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Angular distribution tcchniquc to mcasurc Ao polarization
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11 is reported a ICl'hniquc to mcasure"\o polari/,ation; this techniquc consists on fitting 10 a straight li!le Ihe AO-decay-prolon angular distri-
hutions. delcrmincd in the Ao rcst frame; the slope 01' lhe lit is direclly rclalcd to the Ao polarizaliol1.

K('.vwords: A0: polarization: angular distribution

Se reporta una técnica para medir la polarización de Ao; esta técnica consiste en ajustar .l una línea recta la distribución angular del protón
proveniente del decaimiento de Ao, determinada en el sislema donde Ao está en reposo; la pendiente del ajuste está relacionada directamente

con la polarización de A0.

f)('JcrlplOres: A0; polarización: distribución angular
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I. Introduction n. normal to tMeproduetion plane
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FIGURE l. (a) Lahoratory coordinate system and sorne useful vari-
ables are shown: (he normal lO (he production planc is defined by
Eq. (1). (h) Ao rnass rest coordinate system is shown.

In experimenlal high energy physics, it is a common practice
lo develope lcchniques to analyze data and ncver formally re-
pon lhcm; lhcy pass hy woru oC moulh hclween lhe physieisls
and occasionally are reinvented. This phenornenon probahly
Iwppens hecausc habitually in the letters or rapid comunica-
tions there is not spacc enough to make a detailed description
of the used technique; fm that reason, only bits, trying to
describe brietly the employed technique, are given, making,
sometimcs, more obscure such technique.

In Ihis paper we describe a technique lo measure Ao
polarization. This tcchnique mainly consists on fitting to a
straight line the AO-decay-proton angular distributions, de ter-
mined in the Ao rest mass coordinate system; the polarization
is extracted fmm the fit slope and fit interception, knowing
the asyrnmctry dccay parameter in the channel Ao -7 p¡r-.

2. The technique
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(.) Loboratary coordinate system
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(b) A rest moss coordinole system
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In 311experimental studies of Aa polarization, Aa is deteclcd
and analyzed lhrough lhe ueeay channel AO -t p"- [1]; sueh
uccay oeeurs wilh 63.9 :f: 0.5% oC prohahilily [3]. To ueler-
mine Ao polarization, or any other hyperon polarization, we
need to expcrimentally define a coordinate system, in par-
ticular the qu~mtization axis, with respect lO which we want
to measure the polarization. To define this coordinate syslcm
ami lo introduce sorne essential concepts, consider the Fig. l.
In Hg. la it is sketched the lahoratory coordinate system; the
prouuelion plane is defioeu hy lhe Ao momentum (PA) and
(he heam momentum (Pbcl\m), the normal to (he production
plane is defineu hy

_ Pbel\lll X 1\.
11 = I .Ftel\m x PA1

For a dctailed description, see Ref. l.

( 1)

The normal lo the produelion plane is taken as lhe quan-
tization axis; i(s direction is a Lorentz invariant, when (he
ooost is made <llong the P" direction h<lck to the Ao mass
rest frame. In Fig. Ih this si(u<ltion is dmwn; the y axis is
along n (the quantization axis), the axis z is along the Ao
momenlum. anu x = y x z. lt is very well known lhat lhe
angular distribution of the proton, in (he Ao mass rest frame
is given hy [2, 4J

,IN
<In = No(l + aP eos 8), (2)

where dN is lhe number of pro(ons, from (he Ao decay, in-
side of the solid angle dn, No is a normalization cons(ant,
lhe asymrnelry parameler. (l. is 0.642 :f: 0.013 [3J. P is lhe
\0 I . .

J po aflzatlOn along the normal to the production plane. and
the angle () is delined by cos () = Pprotoll . 11. For a detailed
deriva(ion of lhis formula, see Ref. 4.
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The corrcction for dClector acceptance must he done hin
h~ h!n i~ Ih~ cose dislrihutiOll, lhe correcled ror acceptanee
dlSlnhulJOn IS Ihe ralio of Ihe real distrihution lo the aceep-
lance, an example is given in rig. 2e.

ln o!her words, suppose lh<llafter the correclion in the hin
j we gel ej evenls. Ihese are ohtained hy

In cnch slep, the propagalion of errors must he done carc-
fully and ineluued in lhe corresponding analysis.

The corrccted for aeccptance distrihution is the one Ihat
must he litlcd lo a straight line (y = 11l:r + b); fmm the fit
11I and b are Ohl<lincd,indccd Ihe corrcsponding errors. Com-
paring wilh Ihe Eq. (2) we ohtain:
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FIGURE 2. (a) ("os O dislribulion 01' dala. (b) ('Os O dislribulioll ofthc
acccplancc. amI (e) ("Os (J distribulion of lhe corrccted fm detector
nc(cplanee dat<lare shown.

o.
cose

The polarization nOflllally is studicd as function 01'
PI' 111. ir lhis is lhe case. in each PT hin <,ose Illusl be his-
logramlllcd, sec Fig. 2a for an ideal cxamplc, Ihis is a typical
distrihulioll. BcfofC fitting lo a straighl line, it mus! he COf-
re({el! for detector acccplacc.

The normal tcchniquc lo study Ihe deteclor acccptancc is
Ihe l\'1ontc Cario Icchniquc 1-11. It (onsiSls on gcncrating a
dala samplc (we caJl this Ihe gcncralcu sample) and passing
illl1rollgh a cOlllputational sillllllated detector that truly emll-
lales all aspects 01" the detector (the sample that pass Ihe eom-
pUlalional deleclor simulator is called Ihe aeeepled salllple);
in principie ir Ihe generated samplc is a good olle. lhis ac-
cepted sample must resemhles all the real distrihutions (PT,
.rF, 1\. ~)rOtflli' etc.). ir not we must start aguin with an-
other generaled sample; this circle must he repealed 1I11tilwe
ge( ;¡ good acceptcd samplc. In practice Ihis cirele eould he
cndlcss, vcry consuming time; a more managcablc approach
is lo reproduce only the dislrihutions uscd in dctennining Ao
poiaril.alioll (Pr, ele.). Wilh thcse two salllples, the detector
acceptance is dcfineu as lhe ratio of the acccpted data lo the
gencraled data. in each <-,os e hin. The cceptance is less than
one dlle lo Ihe limitcd geolllctry ofthe delector. incfficiencies
in the spectromeler deviccs, ineffkiencies in the event recon-
struclion, etc. 1\n example 01' acceptance is given in Fig. 2b.

To sel ideas up. supposc that in the hin j 01' the ros (}
dislrihution there are Rj entries; and Ihal for Monte Cario
sludies 01' lhe acceptance, in lhe sume hin we generated Gj

eVCIl(S;ami lhat fmm those gcncrated events only Ajare ac-
ccplcd: The acceptance is defined by the ratio

Aj
An-) '" . (3)Gj

comhining in quadratures Ihe uncertainty 01' n: (~o:). Ihe un-
ccrtainty 01' Ihe slope 111 (~m). ami the uncertainty in the in-
lerceptionll (~b). the uncertainty in lhe polaril.ation P (~P)
is givell hy

\Vhere il is assumed Illat tllere are no correlations hClwcen
those raramelers. This unccrtainty lakes inlo aceount only
slalistical crrors.

Ideally, it is neccssary a !\lonte Cario with intinite nUIll-
her 01' cvents; in practicc to make an acceplahle corrcction .
lhe accepted sample Illusl he al !cast "" 3 limcs the real dala;
lhis is what cxperience Iclls. Abo Ihc experienee shows that
Ihis lechnique works very well at high statislies, and hegins
lo givc shall1 rcsults as statistics hecolTIes lowcr.

J. Conclusions

\'"c have rrcsenlcd a lechnique lo mcasurc Ao polarization
Ihal lllake use uf the angular dislrihution 01' lhc AO-dccay-
proton in Ihc A(1 mass rest framc. This techniquc works prop-
crly al high Slalislies.
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