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I CERN/TC/GEN 641

JQTIPROGRAMMES AT CERN.

B, Rcnne

1, Introduction.

A series of FORTRAN programmes ( ~ 40 subroutines) have been
written at CERN in cunnection with the analysis'of AV‘ cahdidates in
the T8 experiment (Interaction of 1.5 GeV/c K~ in the Ecole Pelytech~-
nique heavy liquid chamber).

4 VO is noted as a J%N candidate - (A= P + /U‘ + ¥ ) if
a) the negative particle stops and has an electron at its end,
lé) theve 15 o passible origin of tle V°in the ¢ hawbey |

) There is no kink along the negative track greater than in advance
established momentum dependent-values (Six” criteriaj e.g.(#o for
By = 207 MeV/c), (5°, 160 MeV/c),(10%, 79 MeV/c),(15°, 56 MeV/c)).

The last condition eliminates about 87% of all normal lambda
decays (A =P +177) where the pion decays in flight, It leaves, how-
over, those normal lambda decays, whers the muon is emitted much for-
ward or backward in the CM system of the pidn. The total number of
Agp candidates, defined in the way above, is about 400 in all the
collaboration, 75 % of the events have been analysed by the programmes
described below and the remaining 25 % have béenvanal§séd by a slightly
different method used in University College, London.

Most of the Af‘ candidates are expected to be normal lambda
decays.

In the first series of prograwmes we investigéte if an observed

Jgu candidate can be ekplained as a normal lambda decay (Section 2).

It is without any hesitation necessary to investigate how effec~
tive these testprogrammes are in recognizing normal lambda decays,
where the "true" values of the measurable quantities have been subject

to changes owing to different types of measurement errors, multiple

scattering ete.

PS/Lk245
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We have written a Monte Carlo programme, which generates normal
lambda decays (Section 3). The momenta and angles of the decay par-
ticles are changed in such a way, that the new events are hoped to
simulate "measured gandidates", The efficiency of the testprogrammes
is dinvestigated by means of those generated events.

The artificial lambda decays are also useful when investigating
some types of possible background events, i.e. normal lambda decays
which by.an .caccldent :happed %o sirulate fgu events., In section 6 we
estimate the background due to normal lambda decays where the pion is
scattered very near the production point.

Some owf the true f&u events (if we have any) will of course also
be eliminated by the test programmes because they can be explained as
normal lambda decays. The detection efficiency of ﬁgu events has
thereforr to be determined, To be able to do this we have written a
Monte Carlo programme, which generates true Ar‘candidates (Section 4),

These are sent through our test programmes.

2. Test programmes for A, candidates,

candidate (measured or generated) is sent through two

A A
different systems of test programmes.
In the first one we assume that the lambda direction is known
and in the second one we investigate the lambda without using the
known direction. We can then compare the efficiency of the two medhods,
We make two further assumptions in the analysis., First we assume
that the pion decays after a range, which is greater than 5 mm. This
means that the measured direction of the negative track is identical
with the direction of the picn. Afterwards we assume that the pion

decays immediately at the production point, which means that the

negative track is due to the mucon from the pion decay.

PS/Loks
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Before we start to describe the programmes we want to make clear
two other things, namely the input quantities and the method to cal-

cylate errors in derived quantities,

2,1, Input guantities.

' /;//,/f”’” a’%P %%

“The following 8 quantities (with errcrs) are,assumed‘to be known
for each event:
>\J\.">y“\’ Pps >\p7 (I@p’ P/.d’ >\/4’ \6&1‘,’ , :
where X and ¥ are dip and azimuth‘anglgs respectively..gﬂ( is cal-
culated from L (Fig. l)_assuming that the»muon‘starts in M.

One programme (DIPFI) calculates )M. and Y, with errors in

case the coordinates of A and M are given.,

2\

1l

ek (ZM_ZA>/.J <XM"XA)2 + (v y)
e

b Yy, = yyy)/ (XM~XA>)

A}

2 2, | 2. 2 2. 2 2 2 2
Cos‘%AJEg M {<XM"XA) (U§M+Q§A>*+‘(yM'yA> (7, +4M')] LN

y T s
& 03:1\,» - / 2 - 3 - -
Nl LXM~XA) + (yM~yA)

A

If )h and %i can not be derived, we test the hypbtheSés
described below, where the lambda direction is assumed to be unknown
(Tests 3% and 4).

PS/ 4245



-5 - . CERN/TC/GEN 64~1

2.2, Calculation of errors.

In most cases we want to find out how many standard deviations
an event disagrees from the explanation nermal lambda decay. The
event might be measured or generated. We have, however, the 8 'mea-
sured! quantities (mi) with errors ({T&). All wanted quantities (yj)
are calculated. We then vary all measured variables with a Monte
Carlo programme (RANDOM) assuming that every onc is normally distri-
buted around the measured value with the given error. We replace m,
by m aj_ggj where 2y is taken from a table of random normal
standard deviations stored in RANDOM.

Eight new sets of mi~values are generated (always starting from
the measured quantities) and all yj—valués are calculated for each set.
‘The error of each yj is derived from the distribution of the 8 new
7alues around the first calculated one.

We do not allow errors in derived momenta t> be smaller than

2 MeV and errnrs in derived angles to be smaller than 1° (programme

ERROR) .

2.3, Test of four hypotheses for normal lambda decay.

The four hypotheses come of course from combinations of the
assumption that the lambda direction is either known or unknown, with
the assumption $hat the pion decays directly at' the production or

after a range which 1s greater than 5 mm,

Test 1. Assumptions: 1) Lambda direction known.
.2) The pion decays after more tLLﬁ 5 mm.
In this éase (Fig. 2) we know that the measured direction of the
negative track is identical with the direction of the pion,

We calculate and test the following fou# quantities:

ps/koks
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s
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Fig. 2

— - — o —— ——— Gy ing —— wa - w—n o — o — o——

This should be less than 100 MeV/c for a normal lambda decay.
If the observed transverse momentum exceeds the limit, we denote the
excess, in units ~f standard deviations, by D, .

%g) The dip i/& ) uf the negative track relative the lambda-proton

PRADE i) s e e i wn "D ot — o w—— o— — - —— ot —— o— s s ot

The three tracks have to be coplanar for a normal lambda decay
and we therefore expect /@~ to be zero., The number of standard devia-

tions from zero i1s dennted E&. The dip is calculated from the formula:

lﬁ my o,
1 m n
p r P
n
. - T h
sin /3 = ( s : . : . (2)

2
J 1 - (%Alp+ gAmp + gﬂnp)

where 1, = cos Xi ces P '

m, = cos A, sin Y.
i i i

ni = sin ki

and the lambda direction is taken from M to A.

between the lambda and the BigpL

Y ) The angle ( Wag) between the lambda and the

The space angles between the lambda and each of the two tracks

(@, and w. ) are calculated (programme SPACEV)
cOS Wy = cos( Y- VS)COS )icos }j + sin Xi51n Xj (3)

pS/425
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Using the measured proton momentum and the calculated angle ugp
we calculate the direction of the pion from a normal lambda decay

(programme PION).

-
P cosiu (M—ZA) - LPJTMZ - MMEA

cotu ==L (&)
2PpA sin UJAP
2 2 2
where M = N% + Mp - Mn
2 2 2
A= Mp + Pp sin ‘MKP

We expect w. to be equal to one of the two solutions Wirg -
The difference between wy_ and each of the two u§”7 (in units of
standard deviations) is denoted as DXl and.I)ya. The smallest one of
these two is den .oted Dy .

5 ) The momentum of the muon,
© / 1ihg momentum ol the muo N
. . . N = . . . . . . ,\Y~

The momentum of the pion is calculated from the relation (pro-
gramme PION).

P:Sinw
P AP

Pﬁ = sin w. (5)

b

By letting the pion decay inta a muon directly at angles of 0°
) - ’ Fep W

. and 180° we find (programme MUON) the maximum and minimum possible

momentum of the muon.

2 2 + 2 2
(Mn?+ MP)%W = (M, - MF)EF

Py Dy = — & « (6)

maox el
min 2 Mﬂ

If the measured muon momentum falls outside either limit, we
calculate the distance to the nearess limit (D s standard deviations).
A tested event is in good agreement with the hypothesis normal

lambda decay if all the quantities DJ.’QA 1 Dy and D5 are small.

We denote by Dl the greatest one of these D-values,

Ps/4L245
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Test 2. Assumptions: 1) Lambda directicn known. .

2) The pion decays direéctly.

Fig., 3

The direction of the negative track is now ideantical with the

direction of the muon. We do not observe the pion.

We test the fullcwing quantities:

s " o— v - — S01 GO wan | e Sen s oo e e -

—— — ———— — — — —— ootms  am - o—— w——— vna  woad e o o

This angle can be calculated from the measured proton data, the
momentum ef the muon and the dip angle (/3—) ufwthe muon réiative the
lambda;protgn plane (Eq. (2)).‘We have done it in the fullowing steps.

The pion direction is calculated from Eq.(4), and the pion momen~-
tum is derived from Eq.(5), where w._ is now replaced by uﬁnv'
e have two pion SOlutioQSV(Eﬂl’*#%ﬁl>wégd”<Eﬁ2’uﬂﬂ2)’

In Fig. 4 is assumed that the lambda dec%&s in the papéer plane.
MC is the momentum vector of the derived pion, The muon from the pion
decéy must have a mumentum vecter, which starts in M and goes to any
ﬁ&iht on a momentum ellipseid, which can: be derived, and . which is
shown in the figure., We want nuw to fix the endpoint of the muon mo-
mentum vector, | oo

As we know the magaitude of the mucn momentum, we can cut the

PS/42kL5
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Fig. 4

ellipseid and we find that the endpoint must be situated at a circle;
the one with origin C° in the figure. This circle is determined from
the opening angle (&JLH ) between the picn and the muon.

—-ME-Ma &

I
L. n£ (7)
? |

P P

25

The magnitude of the muon momentum has, however, to be between
the twe limits given in Eq.(6). If this condition is not fulfilled,
we denote by %61 (pion 1) and D 5 (pion 2) how many standard devia-
tions eutside the given limits the measured momentum is, and we further
change the measured momentum to be equal to the nearest limit before
we go on,

We know the dip angle (/3—) between the observed muon and the

lambda~-proton plane, There are.twc points on the circle (B and B”)

PS/ 4245
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for which the muern tracks MB and MB” will form the prescribed dip

angle with the lambda decay plane.
In order to get any solutiun we must, hcwever, have the condition

& W fulrilled, If this is net the case for an event, we denote
T 3

by DXI (pion 1) and D_. (pion 2) the number of standard deviations

¥2

L

/3~ exceeds uqv‘ and we further put /{ﬁ equal to qu

The azimuthal angle <V3¢¢> between the lambda and the derived

muon is found from

[ 2 - 2
+ ucosv/ﬁ 5.cos M%w "
V = s& ~ arctg ——— (8)
Ap ” S COS .
ﬂ;,-(.
and the space angle Uﬂ/‘ is calculated from Eq.(3). e denote the

difference (in units of standard deviations) between the derived
[ AL ‘t D
angle u{ﬁu and the measured one U/ with D&ll’ 512 D§21’ and
Dy (2 solutions for each of the 2 pion solutions).
An event is in good agreement with the tested hypothesis if all

the D-values in one uf the following four rows are small. (Each row

represents one possible decay) N

1) Dy Daa Py Py
2) Dy 941 D?& Dél2
3) Dy D D D

A2 y2 521

L) D D D,

« Tae e Pseo
e define the best row to be the one which has the lowest

maximum D-value, and we denote this maximum value by D

.

2

An observed event is compatible with the explanation normal Lambda

decay if either D, or D is small. The smallest one of these are de-

2
noted D12' DlZ is therefore the number of standard deviations with
which the best possible solution (out of up to 6 possible) disagrees
from the hypothesis normal lambda decay with the direction of the

lambda known. Goe

pPS/4245
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Test 3., Assumptions: 1) Lambda direction unknown,

2) The pion decays after more than 5 mm,

F

Fig. 5

We knew the proton momentum and the angle between the proton and
the pion., We want to calculate and test the momentum of the muon.
From the momentum of the proton and the angle u@ﬂ we calculate

the mcmentum of the pion (programme FREELA)

1 » i oo f 2 2
% —ZA{M%)MSWMT~}%fM -imWA} (9)
where .
M= M2 - P Mz
A 9] L2
2 2 .2

A = Mp + P sin an

o]

“

For each PT; we caiculate,tﬁg maximgm and minimum momentum of
“the muon (Eq,(6)).
| We compare the cbserved muon momentum with the calculated limits.
‘If the observed mementum falls outside the limits for both solutions,
.we danote by D, the number of standard deviations to the nearest

3

limit for the best sclution.

Test L, Assumptions: 1) Lambda direction unknown.

2) The piun decays directly.
We now observe the proton and muoa momenta and the angle between

these;particles. Starting from the two momenta we want to calculate

pcessible values of the opening angle_Au?‘ .

PS/h2oks
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Fig., 6
The maximum and minimum possible value of the pi%n momentum can

. be‘caloulated from both RM and Pp'

Fron Eﬂ* we get

1 2 2 ' 2 2 R :
(Pp) 5 = ;&5 P/H(Mn + 1) Loz (Mﬁ - M i} (10)

==

wP,L&
1%0°
Gi@ﬂ%bs e .-
] T e
From f;’u (B Vi : o
i
FVOM FP (E')TJMQ)(

PS/L2ks
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From Pp we derive

(B, = —35 g e - 4MZM§ M P (11)
m%n 2M b p : P
o
” 2 22
where M = M, - Mp - MW
The pion momentum has to be between the greatest (P ) . =P |,
' ‘ : : T min min
and the smallest (Rﬁ)max =P o (Fig. 7). *
The angle ujp (Pﬂ) must be between the limits
A
Wi (B) S (P.) & W (Pr) . 12
P p T max lupﬁ v p T ' v o (12)
where ,
25 ETT - Mi + M§ + M2
cos w,__(Pp) = 1% £ (13)
on
2P P
. pr
and > >
Mﬂ - M/u, . o
tg “%ﬂ(Pﬂ ) = - (14)
Fra2n 2 24
fﬁgﬂgﬁ - (Mnb» gu)
We vary P_ between P . and P . and calculate the distance (z)
m min max

between the observed opening angle and the nearest limit of the kine-

matically possible values (shaded in Fig. 7).

The smallest distance z (measured in standard deviations) is

denoted D4.

For a normal lambda decay we have either D3 or D4 small. We denote

the smallest one of these values by D34.

qu is thus the number oLf standard deviations-an event is from
the explanation normal lambda decay with the direction >f the lambda

unknown,

PS/L2L5
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3, Monte Carlo programme giving normal lambda deccays.

A few or our rolls have been carefully scanned for all types of
lambda decays and all ebserved lambdas have been measured and sent
through GRIND, Momenta and cordinates of apeces for about 100 of
these lambdas are used as starting values in our Monte Carls programnmes.
We have alsc used a sample (~ 50) measured in Paris.

We ehoose an arbitrary angle ( mﬁﬁ ) between the proton and the
lambda in the center of momentum system of the lambda (programme ANGLE).

% - - .
U . = arcoos[99 éﬁk ' (15)

>, 100
where k is a random number between O ang 99; taken from a table in
programme RAND, |
The transformatien from the CM s&stem to the lab. system is done

in the programme CMSLAB.

%/ 2V 2 ow
35 L~ Aoy sin Wy,

J
W . .= arctg G —" (16)
1] /SCM + ﬁj cos gyjj
where the particle i decays to jJ.
ﬂCM = Pj/E,‘ is the velocity of the decaying particle and
| /g’; - p”J‘,/E;‘ is the velocity of the decay particle in the CM-
system,
The momentum of the decay particle in the lab. system is
% % »
b L P, Bt (35 cos W | (17)
j - ( 2\ »*
V1~ /3CM ‘Gj cos u/ij

From Eg. (16) and (17) we calculate the direction and .the momen-
tum of both the proton and the pion in the lab., system.

This part of the programme has been controlled in the following
way. We generated 1000 lambda decays with a constant lambda momentum

of 1 GeV/c., Differcnt momentum and angular distributions of the

PS/ k245
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generated events were plutted (Fig. 8) and found to be in excellent

agreement with the theeretical distributions.

0 S" ] i S H
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Fig. 8.
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3,1, Generation of Apnu events where the pion decays aiter more

than 5 mm (Type A). ¢

e start from the generated normal lambda decays and letythe pion
decay in flight tc a muon (programme PIDEC). We assumé that the pion
decays before the last 5 mm nf its range., This cut off corresponds to
& momentum of 51 MeV/c.

An event where the pion has lower momentum at the decay will
always be 1in good agreement with the hypothesis normal lambda decay
as the total length of the pion and the muon will differ very little
from the potential path lenth of the pion.

e denote by tmax the time it takes ginmthe CM system) for a
pion of momentum Pﬂ to come dnwn to thé momentum 51 MeV/c. We have

the empirical formula:

_ 3 2 . ...9 e ) :
ooy = (-680 Bl o+ 420 B - 1.8 Pﬁ - 0.91) x 10 ~ sec | (18)

where Pn is measured in GeV/c.

The pion is assumed to decay after a time tqu~ t where
o nax
2k + 1 T
— — c——rco—————— - :
t =-71n { 1 55— (L - e )E , | (19)

where Yy is the lifetime of the pion and
k¥ dis an arbitrary number between O and 99.

The momentum of the pion at the decay is obtained from the

empirical formula |
(By ) 4= 0.0000393(t x 107)7 - 0.00123 (¢ x 1092 + (20)
0.0230 (t x 10) + 0.051 °

The Six ‘s criteria, which eliminates all pion-muon decays where

the laboratory angle between the two particles is‘great, have to be

fulfilled. This means, as a good approximation at our energies, that

Ps/4245
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the muon has to be emitted at an CM-angle (LM;L ) which is smaller
than 590 or bigger than 1670 relative to the direction of the pion,

We choose the angle in the following way.

X - '
bu@” = arcoosi -1 - éﬁ%agglﬂégs 167‘} k = 90 -~ 99
. , . (21)
= arccos i'ﬁggi cos 39 } k= 0 - 89

where k is an arbitrary number between O and 99.

The momentum of the muon in the laboratory system is now calcu-
lated by help of Eg. (17).

We are, however, not interested in the real muon momentum. We
must in stead know what muon momentum;corresppnds to a track length
which is equal to the sum of the muon track length (%ﬁa) and the
distance ( 4 RW‘) the pion has passed before decaying,

We have one programme (RANGE) which calculates the range for
a given momentum and vice versa., From this programme we find
fo + ﬁiRﬁ and also the apparent muon momentum corresponding to
this track length.

We.have now created a real ~£@u. event. The 8 input quantities
(mi) mentioned in Section 2.1. have been derived. We‘want to transform
these variables te "experimental' values. We take the errors (Cri)
corresponding to m, f?gmboge7A§rp}E?§fy chosen, of ou? measureé
events, o

We replace the 8 mivvalues-by mi'+ ai(T; where the ai:s are
random normal standard deviations stored in RANDOM.

Thé new set of mifvalues is assumed to simulate measured
quantities,

We require for a udﬁ( candidate that the negative particle stops

in the chamber, We have therefore to eliminate those of our created

ps/h2ols
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events which do not fulfil this condition,

A generated JjVL event is located in a plane (xy) which is
parallell to the bottom of the chamber. The x-~direction is parallell
to the longest side of the chamber. A programme named ROT rotates
the event an arbitrary angle (0 = é%%%?T ; k=0...99) around the
x~axis,

Frem the knewn coordinates of the lambda apex, the direction of
the muon track, and the end coordinates of the chamber we calculate
(programme RMA) the maximum observable muon path length, This is com-
pared with the corresponding path length of the generated negative
track (programme OUT)., The calculations above are also performed
for the proton.

If a proton leaves the chamber we have to increase the error in
the "measured’ momentum. This is done in POUT, In this programme is
stored a table containing percentage errors in observed measured
proton momenta for events where the proton has left the chamber., As
the proton momentum now has a big error, we also have to change the
"true' generated momentum to get a new 'measured" momentum, This is

-

done in the way described above,

3,2, Generaticn of deu events where the pion decays directly (Type B).
We start from thé generated normal lambda decays. The muon from
the pion decay can now be emitted in all directions in the CM system
of the pion. We find the angle»uﬁi_ from Eg. (15) and can calculate
the muon direction and momentum in the laboratory system from Eq. (16)
and (17).
Exactly in the same way as above (Section 3.1.) we transform a
generated real event to a measured event. We also control .f the proton
and the muon tracks stop in the chamber and change the error and the

value of the proton momentum if the proton leaves the chamber,

PS/ U245



- 19 - . CERN/TC/GEN  6k4-1

4, Monte Carlo programme giving dﬁy decays.

Wevﬁéébfhe.momenta and the apex coordiﬁéteé for.thé‘unbiased
samﬁle of observed lambdas mentioned in Section 3 as starting values
when generating kﬁyq events,

We have ti make scme thé¢retical assumptions:

a) The momentum distribution of the muon is obtained from the avail-

.2blc non-invariant phase space (M.M. Bloch; Phys.Rev. 101, 796

(1956)) .
: 2 2 2 2

dg o0 Pyu(l-8)" | 3(M -E, )7 (1+4) - P _(1-4) | aP 22
where

MZ
e (M Ep)2 P2
A /{A,- /q_
and E/{t is the total energy of the muon.
In Fig. 9 we give the theoretical momentum distribution and

the - momentum distributicn of 1000 generated muons (programme
MUMOM) .

. 3
b))The distribution of the space angle (W ) between the muon and

J\/(,(
‘the direction of the lambda is assumed to be isotropic in the CM
‘system of the lambda. This is true because the lambda has spin
; - *
1/2 and is not longitudinally polarized. The angle U%VK is ob-

e

tained from Eq. (15).
¢) The distribution of the space angle (kq:i ) between the muonhand
the ¢ is assumed to be isotropié in the CM system of the lambda,
This is not true, but it is a good approximation tu e.g. the V-A

7Y.
distribution. ( W from BEq. (15))

/O‘V

*
d) The distribution of the azimuthal angle (@), ) between the muon and
the v is isotropic in the CM system of the lambda., This is true

*
" since the lambda is unpolarized. (Gv = é%%%ﬁ&vk:0.0.99)

Ps/42L5
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The assumptions above perform us with data for the following

wA;Y-
Al

variables:

*
%M .

# *
5 %@v’ and 8, -

We can then calculate all other neecded quantities.,

The total energy (E;) of the proton in the ¢M system is found

from the relation:

PS/L24s



- 21 -~ CERN/TC/GEN 64-1

+ 2 N 2 ¥ ¥ X

., P, T+(M ~E + M7 o+ 2P (M ~E cos W
E" - M NM ) P /M A M ) Ay (23)
b . 3 - Er .

2(M -~ E7 4+ P” cos W )
a T s T v
The momentum of the neutrinec is

* - #

P =M - E - E (24)

The angle (905') between the proton and the muon in the CM system

is obtained from the formula:

2 b 2 % 2
& P'; + P07~ F
(UP = arccos - *’* (25)
” 2P P
oA

The dip angle ( X;) of the proton relative to the,@ﬂ plane is

given by:

A sin QV

%
kp = arctg | - T (26)
.)(..\

w2 2
. bﬁiz‘ + A%cos;noy

where PO
P P sin W
A o= LY ks
€ZA+ P cos b%ﬂv

The plane angle (Q:;) between the lambda and the proton in the

CM system is found from

Y I T B
¥

N A cos 8. ’

g_—A»P ~Wﬁﬂ*drcﬁg [-—7—-—-'*] - T'] (27)
» : ' ¥

We can further calculate the space angle <Mﬂ&p) between the
lambda and the proton from Eq. (3).

The momentum and direction of the muon‘(gkl;’uﬁ&u>) and the
proton (Pp ;(Aﬂhp) in the laboratory system can be calculated from
the programme CMSLAB; Eq. (16) and (17) above.

These true 4?/4 events can be .transformed to observed cvents by
the method described in Section 3.1. %e,finally select those events

where the muon (and proton) stop inside the chamber, and we increase

the error and change the momentum for protons leaving the chamber.

PS/4245
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5. Results frem Monte Carlm and test programmes,

5,1, Number of events and general statistics.

The following numbers of Q&/u candidates have been analysed by

the programmes described.

Number of events with proton Number of events

Laberatory stepping | leaving or interact. per laboratory

Bergen Lo 18 65

CERN 82 35 115

Paris 78 40 118
Total . 3
numbers 207 91 290

Table 1.

e have generated about 5000 MonfeQCarlo events of each kind
(,Aﬂ/Mw of type A and B and Jgﬁkv. Some of the results below are,
however, not received from this total number, and we will therefore
for each investigation note the actual number of events.

From most of the generated events we fihd that the following

fractions of particles stop inside the chamber.

Type of Percentage of perticles otopping
event ‘Muon Proton Both
wdﬂ/w type A 84.8 85,9 75.6
_Aﬁf\ type B 91.1 8h.3 78.5
Ap 95.6 | 85.8 | 63.8
Table 2.

From the JQﬂ events of type A we further note
a) that 14.5 % of pions, which decay before the last 5 mm of their
their potential path Rengths, decay already before they have passed

a range of 5 mm,

PS /hoks
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b) That about &4 % of all generated pions have a momentum which is
less than 50 MeV/c (range less than 5 mm).
Some other remarcs:

| — - — ooy ot o i oyt — — is v o — — — s ool mvy o oorns  tamd  womw e e e e

e can now estimate how big fraction of our observed candidates
are type A or Type.B events, Let us assume:
ol) Measurementsson the negative track gives the direction of the pion
(muon) if the pion decays after (before) a range of 5 mm.
/3) The Six criteria (eliminaticn of pion decays (87 %) where the
' space angle pion-muon is great) can be applied down to a pion
range of 3 mm,
We then have

Number of type A events K P>5 B 0.13-0.885 B

)  0.13+0.4-0.145 + 0.6+0.145

be £ & yfc) ]
Number of type B events k P3_5+ PZ

3.
= 1009
where k is the reduction of events by the Six criteria

P. 1s the probability that a pion decays in the range inter-

L
val L mm,

We conclude that we can expect about the same numbers of type A
and type B events in our experimental sample.

This figure may be somewhat. wrong from two rcasons. Inclusion of
pions which decay in the last five millimecters of thoir potential
path lengths would increase the number of type A events. The inter-
action possiblity of pions would, on the other hand, decrease the
number of type A events moré than the number of type B events.,

As we will find that the background from both types éf events is
about the same, we find 1t unnecessary to investigate moré in detail

how our observed events are divided between the two types.

PS/h2ks
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In about 88 % of our generated ‘A"Qﬂ*' events with the muon
stopping we find that the proton alsn stops.

In our experimental sample we find that the pruton stops in
70 % only of all events. The difference is duc to 1nt rwétlon of
the proton., This reaction pocsibility is not included in the programe
mes. But a vproton leaving the chamber or interacting will be subject
to the samc changes; the error iq the momentum will change from 1 or
2 MeV/c to a big fraction of the true momentum. We can then apply the
Monte Carlo results from events with proth leaving the chamber also
on that fraction of our events where the proton interacts.

We therefore consider events with the proton stopping or leaving

the chamber separately in the following analyses.

3._Momgntun and angulsr distributions.
The programmes print out momentum and angular distributions for
all particles (CM and laboratory system), both for primary generated
evehts, for events stopping in the chamber and for events which
agree with more than a preset number of standard deviations from
the explanation normal lambda decay.

They also print out distributions of D DB’ Dq, D and

1 Yo 12
D34‘defined in Section 2, and finally complete information of events
which disagree by more than a preset number of standard deviations

from the explanation normal lambda decay.

4. Overall control of the programues.
A1l subroutines have besn separately tested as far as possible.
An overall test of the complete system of programmes is obtained in

the following way.

That subroutine (RANDOM), which transforms the exact éiﬁyu events

PS/h2hLs5
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(type A 2nd B) into experimental events, is taken away., When sending
the exact type A events tﬁrough our test‘proggémmes we find; as
expected5fthat all events are in complete agreemcnt with tests l‘and
3 but not with 2 and 4. All events of type B are, on the othér hdnd,
in excellent agrecment ﬁith tests 2 and 4 but disagree sometimesi
with the other twe tests. This overall test has been performéd on a

sample of about 200 events of cach type.

5,2, Lambda direction used (Tests 1 and 2).

The distributions of D for the three Monte Carlo programmes

12
(proton stopping)vand for all abserved events (Bergen + CERN) are

given in Fig. 10 and in Table 3.

Percentage of events
Type fumber of D12 standard deviations
OVEMEE 1 0m1 | 12 | 2-3 | 3-h | k=5 |55
»
*AEM type A 2814 61.7 | 25.5 7.9 1.9 1.1 1.9
A 1688 | 35.0 | 28.4 |14.5 | 6.8 | 5.5 | 9.8
Observed \
Cvents 182 73.1‘" 1801 L"ol{' lc? 006 lo? '
Table 3.
D is mainly the greatest number of standard deviations out of

12
2 or 3, which are supposed ﬁo be normally distributgd.“We therefore
expect the Dlzidisﬁributiuné for %dﬁ/K' events to bé broader then
?fﬁémﬁafﬁai‘diétributiéhs; e sheuld for example have lOllSW%'bf"bur
events outside 2 standard deviations in comparison with 5 % for a
normal distribution, This is in agréeﬁent with the observed data,

‘But it is in diéagreément, with what we expéct} tb”hdve events

outside 4 standard deviations. We have there about 3 % (= 200 events)

P/ h2ks
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of our AT sample, The reason for this is.not quite understood,.

It may be due to that some of our input quantities are¢ not normally
distributed, Or it may be so that we sometimes have cevents where the
measured data are correlated in such a way that a unit action in some
direction when changing the data from true values to experimental
data transforms the whole event to such a bad condition that it is
very hard to find the true explanation. Some kinematical catastrophic
regions exist.,

If this is the reason, we should expect the same to happen also
for our observed events. And we find that the experimental distri-
bution agrees very well with the two generated Monte Carlo distri-
butions.

The JVA distribution contains of course more events, which
disagree with the explanation normal lgmbda decay. We have e.g.

15.3 % outside 4 standard deviations. But the background of ATm events
is s0 high (~ 10 events outside & stand;rd deviations for all the
collaboration) that we conclude that it ié imﬁossible to use testé
1 and 2 to find ~ﬁ¢¢ events. |

- This might not be too catastrophic. We have namely a type of
background which is very difficult to el iminate in case we use the
lambda direction. This i; due to events where the lambda has scattered
without giving rise té any visible tracks. The assumed lambda direc-
tion could disagree quite much from thé true one in such cases, and

the event might be taken as a lambda-muon event.

PS /4245
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5.%, Lambda direction nct used (Tests 3 and 4). .

5.,%5,1. Proton stopping.

The different distributiocns of D34 are given in Fig. 11,

We find that the Jn/u, distributions are completely inside - 3
standard deviations, while we have 12.6 % of the _47¢ distribution
outside this limit. If we eliminate events within -2 and +3% standard
de&iations we find the detection efficiency of qu,evonts to be 15.0 %
and the expected background from J&B/£ events 0.10 events.

The momentum of the neutrino is above 60 MeV/c, i.e. near the
maximumn possible value, for most of the .474- events which can be
detected.

We have observed one event where D

3

not be a normal lambda decay. We have also two events which have D34

L is less than ~5. This can

greater than +1, We expect te have two background cvents in this

region and have therefore assumed these twe to be VAJ;A& events,

5.3.,2. Proton leaving the_chamber.

The four diétributions are found in Fig. 12. The big error in
the proton momentumvfor events where the proton ieaves the chamber
(or interacts) ﬁakes it poésiblé to eiplain almost all'u@fk events as
possible-JT}uevents. -

We conclude that we can not uée Jyu..candidates where the proton

does not stop in the chamber.

5:.%+34 Test 3.

We want to give the results from test 3, for the‘case where the
proton stops, separately. This test can be used quite easily without
complex programmes, and it eliminates most of the .Aﬁ/& background,

The distributions of D3 are given in Fig. 1%, We find that type A

events are in good agreement with test 3, This is of course what one

PS/4245
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can expect as test 3 1s just a test to see if the event can be explained
as a type A event, |
Type B events are, however, not always recognized as normal
lambdas by test 3., We have c.gs 0.8 % (= 1 event) of all type B
events outside 5 standard deviations. Outside one standard deviation
we have 25,5 % of the wﬂyﬂL events and about 5 % of the normal
lambdas (~10 expected events in our sample; 6 are observed by
using test 3 only).
Test % is thus a'good method to purify a big sanmple cf J%ﬁﬁ candi~-
dates to get a few events, which, however, héve to be tested afterwards

in some way, to find out if they may belong to type B.

6..Jky background due tu scattering of the pion from a .normal

lambda decay,

If the pion from a normalnlambda decay happens to be scattered
near the production point (before a range of about 3 mm), it will be
difficult to observe the scattering. Such a scettered pion, which
decays to a muon, might simulate a ¢@/L event.

To find out the background from such unobserved Scafterings we
proceed in the following way.

We choose a scattering angle (VO) of the pion from a normal
lambda decay (Section 3) and generate the agzimuth angle (8) of the

2
scattered pion by a Monte Carlo prugramme (6 = ?gé 2T 3 k=0,1...99)

The new direction of the scattered pion is calculated, The pion is
assumed tc be scattered against a free proton and we therefore change

the pion momentum from PTT to

> > .
M - . :
p Bou ¥~ Aou siny (28)

PS = - ﬁé 82 E%cos v o+ t 1 - ~1‘"“—“§"
= Agtes v = A

PS/h245
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where

. : 2
‘X ) Mp My 4+ By o+ M77
(U {2 2 2
MY M P M
up ﬁv+ Eﬁ + Mp

The scattered pion is put into the Monte Carlo programme described
in Section 3.1l,, which genermtes a wAT?./Mevent of type A, This scattered
“Aﬂym‘ event is sent through the four test programmé& (Section 2.3).

We generate 100-300 completely new events with the same scattering
angle and can then determine how big fraction of these bad events
would have been taken as .Ayu events according to our criteria above
<D54- £ -2 or > +43). This fraction, as a function of thc scattering
angle is shown in Fig. 14, It is based on 1660 events where both
proton and muon stop.

We conclude that pions scattered less than or equal to 15O gives
almost no background events (0 background events in 350 generated énes),
and that about half of events where the pion is scattered more than
900 will contribute to the background.

We have to estimate how many scatterings in the first 3 milli-
meters of all our pilon tracks we can expect to have in our sample of
Ji/u, candidates,

To be able to do this we have investigated 8,5 meters pion
tracks GRﬁ > 2 cm) from an unbiased sample of normal lambda decays
in the same rolls, The plane angle distribution (o ) 30) of scattered
pions is given in Fig., 15. |

We héve observed 10 events with plane angle greater than 150

and we have therefore about 15 events with space angle greater than

PS/k2k5
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the given limit in & track length of 8.5 meters, Our 2OOAﬂ candidates
with proton stopping currespund to 200 x 3 mm = 60 cm pion tracks
where unobserved scatterings can have occured. We therefore expect
to have about 1 big angle scattering, which should give a background
of about 0.08 events according tu Figures 14 and 15.

We want to note ocne special feature with the background events in
Fig. 14, About 95 % of the events have D

3

5 7% have ng less than -2. The corresponding figures for our detectable

L greater than +3% and only

“AVM events are 0.7 % and 14.3% % respectively. This means that if we
restrict ourselves to taking only fb‘events where D34 is less than
-2 (muon mcmentum luwer than expected), we loose less than 1 % of our

j%ﬂ events, but have practically no background from scattered pions.
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7. Summary .

i) We have written a number c¢f FORTRAN programmes to test whether an
observed J%ﬁt candidate (AL =7p + fxn + ¥ ) can be explained as a
. . e

normal lambda decay (/A -+p + TT_)Kwhere the pion decays to a muon.

1i) The detection efficiency nf.ﬂﬂfeventsk(defined to be that fraction
of_Awu decays which can not be explained as normal lambda deécays),

has been estimated by help of Monte Carle.generatcd “/Eu events.

We find that H%%(events where the praton leaves the chamber or
interacts (big error in the proton momentum) are, with very few

exceptions (1%), possible tc explain as normal lambda decays.

Tor J&u events where the pfotbh stops inside fhe ohamﬁer Wé find

that

a) 22.1 % of all generated events disagree by more than 3 standard
deviations frum the explanation normal lambda decay in case we
use all "measurable" information from created events.

b) 12.6 % ouf vur eveuts fall outside the same limits in case we do

not use the information about the lambda direction.

iii) To be able to determine how effective our programmes arc in
recognizing J&Eﬂ events, which have been subjected to measurement
errors, we have written a Munte Carlo programme, which generates
normal lambda decays and which transfurms these true events to

"measured" anes,

We find that jﬁ}«events are effectively recognized as ﬂ@y&events

(i.e. all ‘generated events are within 3 standard deviations from

the true explanation) in case we do nut use the information about
the lambda direction.

When using the extra constraints, which a knowledge of the lambda
direction implies, we find that some of our Aﬂf{GVeﬁtS are not

PS/Lok5
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recognized as such, We have fer example about three percente of our
generated sample mcre than 4 standard deviations from the truec
explanation, This disagrecment is probably due to the existence of
some kinematically catastruphic regions and also to the fact that
some of the measured variables are not normally distributed. The
disagreement could probably b~ =2t least partly overcome if the
error calculations were performed with still higher precision

(but with the same methcd) as is used in the programmes.

From ii) and iii) we counclude that a use of the better method (iia)
to recognize /5” events (lambda direction known) leads to a high
background of unrecognized JT@Mevents (about 10 events in our case)
To aveid the.Aytbackground, therefore, we have to usc the method in
which one assumes the A direction to be unknown., This method
gives a detectiun efficiency of 12.6 % with no background or 15.0 %
with a background of J.10 ‘47&M.events in our case.

The second method has, in comparison with the first one, an other
advantage., A “s, which have been scattered without giving rise to
visible tracks, will give a non negligible background, which is

very difficult to eliminate, in the first method.

207 ~€%& candidates with proton stopping (events from Bergen, CERN
and Paris) have been analysed by the programmes. Two events were
found to disagree with the explanation normal lambda decay. One of

these has, however, no visible origin inside the chamber.

‘The background from .Afijuevents where the pion is scattercd very

near the production puint has been investigatcd by Monte Carlo
programmes. We find that this background is about 0.08 events in
our case.,

Results from the “9“ invéstigation, including determination of

branching ratio and discussion of other types of backgrounds will

. published.
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