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Abstract

Using the ARGUS detector at the storage ring DORIS II we have measured 7 decays into
three charged mesons containing A™ mesons. Exploiting the good particle identification
capabilities of the detector we have determined the following branching ratios: Br(r— —
RE977v.) = (0.25 £ 0.10 + 0.05) %. Br(r— — KK~v.) = (0.20 £ 0.05 + 0.01) %. and
Br(r™ — K™~ (X%) ) = (1.194£0.15 4013 9.

1 Introduction

Decays of the 7 lepton into hadrons offer a unique possibility to study the electro-weak hadronic
charged current at the energy scale of the 7 mass. The hadronic final state in = decays is
usually described by spectral functions for specific spin-parity and flavor quantum numbers of
the hadronic current. The standard model predicts selection rules for these quantum numbers
most of which have been confirmed with high precision. Best studied are the plonic final states.
In general less well known are final states containing kaons which have a much smaller branching
ratio than pionic channels.

In this paper we study final states in 7 decays with three charged particles containing a A,
Both Cabbibo allowed decays with two associated kaons and Cabbibo suppressed decays with
single kaons are considered.

The data for these studies were collected with the ARGUS detector at the storage ring DORIS 11
of DESY. The center-of-mass energies ranged from 9.4 Gel’ to 10.6 GeV'. The event sample
corresponds to an integrated luminosity of 387 pb~! which vields the number of 7 pair events
N2 = 373000 £ 8000.

The ARGUS detector is a {7 magnetic spectrometer described in detail elsewhere [1]. The
momenta of charged particles and their mean specific energy loss were measured with the
central drift chamber, the latter was used for particle identification. The reconstruction of
decay vertices of A’ mesons was improved by a vertex drift chamber.

2 Event Selection and Particle Identification for the
Decays 77 — K*%7r v, and 7~ —» K*K v,

The A" mesons are reconstructed in their decay mode A™® — Kz~ *. We therefore per-
formed a preselection by searching for events of the one-versus-three topology:
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where £* stands for the hadrons =% and A'*.

Exactly four charged tracks with zero charge sum were required. Each track had to point
to the main vertex and had to have a transverse momentum of pr > 0.06 GeV/c. Photons
were identified as energy deposits in the calorimeter with energies larger then 0.08 Gel” not
associated to a charged track. The characteristic one-versus-three topology was selected by

"References to a specific charged state are meant to imply the charge conjugate state as well.



requiring:

4
cos(pr.pi) <0 (i=2.3.4) and cos(pr,»_pi) < —0.5,
=2
where p; denotes the momentum of the charged particle on the one-prong side and p; (¢ = 2.3.4)
the particle momenta on the three-prong side. Photons were only accepted in the one-prong
hemisphere with cos(pi.p.,) > 0 (v = 1.2). Their number was restricted to n, < 2 to suppress
background from ete™ — ¢q events. To ensure a high trigger efficiency we required the one-
prong to point into the barrel region of the detector: |cos ;| < 0.75 . Good particle identification
was ensured by demanding the three-prong tracks to fulfill the condition |cos ;| < 0.92 (i =
2.3.4). With this cut at least eight drift layers could be used for measurements of the specific
lonisation.
In order to suppress background from QED processes, two-photon reactions., and hadronic
events the following cut was applied:
9

> K- (Z |p: - % - 0.60> +0.20] Gel/c

where the parameter x was chosen as x = 10 for events with 3" |pi] - ﬁ < 0.60 and x = 6 for

n
> o
7

the rest. p; and pr, denote the momentum and transverse momentum vectors of all charged
and neutral particles in the event. To further suppress radiative QED events the invariant
mass of oppositely charged particles on the three-prong side, assuming them to be electrons.
had to exceed 0.10 Gel’/c*. By this converted photons were suppressed. Events containing
secondary vertices consistent with a signature of converted photons were rejected. too. After
this preselection 11 741 events remained.

Background from two-photon reactions was found to be negligible from Monte Carlo stud-
ies.  Details can be found in [2]. The same holds for background from radiative QED
events which was studied using the data. The amount of background events of the reactions
ete™ — T(48) — bb and e*e™ — Y(15/25) — ggg(ggy) was found to be negligible. This
decays typically result in a larger number of charged tracks than demanded in this analysis [3].
Another background contribution arises from the continuum process ete™ — ¢g. We used the
Monte Carlo program JETSET 6.2/6.3 [4] to simulate 711553 events including initial state
radiation effects. After the preselection 309 events remained. To scale these to the number of
expected et e~ — ¢g events in our data we compared the mass spectra m,-.+.- of our data and
the simulation in the region above m . [2]. This procedure vields a scaling factor of 1.2 £+ 0.2.
altogether resulting in a background contribution to the data of 3.2 %.

Final states containing kaons are distinguished from those with three pions by particle identifica-
tion through the measured specific ionisation (dE/dr). It turned out that the standard particle
identification method of the ARGUS Collaboration [1] does not reach the requirements needed
to suppress the huge amount of background from a] decays to three charged pions. Therefore
a different method was developed which neither depends on the measured error o4g/4, nor on
the theoretically expected energy loss which are needed in the standard method to calculate
the \? values for different particle hypotheses. It is based on measured momentum and angle
dependent dFE/dr distribution functions for kaons and pions which are used in both. data and
Monte (‘arlo. therefore allowing stringent particle identification with simple determination of
its efficiency. This method is described in detail in ref. [5].

To separate the few expected events on the three-prong side containing kaons from those con-
taining only pions we calculate the probabilities:

*)



Wirrr) = w(zy) w(x])- wimy ) .

W{h7r) = w(h7) w(x) wixy)+ w(ry ) w(xf) - w(kh]). and

WINKT)=w(Ny ) wh) - wm]) +w(ry)- w(hF) w(h])

assuming that the three-prong consists of either three charged pions, one kaon and two plons
or two kaons and one pion. respectively. Other combinations. as for example (75 )(KT) (7))
are excluded by their quark content. Each of these event types was selected by requiring a
minimal value in the ratios of the identification probabilities. We tested this procedure with
decays of the kind Dt — D%+ — K-n*x* where similar identification probabilities can be
defined. and compared our data with simulated events. From this independent check we de-
duced a systematic error of approximately 15 % on the number of the decays 77 — K ntn v,

and 77 — K~ K*r 7y, which were selected with this particle identification procedure.

2.1 The Decay v~ — K*0n— v,
The following identification cuts were applied to the preselected 11741 events:
W{kzz)>10 - W(rrr) and W(Ahrr)> W(KKx).

Whereas the first cut reduces the large background of 7= — ajv;, = pPPr7v, — mTrtr .
events, the second one guarantees that no event contributes to both the K=x*7r~ and A~ R *+7-
sample. After these cuts 199 events remained. In a next step the two possible arrangements of
the particles Ny 7#f 7y or 73 7 Ay are distinguished, and only the most probable combination.
which was shown to be the correct one in 90 % of all cases by Monte Carlo means, 1s used for
further analyses. For simplicity it will always be referred to as K ~r+7~. 185 events fulfill the
condition my-.+.- < m,. Fig. | shows their invariant A ~x+ mass distribution. The number
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Figure 1: Invariant mass distribution of my-_+ of data. hatched the expected background
contribution of ete™ — ¢7 events. The result of a fit to the data is shown as a full line. the
background contribution is represented by the dotted line.

of A~ mesons was determined by fitting a relativistic P-wave Breit-Wigner function [6] to the

3



data. Mass and width of the A*0 meson were fixed to their table values [7]. The Breit-Wigner
function was convoluted with a (Gaussian function to take into account the detector mass reso-
lution which was determined to be o,., = 6.2 MeV/c*. To deduce the number of K*9 mesons
these convoluted functions where integrated in the interval 3 I';=z around the nominal K0
mass.

The background contribution was parameterized in the following way: Since the main back-
ground arises from the decay 7= — ajv, — p’% v, — 7 777 v, where the p° resonance
reflects into the I*0 signal. the shape of this background was determined by Monte Carlo.
Only the strength of this contribution and in addition a second order polynomial describing
background from the decay 7= — 7 7 T7x " 7%#x%) 7, and 7= — K~ Rt 7 v, were fitted to the
data. The result of the fit is shown in fig. 1 as a full line. the background contribution is shown
dotted. The number of A*® mesons was determined to be Nize = 274 t1ii 4+ 1.0 where the
small systematic error covers the uncertainties in the determination of the shape of the mass

spectrum of the decays 7= — ajv, — p’7r v, — 77 7 v,

In fig. 1 the expected contribution of ete™ — ¢g events is shown as a hatched histogram. The
contribution to the A0 signal was determined to be less than 2 events (90 % Cl) in the sig-
nal region. This number contributes to the negative systematic error of the branching ratio.
7~ — K*®K -y, decavs can only contribute to the signal via self reflection of the A*° mesons

and are suppressed by the particle identification requirements to a negligible quantity.

The acceptance for the decay 7= — K *Oz~ v, was determined by a Monte Carlo simulation
of the detector [8] using the MOPEK event generator [9]. We assumed this decay to proceed
via the two resonances A (1270) and A7 (1400) [10] which decay among others via A*07~ to
KN~#"x~ [7]. The total efficiency € is factorized:

€ = Cselection * €trigger * €~

where €, ccti0n comprises the efficiency for the event reconstruction, the selection criteria and
the particle identification. It was determined to be €,ccti0n = 0.028 £0.003+0.005. The trigger
simulation results in a trigger efficiency of €i50e, = 0.961 £+ 0.008 (statistical error only). The
efficiency e, = 0.964 + 0.005 (systematical error) describes the influence from the requirement
that no photons are allowed on the three-prong side due to electronic noise or misidentified
clusters in the electro magnetic calorimeter. The limitation of the number of photons on the
one-prong side requires only a negligible small correction. The probability to find faked photons
in an event was determined with a new method described in ref. [11]. Within the statistical
accuracy of the Monte ('arlo simulation no dependence of the acceptance on mp -+ or mpy -+ -
was found. The branching ratio was calculated following the formula

N 2

Britm — K97 7v,) = K2 . 1
( ) 2-N,. ¢ Bry (1)
Here the factor % comprises the fact that only 2/3 of all A=0 decays lead to the final state K =7 7.
With a topological one-prong branching ratio of Br; = (85.49 0.24) % [7] the branching ratio
of the decav 7= — K97~ v, becomes

Brirm — K97 1) =(0.25+0.10 £0.05) %

where the first error is due to the statistical uncertainty on the number of events. The second
error is due to the above mentioned systematic uncertainties in the Monte Carlo simulation

including the trigger Monte (‘arlo. the luminosity measurement, the error on the particle iden-

+

tification. the branching ratio Bry. on ¢,. and background from e*te™ — ¢¢ events.



2.2 The Decay 7~ — K*'K~v,

The analysis of the decav 77 — A=VA~v. follows closely the preceding one. The identification
cuts on the preselected 11741 events were changed to

W(KNK7)>10-W(rrr) and W(KK7)> W(hnr).

After these cuts 183 events remain. Only the most probable combination of the two arrange-
ments Ky Afr] or 77 A7 K is used in the further analyses; it will always be referred to as
KN~=RK*7w~. The condition my—-j+.—- < m. is fulfilled by 140 events. Fig. 2 shows a clear A™*°
signal in the A+ 7~ channel. The fitting procedure to the data was already described in sec. 2.1.
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Figure 2: Invariant mass distribution m+.- of data. hatched the expected background con-
tribution of ete™ — ¢ events. The result of a fit to the data is shown as a full line, the
background contribution is represented by the dotted line.

The result is shown as full line, the background contribution as dotted line in fig. 2. The num-
ber of A" mesons found is Ny = 4717107 £ 1.5, The expected contribution of ete~ — qq
events is shown hatched and was determined to be less than 4 events (90 % C1) which is added
to the negative systematic error of the branching ratio.

Determining the selection efficiency we assumed this decay to proceed via either a; or p~(1700)
mesons.  No mass dependence neither on mp+4-- nor on mp-jp+.— of the acceptance was
found. The branching ratio was calculated following formula 1. With a selection efficiency of
€selection = 0.061 4 0.001 £ 0.011 and the other factors unchanged the branching ratio of the

decay 77 — NN~ v, amounts to:
Br(rm — N~ "v.) = (0.20 £ 0.05 + 0.04) %

where the first error is statistical and the second svstematical.

t



In a recent paper the CLEO Collaboration quoted an upper limit on the branching ratio
Br{r= — or"v;) < 0.026 % (90 % C'l) [12]. This decay mode may shed light on a possi-
ble four-quark state with a mass of 1480 MelV'/c* and J¥¢ = 17~ which decays into ¢ 7. The
expectation for the branching ratio of this decayv is Br(r= — o7 v,;) < 0.02 % [13].

We have estimated the acceptance for this decay to be ¢ = 0.015 £ 0.002 £ 0.003 using the same
event selection criteria as for the 7= — AR ~v, decays. This number includes the branching
ratio of the decay ¢ — AT A ™. From a fit to the invariant A'* A~ mass spectrum of our 140
selected events we estimated the number of ¢ candidates to be less than 3.2 (90 % C'l). From
this we derive an upper limit of

Br(irm — ox v,) <0.035 % (90 % C')

which is consistent with the CLEO measurement.

3 The Decay 7~ — K* (X% v,

*n7 7~ where the decay

The A"~ mesons are reconstructed via their decay A™~ — Kor~™ — 7
vertex of the A'Y meson can be reconstructed with high efficiency. In this inclusive measure-
ment the symbol (X°) denotes neutral particles as n 7% or n K mesons (n > 0) which were

not reconstructed.

Since this decay results in a final state of three charged pions the event selection criteria are
very similar to those described in sec. 2. In addition we required two oppositely charged tracks,
considered as pions, to form a A2 candidate. Clandidates were accepted in the mass interval
0.433GeV /e <m+.- <0.510Gel/c?. A mass constraint fit to the K'Y mass was performed.
The distance between the reconstructed A2 vertex and the main vertex has to be larger than
lLem.  All topological cuts and cuts against background remained unchanged. To suppress
Bhabha events with converted photons, no particle on the three-prong side was allowed to be
consistent with the electron hypothesis. These conditions are fulfilled by 305 events. The num-
ber of photons was not limited on the three-prong side but limited to less than three on the
one-prong side to suppress possible background from e*
tulfilled by 230 events.

C'ombining the A2 candidates with the third track on the three-prong side. assuming this to
be a pion. yields the spectrum of the mass myo .- shown in fig. 3.

¢~ — g events. These conditions were

Due to the cut against electrons radiative Bhabha events are suppressed to a negligible amount.
From our Monte Carlo studies of two-photon events ete™ — ete™ A** A*~ we found this back-
ground contribution negligible. too. The same holds for events of the types ete™ — T(4S5) — bb
and eT¢e” — T — ggg (gg~y) since these typicallyv result in a larger number of charged tracks
than demanded in this analvsis. A background contribution to the number of K~ mesons can
occur from events eTe¢™ — ¢¢. This was determined to be smaller than 10 events (90 % (')
(sec fig. 3) and checked as described below. This number is included in the negative svs-
tematic error of the branching ratio. Contrary to the previous investigations the decavs
7T — ajv, — pPr v, — moatr v, and 77 — wmortr 7%(7%) 7, do not contribute to the
background since the selection requirements for A% mesons suppress these decays completely.

To determine the number of A~ mesons we have fitted a relativistic P-wave Breit-Wigner
function convoluted with a Gaussian function to account for the detector resolution to the
K27~ mass distribution. Mass and width of the Breit-Wigner function were fixed to the A™~

table values [7]. The mass resolution was determined to be o,., = 5.2 MeV'/¢*. The number

G
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Figure 3: Invariant mass distribution of the K27~ candidates for the decay 77 — K™ (X9 v,.
The full line shows the result of a fit to the data. The expected background contribution of
other 7 decays is shown as a dotted line. The expected background from ete™ — ¢7 events is
represented by the hatched histogram.

of A™~ mesons was derived by integrating this function in the interval £ 31 .- around the
nominal A~ mass. The non-resonant contribution from other r decays was parameterized by
the function |, [(Myor— —a)-(b+c-myn,-) with a, b and ¢ as free parameters. The result of this
fit is shown in fig. 3 as full line, as well as the background function, shown dotted. The number
of A~ mesons amounts to 104 + 1372 on a background of 62 events. Possible background
"¢~ — ¢g events leads to the asvmmetric systematic error. A systematic uncertainty of
+ 2 events due to the background parameterization was added in quadrature.

from €

To determine the acceptance for the decay 7= — K=" (X9) v, we parameterized the selection
efficiency depending on the momentum of the A~ meson which vielded a mean of €, cotion =
0.0143 £ 0.0006 + 0.0014 . No dependence on the invariant mass of the subsystem A'27~ has
been found. The trigger efficiency was determined to be €trig = 0.960 £ 0.008. In these decays
¢~ 1s equal to one since the number of photons on the three-prong side is not limited. From the
numbers given above we calculated the branching ratio to be

Brir™ = K"7(X")v.) = (1.19 £ 0.157%12) % .

The systematic error includes contribution from the background parameterization. the error on
the parameterization of the selection efficiency. the error on the Monte Carlo simulation. and
the small errors on the number of 7 pair events, the branching ratio Bry. and background from
¢Te™ — g events.

To check this result. namely the background determination from ete~ — qq events. we de-
manded as an additional selection criterion for the particle on the one-prong to be either a well
identified electron or muon. By this cut possible background of ete™ — ¢g events is strongly



suppressed. Unfortunately the number of A*~ mesons found is reduced drastically, too. From a
number of 40+742 K™~ mesons and a selection efficiency of €eiecrion = 0.0047£0.0003£0.0005,
the branching ratio Br(r~™ — K" (X% v,) = (1.39 £ 0.24 £ 0.17) % agrees well with the one
given above. This observation gives confidence to the treatment of the background contribu-
tions.

4 Discussion of the Results and Summary

We have measured branching ratios of 7 decays into charged and neutral A mesons.

Comparing our measured branching ratio of the Cabbibo suppressed decay Br(r~ —
A0~ v,.) = (0.254+0.10 £ 0.05) % to the results of the DELCO [14] (Br(t~ — K~ n¥x v, ) =
(0.227918y %), CLEO [15] (Br(r~ — K*9%~ > Oneutrals v,) = (0.3840.17) %), and TPC/Two-
Gamma Collaborations [10] (Br(t~ — KN~ rt7 7 v,) = (0.587313) %) shows agreement within
the errors. The theoretical prediction based on DMO sum rules [16] yield a branching fraction
of the decay 7= — K~ "7~ v, in the order of 0.2 % [17] which coincides with the measurements.

Likewise is the situation in the decav 7= — A~ AN *x~v.. Our result Br(r~ — K™K ~v,) =
(0.20 £ 0.05 £ 0.04)% agrees with the measurements of the DELCO [14] (Br(r- —
N-R*tr~v;) = (0.223010) %), CLEO [15] (Br(r~ — K**K~ > Oneutrals v,) = (0.32 &
0.14) %). and TPC/Two-Gamma {10] Collaborations (Br(t— — K~ K*x~v,) = (0.151357) %).
and the DMO sum rule prediction [16] of Br(t~ — K- K *7~v,) = 0.2% [17].

These numbers show that both decays 7~ — K #*7"v, and 7~ — K~ KN *7 v, are dominated
by AY mesons.

(‘omparing our result Br(r~ — K*"(X%) v, ) = (1.1940.157513) % to the measurements of the
TPC/Two-Gamma [18] Br(7~ — K=" (X°)v.) = (1.4 £0.9) % and CLEO [15] Collaborations
Britm — K™ (X%v,) = (143 £0.17) % shows good agreement. The agreement of our result
with the exclusive ARGUS measurement [19] Br(r~ — K™"v,) = (1.23 4+ 0.30) % shows that
*~ mesons are not accompanied by additional neutral particles. Here the DMO
prediction [16] of Br(t~ — KN*"v,) = 1.1 % [17] again corresponds nicely to the measurements.

most of the A

In general the results agree within the errors with previous measurements and standard model
predictions. All experimental analvses of this suppressed decay channels, especially questions
about resonance structures. suffer from lack of statistics. Here high statistic experiments with
improved particle identification capabilities are needed to reduce the errors further.
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