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Abstract

Landsberg L.G. On Some Rare Weak Decays of Hyperons in E781: IHEP Preprint 96-5. {
Protvino, 1996. { p. 8, �gs. 4, tables 2.

A possibility of precision study of several semileptonic and nonleptonic hyperon decay modes
in the E781 joint experiment with the Fermilab Tevatron hyperon beams is considered. The
estimation of the expected decay event statistics is carried out. The sensitivity of these mea-
surements would exceed the sensitivity of all previous experiments in this �eld by two orders of
magnitude.
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lANDSBERG l.g. o NEKOTORYH SLABYH RASPADAH GIPERONOW W \KSPERIMENTE E781: pREPRINT
ifw| 96-5. { pROTWINO, 1996. { 8 S., 4 RIS., 2 TABL.

rASSMOTRENA WOZMOVNOSTX PRECIZIONNOGO IZU^ENIQ NEKOTORYH POLULEPTONNYH I NELEP-
TONNYH SLABYH RASPADOW GIPERONOW W SOWMESTNOM \KSPERIMENTE E781 NA GIPERONNYH PU^KAH
T\WATRONA fERMILAB. pROWEDENA OCENKA OVIDAEMOJ STATISTIKI RASPADNYH SOBYTIJ. ~UW-
STWITELXNOSTX \TIH IZMERENIJ MOVET NA DWA PORQDKA WELI^INY PREWYSITX ^UWSTWITELX-
NOSTX WSEH PREDYDU]IH \KSPERIMENTOW W \TOJ OBLASTI.
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In the experiments with the SELEX facility (E781 Fermilab) in the hyperon beams of
the Tevatron machine a wide research program in the hyperon and charm physics should be
carried out [1,2]. The main part of this research program is devoted to the spectroscopy of
charmed and strange-charmed baryons and weak decays of these particlees, to the search
for charm-strange exotic hadrons and strange pentaquark hyperons with additional s�s
valence quark pairs, to the study of electromagnetic properties of hyperons, as well as
several Primako� production processes in Coulomb �eld of heavy nuclei [1-5].

The general layout of the SELEX setup for these measurements is presented on Fig.1.
The apparatus is a three stage magnetic spectrometer with proportional and drift cham-
bers. It includes also a microstrip vertex detector, trigger hodoscopes H1 and H2, three
Photon spectrometers, RICH and TRD detectors for particle identi�cation, a neutron
calorimeter, a complicated 3 stage trigger logic with fast Primako� trigger processor, very
powerful data acquisition system.

The aim of this paper is to show that in the E781 run with special "1! 3 particles"
trigger there would be a very good opportunity for a precise study of several weak hyperon
decays. This "1! 3 particles" trigger was proposed earlier to study the Coulomb produc-
tion of hyperon resonances and to search for exotic pentaquark baryons (YQ = qqss�s) { see
details in [5]. The sensitivity of weak decay measurement is estimated to be by 2 orders
of magnitude better than in all previous experiments.

The "1 ! 3" trigger uses the increase of multiplicities of charged particles after the
secondary decays on the decay base between the setup target and the trigger hodoscopes
H1 and H2 (around 9 m).

The trigger requirements are as follows:
1. The primary particle is a hyperon (beam TRD identi�cation).
2. After the setup target there is one and only one particle with emission angles

�x;y > 10�1 mrad relative to a primary beam particle (identi�cation is in the interaction
counter after the target IC(=1) and in the Primako� trigger processor { see Fig.2, [6]).

3. There are 3 or 5 particles in H1 and H2 (depending of one or two secondary decays
before H1).

4. Some guard anticoincidence counters can be used to reduce the background from
secondary interactions (see [5] for more details).
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These requirements may be written as

T (1! 3) = [TRD = Y �]� [Primako� processor = 1 with[�x;y > 10�1 mrad]�

� [H1 = 3; 4; 5] � [H2 = 3; 4; 5] � [guard anti]: (1)

The examples of processes which are selected with this T (1! 3) trigger are [5]

�� + (Z; A)! ��(1385)� + (Z; A); (2)

b! ���

b! p��

(Coulomb production of ��(1385)� hyperon resonance) and

�� +N ! Y�(ddss�s) +N (3)

b! ��Ko

b! �+��j
j
b! ���

b! p��

(di�ractive production of exotic baryon resonances Y� with additional hidden strangeness).
It was shown before [5], that the measurements with T (1 ! 3) can be made in parallel
with the main charm trigger run of E781. The rate of T (1 ! 3) is expected to be at
the level of (1.5-2)�102 sec�1 (the total trigger rate for E781 is about 104 sec�1 due to the
charm trigger).

Several decays of beam hyperons on the base of the Primako� processor device are
also partly e�cient to produce T (1 ! 3) trigger and can be detected. This is just the
case for cascade decays �� ! ���, �! p��, which produce the main component of this
trigger rate. Thus T (1 ! 3) trigger can be used to study several weak decays of �; ��

and 
� hyperons which were not investigated quite precisely before (see also [7] for the
discussion of hyperon weak radiative decay study in E781).

The results of calculations of expected statistics for the study of some � and 
�

hyperon decay modes are presented in Table 1. In these calculations we used the com-
position of negative and positive hyperon beams from Table 2. The numbers in Table 2
were obtained from the cross section curves on Fig. 3 and 4 which are the results of �tting
the main existing data on hyperon yields in di�erent regions of kinematical variables xF
and pT [8].

In the calculations of the event rates of Table 1 several assumptions were made.
1. The e�ective decay base for hyperons of a beam in the region of the Primako�

processor is 2 m.
2. The e�ciency for detecting di�erent decay modes includes the decay kinematics,

geometry of the setup and additional e�ciency for the registration of �o-mesons (with
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Table 2. Composition of hyperon beams at the distance of 10 m from the production target

Negative beam Positive beam

particles p=650 GeV/c particles p=500 GeV/c p=450 GeV/c p=250 GeV/c
sec�1 sec�1

�� 1:0 � 106 p 2 � 106 1:7 � 106 106

�� 0:9 � 106 �+ 1 � 105 3 � 105 106

�� 0:8 � 104 �+ 1:3 � 104 1:5 � 104 5 � 103

�+ 0:4 � 103 �� 1.8 11 49


� 1:1 � 102

Notes to Table 2:
1. The initial proton beam has the momentum Pp = 800 GeV/c.
2. Total intensity of the secondary beam is I = 2 � 106 particles/sec.
3. The data in Table are for the beams produced with pT = 0. For positive beams which can
be produced in pT region of 0.59-1.1 GeV/c the percentage of �+ hyperons can be increased by
25-30% for p = 500 GeV/c and by 45% for p = 250 GeV/c.

�(�o)=1/3) and/or electrons (with �(e)=1/1.7) which is due to the absorption of photons
and electrons in the setup matter.

3. The total 
ux in the beam is 2 �106 particles/sec. The e�ective week is 7:5 �104 sec.
The E781 run includes 3 expositions (14 weeks each) in the negative beam with 650 GeV/c
momentum and two short expositions in a positive beam with about 500 GeV/c and
250 GeV/c momenta (2 weeks each). It was assumed that the expositions on positive
beams would be with 0:6 < pT < 1:1 GeV/c to increase the 
uxes of �+ hyperons.

It is clear from Table 1 that the E781 has a possibility to study several quite inter-
esting hyperon decays with the statistics which exceeds the existing data by 2 orders of
magnitude. This increase in the sensitivity seems quite important for the future testing
of the Cabibbo model for the semileptonic decays of baryons (see [9]), for measuring the
asymmetry in the non-leptonic 
� hyperon decays and for reducing the upper limits for
the anomalous process. The 
� ! ��� decay with �S = 2, a possible in
uence of the
weak current of the second kind on the ratio �(�+ ! �e+�e)=�(�� ! �e���e)1 and so
on may be the examples of such processes.

1See Appendix for more details.
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Fig. 3. Positive and negative particles invariant cross sections in xF for PT=0 (from [8]). Neg-
ative beam: N � ��; � � ��; N � 
�; F �K�; � � (�+); � � �� (A); Positive
beam: � � p; � � (��); � � �+; F �K+; � � �+ (B).
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Fig. 4. Positive particles invariant cross section in xF for 0:59 < PT < 1:1 GeV/c (from [8]).
� � p; � � �+; F �K+; � � �+; � � ��.
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Appendix

Measurement of the ratio (�(�� ! �e���e)=�(�+ ! �e+�e)

Let us consider the existing data on the ratio

�(�� ! �e���e)

�(�+ ! �e+�e)
= R �

f(W�)

f(W+)| {z }
phase space

factor

(see [10]):

Phase space for these decays can be evaluated as

f(W ) =

WZ
me

dEe �
q
E2
e �m2

e � Ee � (W � Ee)
2 '

W 5

30
(for W=me >> 1);

where W = M(�)2�M(�)2+m2
e

2M(�)
is the maximal energy of electrons in � ! �e�e decay.

From the data of PDG [11]:

W� = 74:39 � 0:09 MeV;
W+ = 71:40 � 0:08MeV

)
f(W�)=f(W+) = 1:228 � 0:009:

�(�� ! �e���e)

�(�+ ! �e+�e)
=
BR(��)

� (��)

,
BR(�+)

� (�+)
=

(5:74 � 0:27) � 10�5

(1:479 � 0:011) � 10�10

,
(2:0 � 0:5) � 10�5

(0:799 � 0:004) � 10�10
= 1:54� 0:39

and

R =
1:54� 0:39

1:228 � 0:009
= 1:25 � 0:25:

The square of matrix elements ratio R = 1 if there are no hadronic weak currents of
second kind (antihermitian currents { see [10] for detail). For di�erent models with
weak currents of the second kind, the ratio R is rather sensitive to the presence of
such currents and can deviate from value 1 by 10-15% or even more. The existing
very limited data for �� ! �e���e(�e) decays (and �rst of all for �+ decays) give
the value R with large uncertainty and practically do not allow one to obtain the
information about the weak hadron currents of the second kind. It is expected that
from the future data of E781 (see Table 1) it would be possible to obtain the precision
in R around 3�4% and to provide the meaningful information about the existence
of a new type of weak hadron currents.
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