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Abstract. Reconstructed! baryon decays and photon con- Because of the topological resemblancefbf and =~ de-
versions in DELPHI are used to measure fi&production  cays, the same analysis procedure is used to reconstruct the
rate from hadronic Z decays at LEP. The number af® two hyperons. The large statistics makesfe sample suit-

decays per hadronic Z decay is found to be: able to check the integrity of the reconstruction procedure.
0 Simulated events are used to optimize the analysis and
< X%+ 5" >=0.070+ 0.010 (staf) 4 0.010 (sys}) . selection procedures described in the following sections. The
) L 2~ and X2° reconstruction efficiencies are evaluated by run-
The 2~ production rate is similarly measured to be: ning the analysis program on the simulated events.

< 027+ 0" >=0.0014+ 0.0002 (stah 4 0.0004 (sysd

by a combination of methods using constrained fits to the2 Track and event selection
whole decay chain and particle identification.
The DELPHI detector is described in [6]. The subdetectors
relevant for this analysis are the Vertex Detector (VD), the
) Inner Detector (ID), the Time Projection Chamber (TPC),
1 Introduction the Outer Detector (OD) and the Ring Imaging CHerenkov

i i . detectors (RICH). The VD consists of three concentrical lay-
Measuring the production rates of baryons in general, angys of sjlicon strip detectors, located at radii 6, 8 and 11

strange baryons in particular, is important in order to Un-cy. The polar angle covered is 4% § < 137, where
derstand the underlying fragmentation process in-Zqq ¢ s given with respect to the-axi. In the 1994 run the
events. This process has a small four-momentum transfer anglst and third layer had a double-sided readout to recon-
_perturbanon theory_ is not ap_pll_cable. Consequently, theresyyct bothR¢ and > coordinates, where is the azimuthal
is no good theoretical description of the phenomenon ofyngle andR the radial distance in the plane perpendicular
hadronization, and one has to rely on phenomenologicaly the »-axis. The TPC is the main tracking device where
models. The most widely used models are implemented inharged particle tracks are reconstructed in three dimensions
the simulation programsierwiG (cluster decay) [1] and  for radii between 30 and 120 cm. The ID and OD are two
JETSET (string fragmentation) [2]. Since there are substan-qyift chambers located at radii between 12 and 28 cm and
tial differences between these two models, a measuremeenveen 198 and 206 cm respectively. These two detectors
of the hyperon production rates offers a possibility to gainyroyide additional points for the track reconstruction. The
insight into how fragmentation works. . RICH detectors are the main particle identification detectors
This report descrlbeso a meai;qrem()ent of the productioRy, pe( PHI. They are situated on the outside of the TPC,
of the strange baryons® and 2 in Z° hadronic decays jyst in front of the OD and provide kaon and proton identi-

collected with ghe DELPHI detector at LEP during 1991 fication for particles in the momentum range 0.7 GeVic to
to 1994. TheXl™ rate has not previously been measured atyg Gey/c.

LEP energies, whilg?2~ production at LEP has been mea- For the 2~ analysis, Z— ¢q events were simulated

sured by OPAL [3] and with more recent results presentedyresponding to the production ef48,0002~ hyperons
at conferences [4, 5]. The particle identification capabilitiesj,, the DELPHI detector. This corresponds<@4 million ¢

. . 0 . — : el

in DELPHI are used in both th&™ analysis and the? events. For theZ® analysis, 5.3 million Z— ¢q events were
analysis. In order to identify the decay’ — Ay, where the generated, corresponding to about 0.0%72 hyperons per
A decays via p~, the A sample is enriched by using the paqronic event, or 382,008° hyperons. These simulations
RICH (Ring Imaging CHerenkov) detector to |dent|fy_the_ used thesETSET 7.3 generator with parameters tuned from
proton. Photons are reconstructed from their conversion inyeyious QCD studies [7], followed by a detailed simulation
the detector material into'e™ pairs. Thef2~ is studied by ¢ the DELPHI detectorfeLsin) [8].

a complete regonstruction_of ‘h? decay chain o AK—_’ A charged particle is accepted in the analysis if it has a
whereA — pr~. A constrained fit to the three-dimensional

decay topology is use_d to i_dentify th@— decay and sup-  _ track length greater than 30 cm,
press the large combinatorial background. An independent_ momentum larger than 100 MeV/c, and
analysis based on the identification of the final state kaon _ rg|ative error on the momentum less than 100%.
with the RICH detector is also performed.
As a check on the reconstruction procedure for fhe, 2 In the standard DELPHI coordinate system, thexis is along the

the decay of th&a— hyperon is also identifiedE(‘ _ /17T_). elect_ron Qirection, ther axis points towards the peptre of LEP, and the
y axis points upwards. The polar angle to thexis is calledd and the

1 Whenever a charged hyperon is mentioned the charge conjugated stafZimuthal angle around the axis is called¢; the radial coordinate is
is also referred to, unless explicitly stated otherwise R= \/xz + 92
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vertex fit is performed on each such pair which is then ac-
cepted as al candidate if:

— the x? probability of the secondary vertex fit exceeds
L 0.1%,
A — the measured flight path in they-plane (the plane per-
pendicular to the beam axis) of thecandidate exceeds
twice its error, and
;;/”\ — the angle between the momentum vector of ¥eand
the vector joining the primary and secondary vertices is

Ro R less than 0.1 rad.

Fig. 1. Schematic picture of &~ decay chain. The dotted lines represent The invariant mass of thel candidate is required to
the distances of the two decay points. Typical decay radii are a few cm forbe between 1.105 and 1.125 Ge“i/(d:he nominalA mass
0~ (cT =2.46 d in the decimet for(cr = 7.89 ; ' ' X
(67 =246 o) and in the decimeter range for(cr = 7.89 cm) is 1115.684+ 0.006 MeV/@ [9]). The 4 candidates are
then paired with the remaining charged particles of the right
An event is accepted as a hadronit decay if it has sign to form(2~ candidates. A constrained fit, described in
the next paragraph, is performed if the following conditions

— at least 7 charged particles, each with momentum largeare fulfilled when combining al candidate with a charged
than 200 MeV/c, particle:

— a total reconstructed charged energy larger than 15 GeV,
calculated assuming all particles to have the pion mass, — the charged particle is not an electron or muon,

— a total energy in charged particles of at least 3 GeV in — the projections onto they-plane of theA and charged
each hemisphere (defined with respect to the beam axis) particle trajectories intersect,
of the detector. — the intersection between thé and charged particle tra-
jectories is more than 8 mm away from the main vertex
in the zy-plane,

— the A and charged patrticle trajectories are not more than
2 cm apart in ther direction at the point of crossing in
the xy-plane.

From the 1991 run 0.26 million events classified as
hadronic 2 decays are selected, from the 1992 run 0.70
million events, from the 1993 run 0.71 million events, and
from the 1994 run 1.39 million events.

3 The §2= hyperon 3.1.2 The fit procedureThe specific topology of weak cas-

The (2~ hvoeron is identified through its weak de - cade decays mgkes p_ossible a constrained fit suitable to sup-
AK- (bra>r/1F<):hing ratio~ 68%). Theot is identified (fgough press the combinatorial background. The method used is a
its decay/ — pr— (branching ratio~ 64%). The search general least squares fit with seven constraint equations. The

for an {2~ decay is performed in two stages. Firstcandi- constraints are that:
dates are found using the standard DELRHI(aV®isthe  _ the pion and proton from thd decay must intersect at
topology for a decay of a neutral particle into two charged  the A decay point,

particles) search algorithm as will be described below. The _ the invariant mass of the candidate has to be equal to
A candidates are combined with charged particles of the the nominald mass,

right sign to give a candidate for the decay of @1. The  _ the K~ and A from the 2~ decay must intersect at the
huge combinatorial background is reduced by two indepen- - decay point,
dent methods. The first analysis uses a constrained fit to the_ ymomentum has to be conserved in e decay.

2~ hypothesis, whereas the second one utilizes the RICH
information to identify the kaon. There are 18 variables in the fit, 2 of them unmeasured.

The lifetime of thef2— is short enough for it to decay The two unmeasured quantities are the decay radii of the
before it is detected, in general. Therefore it has to be ref2~ andA. The measured quantities, for which the fit gives
constructed using its decay products. A diagram ofsthe  improved values, are the 5 parameters of the helix param-
decay chain is shown in Fig. 1. All decay radii are given eterization of each track and thecoordinate of the main
with respect to the main vertex, which is calculated on anvertex. These track parameters arel?, WWhere R is the ra-
event by event basis. dius of curvature of the track, impact parameters:iand

R¢, the polar anglé, and the azimuthal anglé. The last
four parameters are evaluated with respect to some arbitrary

3.1 Constrained fit method reference point. Since there are 3 tracks making up—a
candidate, there are 16 measured variables in the fit.
3.1.1 Pre-selectionln the constrained fit analysis 0.67 mil- All tracks are corrected for ionization losses, according

lion hadronic events were used from the 1992 run, 0.68 mil-to the given mass hypothesis.

lion from the 1993 run, and 1.24 million from the 1994 run. The performance of the fit was tuned by adjusting the
The standard DELPHV? algorithm forms all possible pairs covariance matrices of the tracks. The adjustment consisted
of tracks from oppositely charged particles in the event. Ain a scaling of the errors of the track parameters. After the
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Fig. 2. Axr— (and/l_w") invariant mass spectrum, represented by the points
with error bars. The curve is the result of the fit to a sum of two Gaussian

Fig. 3. The x2 probability distributions of the constrained fit f¢a) =~
and(b) 2~ candidates in data and simulation. All cuts except thag®n
probability have been made. The points with error bars are data, and the

distributions with common mean fnd alinear backgrqund. The.hat'ched hiShistograms are from the simulation. Combinatorial background has been
togram shows the combinationkr™ and A7~ (wrong sign combinations) ¢ i ey using the wrong sign combinations

adjustment the pull distributions were standard normal dis- — The A and kaon trajectories, at the point in space corre-
tributions within 10%. The adjustment was made separately sponding to the intersection in the-plane, are required
for each year, because the detector setup and the reconstruc- not to be further than 7 mm apart in thedirection.

tion software changed with time. Since thee data sample The candidate kaon track is required to have an impact
is rather small {£100 decays) the large-@,000 decaysk ~ parameter with respect to the main vertex intiyeplane
sample was used to estimate the scaling factors. of at least 0.2 mm.

The An~ invariant mass spectrum is shown in Fig. 2
and exhibits a larg&~ signal. The=~ candidates were re-
constructed simultaneously with tli¢~ candidates by mak-
ing the assumption that the charged particle combined with
the A was ar~ instead of a K. The efficiency, including
branching ratios, to reconstruct a compléie decay chain
is determined by applying the same analysis to the simu-
lated events as to the real data, and is found to be (£.84
0.14)% . From a clean sample of 396381 reconstructed

=~ decays the average numbersf and=" produced per
hadronic 2 decay is found to be

After the fit, the following cuts are applied:

— The momentum of th&2~ candidate must point into the
barrel region |(cosf |< 0.85).

— The £~ candidate is not allowed to have an invariant
mass withinrt=10 MeV/c of the nominal=~ mass, when
the kaon track is treated as a pion.

— The x? probability of the fit must be larger than 1%.

— The flight distance of th€?~ candidate must be between

1 and 20 cm in thery-plane.

The radius of thel decay must exceed the radius of the

2~ decay by more than 1 cm.

5-+5" > =0.0262+ 0.0004,

with only statistical error. This agrees well with our
previously published result ofr'~ production, based on

a different analysis of 1991 and 1992 data [10], which is —

0.02504+ 0.0009+ 0.0021.

Figure 3 shows the agreement between the constrained

fit x? probability distributions for data and simulated events, —

after the adjustment of the covariance matrices. The same

cuts were made on both data and simulation.

3.1.3 Selection of2— candidates.In order to obtain a clean

(2~ signal, a rather large number of cuts must be imposed —

on the(?~ candidates. The most important cut is that on the

x? probability of the constrained fit. Before performing the —

fit, the following cuts on thelK~ pairs are made:

The radius of the first measured point of the kaon track
must not exceed the radius of the¢~ decay by more
than 40 cm.

The radii of the first measured points of the pion and
proton tracks from thel decay are not allowed to exceed
the radius of thed decay by more than 40 cm.

The radius of thel decay point is not allowed to exceed
the minimum radius of the first measured points of the
pion and proton tracks by more than 3 cm.

The cosine of the angle between thend2— momenta,

as measured in th@~ rest frame must be in the interval
[-0.9,0.9] (angular cut).

The momentum of the kaon track must exceed 0.4
GeVlc.

The momentum of thé?~ candidate should be between
1 and 15 GeVi/c.
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3.1.40)~ efficiency. In order to calculate the efficiency, the Table 1. Contributions to the systematic error of tifi#g~ production rate
simulated(2— events are run through the same analysis chaif"®asured in the constrained fit analysis

as the real data. The efficiency is integrated over the whole Contribution from: error
momentum spectrum, meaning that the momentum distribu- Background shape <£1%
tion of 2~ is assumed to be correctly describediyseT. Bin width + 5%
To justify this, it is noted that the agreement f&r be- E_ Impact parameter cut < = 1%
. . radial flight cut + 13%
tweenJETSET and data is generally good, even if the angular cut 1 120
momentum spectrum is somewhat softenETSET than in JETSET extrapolation | + 8%
data. The overall efficiency, including branching ratios, to Jerser extrapolation II + 8%
reconstruct a complet®~ decay chain is determined to be  x* probability cut + 13%
eo- = (2.56+ 0.07)%, where the error comes from the finite g:zzgmg :gt;gg;ﬂm{w 2 i 132
number of simulated2™ decays. Monte Carlo statistics + 3%
Total + 25%

3.1.5 Systematic errorsTable 1 lists the various contribu- _
tions to the systematic uncertainty. 2.0k (a)
The influence of the background parameterization of the v
AK™ invariant mass spectrum is studied. TRe signal is g
represented by a Gaussian distribution, and the backgroundy soo
is parameterized by first and second order polynomials. The = 00
variation in the size of the signal is taken as the systematic“

400 E Simulation

error due to the shape of the background. 100 £

The effect of different bin widths used for ti&K~ in- ok ! : S——
variant mass distribution on the size of the signal was exam- T
ined. Bin widths of 2, 3, and 4 MeVfawere tried, and the - Gev/c”

variation in the signal is taken as an estimate of the eﬁ‘ectg
of binning. 0
In simulation~17% of thef2~ are produced outside our E
momentum acceptance. The true momentum spectrum be-, 220
ing largely unknown, we have assigned a systematic errors 150
of ~8% due to unseen momentum regioNSISET extrap- D100 E
olation 1), and a similar uncertainty due to the shape of the ., &
momentum spectrumvgTSET extrapolation I1). N
Furthermore, the cuts are varied in a moderate way. In~ "?°
particular, the cut on thg? probability of the constrained fit GeV/c?
g?sdg:s ;EgjifrtnSra?igfqallaeg?elgvv?/::geal_gosr]k]sbv-\i—r:]eindllisiglbBUtlonSFig.' 4. Studies on the reﬂex_ions [o: 3 anij 227 in siTEIated events. A
. ; o T ratio of 1:20 of the production rates 2~ > / < =~ > have been
Finally, there is a small contribution from the uncertainty assumed(a) = reflexion under the2~ mass peak. The solid line is the
in the reconstruction efficiency due to limited Monte Carlo o signal. The hatched histogram is the reflexions fram — Ax—
statistics. For the 1992 and 1993 detector configurations, decays, where the pion is treated asa.Kb) 22~ reflexion under thes—
total of 5,000 2 events each containing at least offe ~ mass pﬁak- The2™ |rEﬂZXit$ln T]af Eegnhmtagniﬁeq at;aCtOffl 20. T?e Sot':]d
H : line is the =~ signal an € hatche IStogram IS the reriexion from the
were generated and _passed through the detector smulandchaym - AK%. T e Showsgthe ot ot e ional 1o
E_md ev_ent reconStrlﬁICtlon program. For the 1994 detector COf‘b-y requiring the invariant mass in thér— hypothesis to lie outside the
figuration, an additional 10,000°Zjiving at least one2~ interval M~ + 10 MeV/c
were generated and passed through the detector simulation
and event reconstruction. These events were then analyzed
in the same way as data. The simulation sample correspondhe =~ hypothesis, as described earlier. This cut removes
to about 48,00Q2~ decays in total, when branching ratios only (4.6 &= 0.4)% of the 2~ sample, as can be seen in
are taken into account. Fig. 4.
There are two features in the decays=f and (2~ that
make these two hyperons very similar. They have a simi-
lar lifetime, and the Q-value of the decays are almost the3.1.6 Production off2~. The AK~ invariant mass spec-
same. Since the topologies of the two decay chains resentrum for the full data set is shown in Fig. 5. A fit is
ble each other, it seems plausible thaEa might easily be  performed in which the signal is represented by a single
mistaken for an2—. This depends on several features of the Gaussian with fitted mean value 1.67290.0007 GeV/é.
reconstruction of the decays, the most important being thé@he width of the signal is 2.6- 0.4 MeV/&, fully com-
resolution of the reconstructed mass. It is seen in Fig. 4 thapatible with the result obtained from simulation, 243
=~ decays give a flat reflexion under tig~— mass peak, 0.1 MeV/@. The nominalf2~ mass value is 1.67245
and cannot fake a2~ signal. Nevertheless, reconstructed 0.00029 GeV/¢ [9]. The possibility of systematic effects
=~ decays are explicitly removed by discarding those com-on the fitted(2— mass obtained above has not been studied.
binations which give a mass of 1.3210.010 GeV/é under  The background is parameterized by a function of the form

(b)

Simulation

Te) £
— 250

X 20
N

g
0 g s SARIRK R,
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Fig. 5. AK—_invariant mass spectrum. The points with error bars are theFig. 6. Invariant AK— mass spectrum with the Kidentified with the RICH

AK~ and AK* combinations. The hatched histogram shows the wrong detector. The line shows the result of the fit described in the text

sign combinations AK* and AK~). The line shows the result of the fit

described in the text

— The A vertex must be more than 3 cm from the interac-
tion point, measured in they-plane.

— The charged particle and thé should intersect in the
xy-plane.

— The distance in the direction between thel and kaon
trajectories, evaluated at the crossing point in ihe
plane, had to be less than 7.5 mm.

— The crossing point should be between 1 and 20 cm from
the main vertex, measured in thg-plane.

f(m) = (1 — e~ 4m=Meage))(pg + pym), where M.qg. is the
sum of theA and K~ masses. The parametersp, and p;
are allowed to vary freely in the fit. The fit yielded 9%
16 2~ with a signal to background ratio of about 1:1. The
total inclusivef2— production rate is found to be

<0~ +0" > =00015+ 0.0003 (sta) +0.0004 (sysd .

A particle/antiparticle composition of 5+ 10 2~ and 46 ~ — The momentum of thel should exceed 1 GeVic.
+ 9 0" is found. which is compatible with symmetric pro- ~ The invariant mass of thel candidate must be within
duction. ’ 7.5 MeV/2& of the nominalAd mass.

— The momentum of the charged particle should exceed
700 MeV/c, below which the RICH detectors are not
sensitive.

— The transverse momentum in the candid&elecay is
required to be below 350 MeVi/c.

As a complement to the analysis described above, a search. Tg reduce the background further, the track of the

for the 2~ is performed utilizing the Ring Imaging decay having the larger momentuire(the proton track)

CHerenkov (RICH) detectors to identify the charged kaon s required not to be identified as a pion by the RICH.
coming from the2~ decay.

3.2 2~ with identified K

In addition, the three track quality cuts on the position
of the first measured point of the charged tracks, mentioned
3.2.1 Selection of?~ candidates. For this analysis only the in Sect. 3.1.3, are also applied.
1994 data is used, since in 1994 the RICH detectors were
fully operational for the first time. The RICH tags used were
based on likelihood probabilities for the given mass hypothe-3.2.2 Production of2—. After all the preceeding cuts the
ses [11]. charged particle was then required to be identified as a kaon
The event selection is slightly relaxed compared to theby the RICH. The resultamtK invariant mass distribution is
previous analysis, giving a sample of 1.3 million events.shown in Fig. 6. Fitting the signal, as described in Sect. 3.1.6,
The analysis followed the outline of the previous analysis,yields 22+ 7 2, leaving all parameters free in the fit. The
combining charged kaon candidate tracks witbandidates, width of the signal is 2.8 0.5 MeV/¢, fully compatible
except that no fit is made. Thé candidates are found using with the result obtained from simulation, 3410.1 MeV/c.
the procedure described in Sect. 3.1.1, and are then coni¥he efficiency, calculated from analyzing simulated events,
bined with any remaining charged particles, according tois found to be (1.45t 0.07)%, giving a production yield of
the following criteria: 0.001184 0.00036, statistical error only.
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Table 2. Contributions to the systematic error of tlig— production rate

X ; ~ 600 [
measured in the RICH analysis g g (0) DELPH'
Contribution from: 0500
Background shape <+ 1% o© r
Bin width + 4% 00
02~ radial flight cut + 13% 2 r
A mass cut + 15% €300 &
RICH tagging + 10% bt B
RICH efficiency + 6% 200 L
JETSET extrapolation | + 9% L
JETSET extrapolation II + 9% 100 £
Branching ratiof2= — AK~ <+ 1% r
Branching ratioA — pr— <+ 1% o 3
_'\If'(;nlte Carlo statistics iiz:é?f 1,00 1.1 111 112 113 1.14
otal (J

M (pr) [ GeV/c? ]

>, 600
The systematic uncertainty due to tHemass cut is es- s
timated, by varying the cut, to be 15% . The systematic un- < 500
certainty in the RICH tagging efficiency has been estimated ~
by using “tight” or “loose” RICH cuts instead of the “stan- & **°
dard” ones, and this gives a systematic effect of up to 10%. £
A 6% error has been added to account for the uncertainty
in the overall RICH efficiency. The other systematic errors 500
have been estimated as in Sect. 3.1.5. A summary of the
contributions to the systematic errors in the RICH analysis 100
can be found in Table 2. . ‘ ‘
Thus, the totak?— production rate found in this analysis 0.05 o 015 02

is: M(yy) [ GeV/c? 1
< 0~ +0" > =0.00124 0.0004 (stah =+ 0.0003 (sys) .

ne

300

en

TT IR T T T T[T T T[T T T T[T [TTTT]

Fig. 7. @) The invariant pr mass in thel region from simulation (histogram)
compared to data (points)) The invariantyy mass showing the® peak

3.3 Combination of thé?2— measurements from simulation (histogram) compared to data (points)

The results of the constrained fit analysis and the RICH anal-
ysis are weighted in order to achieve e production rate.
This weighting recognizes that there are 10 candidate
decays in common for the two analyses. When evaluating ~
the systematic error of the combined analysis three contribu-
tions are added in quadrature: the specific systematics from
the two analyses, and the systematics from the cuts shared
by the two analyses. These three contributions were equally
important. The combined result for thig~ production ingq
events at,/s = 91 GeV/¢ is thus found to be

— the x? probability of the secondary vertex fit exceeds

1%,

the measured flight in they-plane of theA candidate

exceeds four times its error,

the angle between the momentum vector of Ufeand

the vector joining the primary and secondary vertices is

less than 0.1 rad,

— using TPC and/or RICH information, the charged par-
ticle with the highest measured momentum (the proton
candidate) is not consistent with the pion hypothesis.

— + —_
<27+ >=0001440.0002 (stah +0.0004 (sys) . The resultingA mass distribution is shown in Fig. 7a,

together with the corresponding distribution from simulation.
4 The X° hyperon The'invariant mass of the} candidate is required to be
within 6 MeV/c of the nominalA mass.

The £° hyperon is identified through the electromagnetic de-
cayX? — Ay (branching ratio~ 100%). Thed is identified .
through its decayl —pr— (branching ratio~ 64%), while 4.2 Converted photon reconstruction

the~ is found only if it converts in the detectoy,— e*e™. The energy spectrum for the photons fraB — Ay de-

cays peaks at about 150 MeV in the lab frame, which is not
4.1 A selection a favorable region for reconstruction in the electromagnetic

calorimeter. Therefore, the photon selection in this analysis
A candidates are identified using the standard DELPRI s restricted to those photons which have converted & e
search algorithm as described in Sect. 3.1. In addition, parpairs in material before the TPC. The standard DELPHI con-
ticle identification is imposed on the proton candidate in theverted photon reconstruction is used, and is detailed in this
A decay in order to improve the purity of thesample. The  section.
criteria for accepting a pair of oppositely charged particles  Reconstructed converted photon candidates are found by
as those coming from 4 —pn decay are that an algorithm that constrains the line-of-flight of the unseen
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photons. Requiring that a photon candidate originates at they ,,s
interaction region, a search is performed on pairs of tracks>

in the event to find the photon conversion point. Not all £ 2%
tracks are considered, however. Each track individually must» 175
contain a point, P, where the tangent to the helix (only the ? 150
R¢ components of the track are considered) points to the .2

beam spot. The photon conversion radius, or decay point,*g 125
is defined to be the distance from the interaction point to 100
the point P. Two oppositely charged particles are said to
be consistent with a photon conversion if their decay point

parameters satisfy the following criteria:

(a)

DELPHI

50

25

(o e, e
TR RN AR RS AR AN

simulotion

— the reconstructed mean conversion radius (in tke
plane) is below 34 cm,

— at least one of the tracks has no associated point in front
of the reconstructed mean conversion radius,

— the difference in¢ between the two conversion points
does not exceed 30 mrad,

— the difference between the polar anglésof the two
tracks is smaller than 15 mrad.

228
200
175

150

Pt
100

For thee*e™ pairs fulfilling these criteria, &2 is calcu-
lated in order to find the best combinations in cases where
there are ambiguous associations. A constrained fit is then
applied to the electron-positron pair candidate which forces
a common conversion point with zero opening angle and
collinearity between the momentum sum and the line from o
the beam spot to the conversion point. Finally, the energy
of the conversion electrons is corrected for radiation Ioss'esig 8. /v - A mass difference distributiors) The data are shown by
by a small factor tha.t dEpe.ndS on the amount of materlal:oints with error bars; the line corresponds to the fit with background shape
between the conversion point and the entrance to the Tpcﬁ-om simulation. The insert shows the background-subtracted histogram.
From simulation, the reconstruction precision of these con+t) The simulation is shown by points with error bars; the solid line corre-
verted photons has been determined to be 1% in energyponds to the fit. The dashed line shows the fit to background only. The
1.5 mrad in polar and azimuthal anglésnd ¢, and 5 mm points with the small dots show the background-subtracted distributions
in conversion radius [12].

At very low energies the acceptance drops for asymmet-
ric conversions since the TPC can only reconstruct electrons
with a transverse momentum with respect to the beam above
50 MeV/c. The acceptance threshold for converted photons
where both thec* and thee™ tracks are reconstructed is
effectively about 200 MeV.

This conversion reconstruction has also been used for an
anaIySiS of the inCIUSiV&O cross section [13] Photon energy The overall efﬁciency, after cuts are app”ed, is calcu-
and~y~y invariant mass spectra using conversion pairs haveated using simulation, and then an extrapolation is made to
been checked to be in general agreement with the simulatiofhclude the entire energy spectrum. There exists some error
prediction. Figure 7b) shows the mass spectra in data and iy extrapolating the measured production rate of ¥febe-
the simulated event Sample. General agreement is eXhibit%nd the selected energy range based upon the model used
both in ther® peak and the background normalization. to make that extrapolation. The model-dependence ofthe
energy distribution has been analyzed by comparing the pre-
dictions of JETSET 7.4 [14] andHERWIG 5.8 [1] (with JET-

SeT decay modelling), both with default parameters. Com-
paring these models, a difference is found in the predicted

75
50

25

0.05

| ! ! ol L Lol .
AU T N R AT
0.1

0.15 0.2 0.25 0.3
M(A°+7) — M(A°) [ GeV/c? ]

the cosine of the photon helicity angle (the angle between
the photon direction in thec® rest frame and the flight
direction of theX in the laboratory frame) is larger than

0,

— the angle of the measured momentum with respect to the
beam is between 40and 140.

4.3 0 selection

Those events, for which both&and ay are reconstructed,
have the possibility of containing &°. The X° is recon-
structed by adding the four-momenta of theand the~.
This is done for every possibléy combination, yielding a

fraction of ¥%s produced within the selected® energy
range of 3 to 15 GeV. TheeTseT model predicts a softer
energy distribution but coincides withErwIG at around
7.5 GeV. Therefore, what differences exist between the two

possibleX° candidate. Three cuts are then imposed on thgnodels tend to cancel both in the measured region, and in

X0, with the effect of increasing the ratio of signal to back-

ground. The criteria for selecting® candidates are that:

— the X° energy is between 3 and 15 GeV,

the extrapolationsETseT with DELPHI tuning predicts that
53% of theX%"s are produced in the measured range, while
HERWIG predicts 52%. The error in extrapolating the mea-
surement to an inclusive production rate for thé is es-
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Table 3. Previously published and present measuremenSbéand 2~ production ine*e~ annihilations. Statis-
tical and systematic errors have been added in quadrature

Experiment ARGUS MARK I OPAL DELPHI
s [GeVI&] ~ 10 ~ 30 ~ 91 ~ 91
<304+5°> 0.023+ 0.008 - - Q070+ 0.014
<0+ > 0.00072+ 0.00038 0014+ 0.007 Q00504+ 0.0015 00014+ 0.0005
ref [15] [16] [3] this paper
timated to be 5%. TheZ® detection efficiency within the The dependence of this measurement on the background

measured energy range is calculated from simulation to behape and peak parameters is estimated. Varying the peak
<éey0 > = 0.001574+ 0.00011 (sta) + 0.00011 (sys) . position and width within its measured errors causg4 8%
The systematic error on this value is calculated fromchange in the signal and a variation €8% is observed
quadratic addition of the uncertainties in photon efficiencywhen the background is changed between the constrained
and the/ efficiency (7% each). and unconstrained fits described above. These contributions
are included in the systematic error.
Finally, the production rate of° in the measured energy
4.4 Measurement of thE° production rate range is calculated. Using the efficiency calculated from sim-
ulation, the production oE£° per hadronic event is measured
Figure 8a shows the distribution of the difference betweerfo be
the X0 candidate mass and the reconstructestass indata. - 50 4+ »° <= 0037+ 0.005 (staf) + 0.004 (sysi) .
Figure 8b shows the distribution from simulation, normal- _ _ _
ized to the same number of hadronic events as the data. In Extrapolation to the entire2® energy range yields the
both figures, there is a clear signal dueX8 — Ay decay. Mmeasured inclusive production rate
A comparison of the two figures shows that the background 0 _
shape is well-described by simulation. A nine parameter fit< X0+ X7 >= 0070+ 0010 (sta) +0.010 (sys) .
has been performed to the observed distributions, three pa-
rameters for the signal and six for the background. The signab symmary
is given by a Gaussian and the background is parameterized
by f(m) = (amp + bmy? + emp3)eldmotems®fm) where  The production rates of the strange barygh and the triply
my =m — mg andmg is fixed to 0.015 GeVk strange baryor2~ in the hadronic decay modes of thé Z
As a check on the resolution df° reconstruction and have been measured. The inclusive production rates are de-

quality of the fit, the mean mass difference between thel€rmined to be

X% and theA given by the fit procedure may be compared

to the well-measured mass difference of ¥®leV/c [9]. B +

Both simulation and data are shown to be in good agreement< {2~ + 2 >=0.0014+ 0.0002 (staj + 0.0004 (sys)

with this value. The fit to the simulation sample gives a 0 U

peak position at 72 + 0.7 MeV/c?, with a width of 41 + <27+ 27 >=0070+0010 (stah +0.010 (sys) .

0.7 MeV/c?, and a measured yield of 18325 X0, statistical As a comparison, published measurements¥8f and

error only. £2~ production at LEP and at lower energies are summa-
The fit to data is accomplished in two steps. First, therized in Table 3. In addition, ALEPH and OPAL have pre-

background shape from simulation is used, allowing onlysented results on th@~ production at the Glasgow (OPAL

the background normalization to vary along with the three[4]; < (2 >=0.0028:£0.0009) and Brussels (ALEPH [5];

peak parameters. This method results in a peak positior< {2 >=0.0010t0.0003) conferences.

at 780 + 1.0 MeV/& with a width of 54 + 1.1 MeV/&, The prediction of thggeTsET 7.3 event generator (with

and shows a yield of 17& 26 X° (Fig. 8a). This number parameters tuned to reproduce DELPHI data [7]) of the

will be used in the calculation of the production rate be-production rate at LEP energies is 0.0009 per hadronic

low. The ratio of background normalizations gives a valueevent. This rate is in fair agreement with the present mea-

of 1.01+0.01. Next, all parameters are allowed to vary. The surement. TheierRwiG 5.8 model (with parameters tuned

signal region is left out of the fit initially to find the back- as in [7]) gives 0.00742~ per hadronic event which is in

ground shape independently. The resulting shape in data iglear disagreement with our measurement.

very close to that from simulation background, and gives an  The measuredZ® production rate is in good agreement

estimate of the fit dependence on the fitted background shapeith the JETsET 7.4 model prediction of 0.073. It is also

and normalization. In this manner, the data signal peak posicompatible with 1/2 of the measured* rate (017 + 0.06)

tion is found again to be 78+ 1.0 MeV/c® with a width of ~ [10], as expected from isospin invariance. TierwIG 5.8

5.34+1.1 MeV/c?, and yields 173:25 X0 . The ratio of back- model predicts a lower production rate of 0.054 for He

ground normalizations in this method shows a difference of

3% in the S|g|_1a| re_g'P”- Th? small difference between_theAcknowIedgementsWe are greatly indebted to our technical collaborators

highly-constrained fit in the first step, and the unconstrainetnd to the funding agencies for their support in building and operating the

fit in the second step, gives us confidence in the ability ofDELPHI detector, and to the members of the CERN-SL Division for the

the simulation to describe the data accurately. excellent performance of the LEP collider.
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