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E791

e 500 GeV 1 beam incident on Pt, Diamond foils
¢ Produced and recorded 20 billion events

* Fixed target spectrometer featuring Silicon strip
detectors 1n the beam and after the target
e Magnetic spectrometer with PWC’s and DC’s.
e EM, Hadronic calorimeter
¢ Muon wall

e Charm decays detected by vertex separation
¢ Physics includes DDbar mixing, CP violation

studies, searches for FCNC, form factors, BRs,
- production, charm baryon resonances ...
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charm baryon decay rates. The most direct components of the A} — pK—7+
decays (and charge conjugate decays which are implied throughout this pa-
per) include the nonresonant pK-7+ decay, and the p"K*U(SQU) and A(1520)xt
two-body decays. All three of these decays can be described by spectator and
W-exchange amplitudes. In lowest order, the At*(1232)K~ decay can oc-
cur only via the exchange amplitude. Exchange amplitudes are suppressed in
charm meson decays, at least at the quark level, because of helicity and form-
factor effects. These effects are not expected to inhibit exchange amplitudes
for. charm baryons due to the three-body nature of the interaction. To under-
stand fully this system of decays, as well as other charmed baryon decays, a
complete resonant amplitude analysis is needed.

The charm baryon and its decay products carry spin and the charm baryon
may be polarized upon production. Previous charm pseudoscalar meson decay
analyses have studied structure in the two-dimensional space of the decay
product effective masses (Dalitz plot distributions), but the spin effects just
described require five kinematic variables for a complete description. While
this complicates the analysis, it affords greater sensitivity to the parameters
of interest. As a by-product of the analysis, the production polarization of the
AL, Py, is also measured. This analysis is the first five dimensional amplitude
analysis and, as such, is unique.

2 Formalism

We parameterize the observed decay rate as a function of the A7 polarization,
P 4., and of the amplitudes and relative phases of each intermediate two-body
resonance decay. We assume that the nonresonant decay is described by an
amplitude that is constant across phase space. The differential decay rate dT'
{or signal density S} may be expressed as

. (4P,
ar ~ (@)= 1Pl S Bme)agy 4 +1 S B, 4

+ (1 _QPAC) (l zBr(mr)ar,—%’% |2 + I ZBr(mr)ar-_%'-% |2) (1)

where arm,, is the complex decay amplitude for resonance r given m, the spin
projection of the A; on the z-axis, and Ap, the proton helicity in the A, rest
frame.

B (m;) in Equation 1 is the normalized relativistic Breit-Wigner amplitude



corrected for the centrifugal barrier[3]. Given the decay mode A, — r(— ab)c,

: F\ F,
r r] = -2 a L =
Brlme) = (=2l T

(2)

where

q \or+1M0 F}?(Q)
T =T(= Nl 3
0(90) m: F2(qo) ( )

for resonance r at the reconstructed two body mass m,, with the momentum
¢ (and go when m; = my) of a daughter particle in the resonance’s rest frame,
and with resonance mass and width mp and I’y as found in [2]. Using this
convention, we set B.(m,) for the nonresonant decay to be 1.0. Fy is the
strong coupling factor at the appropriate decay vertex, and is in the Blatt-
Weisskopf form as described in table 1 below. Table 2 lists the range of the
strong interaction, Ry.

Table 1
We list here the expressions for F and values of R used in the Breit-Wigner ampli-
tude.

L Fy
0 1
1 (1+R%q")"'/?

2 (9+3R%¢% + Ryq*)1/2

Table 2 :
We list here the expressions for F' and values of R used in the Breit-Wigner ampli-
tude.

X Rx
_ (GeV/cH)-!
®%(890) 3.4 [4]

A++(1232) 522 (5]
A(1520) 6.29 [6]
A 5.07 [7]

In Tables 3-6, where the amplitudes Qr,m,a, (derived using the helicity formal-
ism described in [8]} can be seen more explicitly, the direction (¢,.8;) is the



direction of the resonance, 1, in the A, rest frame, using the convention of [9].
The primed angles refer to the direction of one of the resonance’s daughters
in the resonance’s rest frame.

LAl A
220" Pream ® P Ac,lab frame

Fig. 1. Definition of angles used in analysis using A7 — pK*® — pK™7t as an ex-
ample. In both figures the A} is at rest. In the first figure, which defines (8, ¢;),
the z-axis is along the direction of motion of the A} in the lab frame and the z-axis
is the polarization axis, normal to the plane of production. In the second figure we
define ¢~ which is the angle between the plane containing the K*¥ decay products
and the plane containing the proton and the x-axis.

Note that the decay amplitudes for each resonance have contributions to each
of the four terms. Each event in the final data sample is described by five
kinematic variables of interest (two two-body masses and the decay angles
6p, $p, and @k~ as defined in Figure 1) which are determined after the pKn
reconstructed mass is constrained to the A, mass. We chose the quantization
axis (the z-axis in the A, rest frame) to be normal to the A; production plane
(as defined by Poeam X Pa., Where Ppeam is the beam direction and fy, is the
A, production direction in the lab frame). The x-axis in the A. rest frame is
chosen to be the direction of the A, in the lab frame.

Table 3
Amplitudes for Aj(%+) - (K*G(SQ{})(I‘) - K‘ﬂ'"‘)p(%J’) decay mode.

m  Ap Amplitude
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Table 4
Amplitudes for A (%+) - (A++(1232)(% ) = prt)K~ decay mode.

m Ap Amplitude

% 3 Fen d:.;,(ﬂa++) d:% (65) + Fpe'tr di_ 1(0a++) %é}.{ (0)e {Potr—ep)
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;{az;?lljitsudes for A;"(%+) —+ (A(1520)(%_) — pK™)nt decay mode.

m o Ap Amplitude
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Table 6

Amplitudes for nonresonant A;*(%"') — pK~nt decay mode.

m  Ap, Amplitude
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3 Experiment E791 and Data Reduction

We analyze data from Fermilab fixed-target experiment E791, which ran from
1991-1992. The data were recorded from 500 GeV/c 7~ beam interactions
in five thin target foils (one platinum, four diamond) whose centers were
separated by about 1.53 cm. The detector, described elsewhere in more de-
tail[10,11}, was a large-acceptance, forward, two-magnet spectrometer. Its key
components for this study included eight planes of multiwire proportional
chambers, and six planes of silicon microstrip detectors (SMD) before the tar-
get for beam tracking, a 17-plane SMD system and 35 drift chamber planes
downstream of the target for track and vertex reconstruction, and two multi-
cell threshold Cerenkov counters for charged particle identification.

An unrestrictive, open-charm event selection based on total transverse energy



seen in the calorimeters was made in real time. Then offline we require all A,
event candidates to have a production and decay vertex longitudinally sepa-
rated by at least 6 o), where ¢ is the error in that separation. The tracks and
vertex fits satisfy x? requirements. The vertex must be formed from proton,
kaon, and pion tracks identified as such by the Cerenkov particle identification
system. Proton candidates are rejected when projected into regions of the de-
tector with poor particle identification efficiency. To reject more background,
we require that the magnitude of the vector sum of the transverse momenta,
pt, of all the secondary tracks with respect to the flight path of the recon-
structed Ac candidate be < 0.4 GeV/c. In order to eliminate reflections from
D* - K~wtxt decays and from D, D} — K-K*#* decays, we remove all
events whose reconstructed Koz mass is within the range [1.85, 1.89] GeV /c?
or whose reconstructed KK mass is within either of the ranges [1.85, 1.89)
GeV/c? or [1.95, 1.99] GeV /c2.

After this preliminary stage of the analysis, we have 998+167 A} — pK~=*
signal events and 107,368+4366 background events. Therefore we apply further
requirements in order to improve this signal in an unbiased way. This is ac-
complished by a selection on the output of an artificial neural network. The
network is trained using a Monte Carlo (MC) sample of AT — pK~ 7" decays
for signal and events from the wings of the pK~#% mass distribution in data
for background. The variables used in the training include all those described
in the preliminary analysis above and the transverse miss distance between
the primary vertex and the line of flight of the reconstructed A. candidate,
the scalar sum of all the pZ of all the secondary tracks with respect to the
flight path of the reconstructed A. candidate, the separation of the secondary
vertex from the closest target foil edge expressed in number of standard devi-
ations, the calculated proper lifetime of the reconstructed A., the ratio of the
distance of each decay tracks from the secondary vertex to its distance from
the primary vertex, and the minimum and product of the three such ratios.

The cut on the neural net output is chosen to maximize Nsuc/+/Nsmc + N
where Ns ¢ is the number of MC signal events (scaled to our data size) and
Np the number of background events. After the cut on the neural net output,
2271 real events in the pK~7% mass range of [2.18, 2.38] GeV/c? survive, as
seen in figure 2, which corresponds to 886443 signal events (significance of
20.40) and 1384149 background events.

4 Differential Decay Rate Fit

Once the final data set is established we constrain each reconstructed pKr
mass to the mass of the A.. This forces all candidate events, whether in the
signal peak or in the wings, to have the same decay phase space as that of the
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Table 6 A:--’ Pk ™
The systematic errors on fit fractions.
Drift Cerenkov  Acceptance Production Combined
Mode Chamber (%) Counter (%) Adjust (%) Model (%) Error (%)
pK*(890) 1.7 0.6 0.3 0.0 1.8
A+H(1232)K~ 2.5 1.2 0.7 0.1 2.9
A(1520)7rt 0.9 0.5 0.4 0.1 1.1
Nonresonant 3.2 1.1 0.9 0.1 3.5
Table 7

The decay fractions for AT — pK~#% with statistical and systematic errors from
the final fit.

Mode Fit Fraction (%)
pK*°(890) 19.5:4:2.6+1.8 FIT FRACTIONS
ATH(1232)K~ 18.0+2.94+2.9
A(1520)7+ 7.7+1.841.1
Nonresonant 54.845.5+3.5

uncertainties are comparable because of our more general fit.

Table 8
A, branching ratios relative to the inclusive AT — pK~#* branching fraction. The
NA32 and ISR values were calculated from one-dimensional projections only.

Mode E791 NA32{14] ISR[15]
pK'%(890)  0.2940.04+£0.03 0.3510%1+003 0.42+0.24 B.R.
ATH{1232)K~  0.18+0.03£0.03 0.127308+0.05 0.40+0.17
A(1520)7  0.15+£0.04+0.02 0.097034+0.02
Nonresonant  0.55+0.0620.04 0.56307+0.05

5 Discussion and Conclusions

Significant resonant and non-resonant branching fractions are found in this
analysis of a 200 A} — pK~n* signal, the largest sample so far analyzed.
The size of the sample allows for inclusion of relative phases of the various
contributions and a full accounting of spin and production polarization for the
first time in such an analysis. The A(1232)**K~ and A(1520)}7" decay modes
are seen as statistically significant contributions for the first time, even when
uncertainties associated with phases and other variables are included. The

13



—_—

©
oo

1 T LI I LR A l LT I T 1 1

FOoIarizaton, i,
O o
iN o

©
N

-0.2

-0.4

—0.6

ET791 _YERY 'PfELlM}NﬂRT

PoLARIZ ATION

A pkTTt

L ] 1T 1 I T 177 I LI l T

_I_J_ll[!lllllllFll!llillilllllllllIJ_IIIPIiIIII[IIIl

0 0.25 0.5 0.75 1 1.25 1.5 1.75

0 < pr< 0T GeVle

0 < pr € 124 GeVle

2 225 2.

p, (GeV/c)

.24 < pr < 5.20 GeV/e

<P =
-9-04%0.14

5



E791 VERY PRELIMINARY
m
Ao prt

&

Table 5
Decay amplitudes and polarization and mass plot parameters for A, — pK# from
the MINUIT fit with statistical errors.

Terms Parameter Value
p(890) E, 0.52+ 0.17 Fir ReswiTs
o5, -1.01% 0.48
E» 0.20+ 0.10
bE, 2.35+ 0.67
Es 0.21% 0.10
PE, 3.46+ 0.42
E, 0.16+ 0.10
PE, 5.29+ 0.55
A++(1232)K- % 0.17+ 0.07
oF, 4.98+ 0.41
B 0.38+ 0.13
bry 4.88+ 0.40
A*(1520)7" H 0.18+ 0.09 .
o, 5.93% 0.52
Hy .20+ 0.07
b, -0.06+ 0.55
Nonresonant Nog 0.46+ 0.26
ONy, 3.48 0.54
Ny_ 1.00
ONy_ 0.00
N_;+ 0.18+ 0.15
ON_, 0.75+ 0.71
N__. 0.94+ 0.45
SN 1.13+ 0.36
Polarization (bin 1) Pa1 0.15+ 0.21
Polarization (bin 2) Pa 2 -0.22+ 0.25
Polarization (bin 3) Pa s -0.67+ 0.15
# Signal Events n, 946+ 38
# Background Events n, 1324+ 43
Background Quad Term by -0.98% 10.51
Background Linear Term b 1.34+ 0.48
Masss, (GeV/c?) mp 2.29+ 0.00
Widths, (MeV/c?) o 20.1+ 4.8
Widthy, (MeV/c?) O 9.3+ 0.6
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Since the KSUSS applied a restriction that SD7, 2 6.0 and PTBAL < 0.4 we also cut any events
which violated these boundaries. See figures 6.2 and 6.3 for the real and MC data after the above
cuts and reconstructed as pKn, KK=, and Kz, '
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Figure 6.2: Reconstructed masses of real data before Neural Net and D mass cuts.

The last cut we made before using the Neural Net, was to eliminate the D resonances. There
are three decays which are more likely to be reconstructed as false A¥ — pK—n* than other decays.

They are
1. D¥ — K*K~7+
2. DY 5 Krstgt

3. DF = K+K-7+



1384.1:+48.8 background events and a significance of 20.4o. See table 6.1 for detail on significance
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Figure 6.5: (left) Mass(pKm) of the real data set before Neural Net cuts and (right)
after. It has a significance of 20.40. There are 886+43 signal events and 1384
background events assuming that the peak is Gausstan, the background is guadratic
and the number of signal and background events are variables.
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Figure 6.6: Mass(pKr) of the real data set after the Neural Net cut. For future
reference: the shaded area on the left refers to the signal region and on the right to
the background regions.
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difference between the real acceptance and the model.
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Figure 8.8: Background. {(a) The one dimensional projections of the background

divided by uniform phase space,

between the real background and the model.

(b) The model of the background, (c) the difference
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Figure 9.7: Mass(pKx) of the real data set after Neural Net cuts and the MINUIT
Fit 3. There are 94638 signal events and 1324243 background events assuming
that the peak is Gaussian, the background is quadratic and the number of signal
and background events are variables.



Mode Fit 3p | Cerenkov(%) | Production(%) | DC hole(%) | 2d Tweak(%)
K" 19.5+2.6 18.9+2.7 19.5+2.7 21.2+3.0 19.8+2.8
AT 18.04+2.9 16.8£2.8 18.1£2.9 20.5%3.3 17.34£2.9

A(1520) 7.7+1.8 8.3+1.9 7.6+1.8 6.8+1.7 7.3+1.8
Nonresonant | 54.8+5.5 55.945.8 54.9+5.7 51.6+6.5 55.7+5.8

Table 10.2: The fit fractions for the decay A; — pKr from the MINUIT fit.

Mode | Ckv(%) | Prod(%) | DC hole( %) | 2d Tweak(%) [ Syst Error (%)
pK -0.6 0.0 +1.7 403 1.8
ATTK™ -1.2 +0.1 +2.5 -0.7 2.9
A(1530)7" | +0.5 01 +0.9 0.4 1.1
Nonres +1.1 +0.1 -3.2 +0.9 3.5

Table 10.3: Deviations from the fit 3p fit fractions for the Systematic Errors.
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Figure K.1: The one dimensional projections of the new fit and real data,
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