e 1 . h cm k see n

th a the M on te- Car l o generated data ( si mul at i ng ex per i -

W e have ge nera ted 1000 even ts of J / Ð ú / + j m en tal d ata ) Òü moet m 16 1 . A f ter th e k i nemati c × , th e

÷ × sof twaÓ used in E7 0 5 / E 77 1 ü p ed ram t , i n wh i ch t he data were corm eted usi ng the const r ai nt8 an d t he resol u -

measu m BE nt uncert ai nt i es of ch arged t rac k and J/ Ð m ¤ ti on became bet t er . I t i s Ob vi ou s t hat meth od d m gu l a f al -

mentu m ( 10 - 5OGeV ) were tak en i nto ac cou n t i n t he si ø v e the even bett er m sol ut i on th an h ol d method .

si mu l at i on s - q m k i nem ati c E t wÃ ped on ned ÷ × l i near zw ae L SU ï h r d devM¤ Ø d em f a a ¤± Í m d

ap pm d Enat ion an d m gu l a fd si meth od , m spect i vel y , for EÄ " Ø m a ed PEpy Pz d J / , .

comp ad sor1¤ Òpz / ( Mev / c ) ÒFy / ( M-VI c) Òpa MhfeV/ c )

Ä e erm r d i st ri bu t ions of p z , p y , p z OE th e J/ Ð m GeÇ Ç d m Ä 26 51 1Ø

shown i n F i g . 2 ( a ) , F i g . 2 ( b ) and F i g . 2 ( c ) , EØspecu ve- h d b, h ± µ ô Eima m 21 ½ Ø

P Et t e d b y n e w m e d o d 16 2 3 2 6 4

l y . T h e t h i c k s o l i d l i n e i n e a c h p l o t m p m g e n t s t h e e r m r

d ist ri b u ti on of the generated even ts , the d ash ed l i ne m pp
I Fu zt h e r m o m , t h e C P I J t i m e d t h e n e w al g o r i d m Ê

e se n t s t h e o n e co r m e te d b y t h e l i n e ar ap p m x i m aH o n a n d
a b o u t h a l f OAf t h e l i n e a r a p p m x i En a t i o n i n o u r c a s e , b e -

t h e t h i n so l i d l i n e m p m Ø n t s t h e o n e c o n Ø d e d b y É i s d ¤

ca u se th e c o e t l y m at d x c a l c u l a t i o n s a r e av o i d ed -
go d t h m , Eª Esp e c t i v e 1y .
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