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We have measured the asymmetry parameter and branching ratio of the £+ radiative
decay. This high statistics experiment (FNAL 761) was performed in the Proton
Center charged hyperon beam at Fermi National Accelerator Laboratory in Batavia,
Ilinois. We find for the asymmetry parameter -0.720 % 0.086 & 0.045 where the first
error is statistical and the second is systematic. This result is based on a sample of
34754 + 212 events. We find a preliminary value for the branching ratio Br(Z+ —
py )/Br(Zt —pn® ) = (2.14 £ 0.07 £ 0.11) X 1072 where the first error is statistical
and the second is systematic. This result is based on a sample of 31040 £ 650 events.

Both results are in agreement with previous low statistics measurements.
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Chapter 1
Introduction

Hyperon radiative decays represent a class of baryon decays which require strong,
weak and electromagnetic contributions. These decays allow us to test the interplay
of weak and electromagnetic interactions as applied to the underlying quark structure
of baryons. The mechanism of these decays is related to other topics of interest in
particle physics today for example the AI = 1 rule and the ¢/e ratio in neutral
kaon decays. The non-leptonic Hamiltonian for these classes of problems are closely
related. Any information determined about one class may shed light on the other
problems.

There are 7 electroweak (AS = 1) radiative decays. Drawn in Fig. 1.1 are the 7
hyperon radiative decay transitions in terms of the spin 1 octet and spin 2 decuplet.
The decay £° — ny is not included because it is experimentally inaccessable. The
decay is overwhelmed by the purely electromagnetic transition X° — A~.

We measure two quantities in hyperon radiative decays, the branching ratio, BR
and the asymmetry parameter, a. Consider, for example the decay £+ — pvy . The
branching ratio is the probability that a £+ will decay to py compared to all other
decays modes. If the initial % is polarized the asymmetry parameter or « parameter
can be measured from the angular distribution of the decay proton. The a parameter
measures the correlation between the direction of emission of the proton and the

initial hyperon polarization direction. In the rest frame of the polarized £+, the



spin 1/2%octet Spin 3/2"decuplet
AS AS
enloep or or |0 or oA (1232)
- Q (o] \ + - (¢] +
PR P Y PRI ot o> o (1385)
-1 \ \ 1 -1 g
L J Y =(1530) ® 1-2 =(1530)° (1530)
\ .Q_ -3 (16?2)

Figure 1.1: Hyperon radiative decays in spin % octet and spin % decuplet.

angular distribution of the decay proton is given [1] by

% = %(1 +a,Ps - p) (1.1)
where N is the number of events, (I is the solid angle into which the decay proton
is emitted, o, is the Z¥ — py decay asymmetry parameter, P is the polarization
of the &F and p is a unit vector in the direction of the proton momentum in the T+
rest frame.

The experimental data on hyperon radiative decays is meager. Shown in Table 1.1
is a review of the current experimental status of hyperon radiative decays from the
Particle Data Group [2]. For the decay with the largest data sample, £+ — p~v , there
are 297 events total from 3 experiments [3, 4, 5] for the o parameter, and a total of
899 events from 7 experiments (3, 4, 5, 6, 7, 8, 9] measuring the branching ratio.
One problem associated with these experiments is the small branching ratio for the
decays. For example the branching ratio for £+ — pv is 1.25 x 103, This makes it
difficult to produce high-precision results. Even more challenging is that the primary
background in the decay £* — pvy is £+ —pn® with #° — yv. The branching ratio



decay branching total o total
___ratio events events
I+ — py 1.25 £ 0.07 x 1073 | 899 -0.83 £ 0.12 | 297
=T o Xy 2.3+ 1.0 x 10~ 9
=0 — Ay 1.06 + 0.16 x 1072 | 116 +0.43 £ 0.44 87
=0 3%y 3.56 £ 0.43 x 1073 85 +0.20 + 0.32 85
A — ny 1.02 £ 033 x 1073 | 24
Q" — Ty <2.2 x 1072
Q- — =(1530)"y -

Table 1.1: A summary of hyperon radiative decay data.

for this decay mode occurs at a rate 400 times that of ¥+ — pvy . The background
has similar kinematics and differs from the decay £* — pv by only the addition of
one photon. The a parameter (2] in the radiative decay £+ — py is @, = -0.83 +
0.12. The a parameter [2] in the hadronic decay T+ —pn® is @y = -0.980 + 0.016.
This raises the concern that a small excess of hadronic background in the £+ — py
sample could produce a negative asymmetry parameter for £+ — pvy .

In general theorists have had great difficulty in reproducing both the observed
branching ratios and asymmetry parameters of the hyperon radiative decays. The
decays have been analyzed using pole models, single quark transitions, 2-quark tran-
sitions, 3-quark transitions, symmetry principles, penguins and QCD sum rules.

In 1985 (when this experiment was proposed) there were only two measurements
of the asymmetry parameter of £+ — py , Gershwin et al [5] and Manz et al [4].
Their combined value of the asymmetry parameter of ¥+ — py was -0.72 + 0.29
based on a total of 107 events. Their result suggested a large negative asymmetry
parameter but with a large statistical error. At the time, basic symmetry principles
were used to predict that the asymmetry parameter should be 0. In 1987, while
this experiment was being prepared, Kobayashi et al [3] published a result for the
asymmetry parameter of 2* — pv of -0.86 + 0.13 (statistical) & 0.04 (systematic),
based on 190 events. This experiment still had low statistics therefore raising the

concern of possible contamination from the decay Tt —pn® .



For these reasons, Fermilab experiment 761 [10] was performed to study three
of these hyperon radiative decays, * — py , Z~ — X7y and @~ — Z~y . The
primary goal of the experiment was a high-statistics measurement of the asymmetry
parameter of Tt — pvy . Results for the asymmetry parameter (o parameter) and

the branching ratio for ©* — py are presented in this work.

1.1 Theoretical Background

The transition matrix element, T, for a general radiative decay

Y(p) = B(#') ++(q)

where Y is a hyperon of momentum p, B is a baryon of momentum p’ and v is a

photon of momentum ¢ is given by [11]

T « €,4(p')(A + Bys)owquu(p)

where %(p’) and u(p) are the spinor wave functions of the hyperon and baryon, respec-
tively, €, is the polarization vector of the photon, A and B are the parity-conserving
and parity-violating amplitudes, o, is the antisymmetric combination of two Dirac
gamma matrices and s is the usual product of Dirac gamma matrices. The decay
rate, I', can be written in terms of the two amplitudes 4 and B, in units where & =
c=1, as

2 2.2

r= (4] +|Bf)

™

where G is the Fermi coupling constant and e is the electric charge. The asymmetry

parameter, a is given by

o 2Re(A*B)

AP + B[’
The asymmetry parameter measures the interference between the parity-conserving
and parity-violating amplitudes. If either one of these is zero then the asymmetry

parameter is zero.



Figure 1.2: Pole model diagrams for hyperon radiative decays.

Symmetry principles can be used to impose important constraints on hyperon
radiative decays. Hara [12] showed, in 1964, that the parity-violating amplitude, B,
is zero under the following assumptions: CP conservation, U-spin symmetry and left-
handed current-current form of the weak interaction. Therefore a = 0 for both T+ —
py and E- — X7« . If we relax U-spin symmetry and take into account the mass

difference between the s and d quarks [13] the alpha parameter can be written as

2 2
m, —m

=—=2—2 405
m; + my

where m, and my are the mass of the s and d quarks respectively. This prediction
contradicts current experimental results. ‘

The first attempt to calculate a branching ratio and asymmetry parameter for
hyperon radiative decays used the pole model. Shown in Fig. 1.2 are the pole model
diagrams that contribute to hyperon radiative decays. In this model, one separates
the decay into an electromagnetic vertex and a weak vertex, Hyy. The intermediate
states Y’ and B’ are spin 1 baryons with positive or negative parity assuming Y and
B are spin } baryons. Under SU(3) flavor symmetry, intermediate states of positive
parity contribute to the parity-conserving amplitude, A, and negative parity states to
the parity-violating amplitude, B. The parameters used in pole model calculations
are the baryon non-leptonic transition matrix elements, baryon magnetic moments
and the photo-production matrix elements for the electromagnetic transition. See

Table 1.2 for a summary of the pole model predictions for the branching ratios of



Figure 1.3: K* pole diagram used by Nardulli [21]. V is a low mass vector meson
such as p, w, or ¢.

hyperon radiative decays and Table 1.3 for a summary of the pole model predictions
for the asymmetry parameters of hyperon radiative decays.

Graham and Pakvasa [14] use SU(3) symmetry to relate the hyperon radiative
decays to the non-leptonic decays of the hyperons. They use the SU(3) predictions
for the magnetic moments of the hyperons. Farrar [15] used only the lowest lying §+
baryons as intermediate states. The large errors are due to the large errors (at the
time) in the measured magnetic moments of the hyperons. Scadron and Thebaud [16]
included the %+ intermediate states in their pole model. Gavela et al, Close and
Rubinstein [17] and Rauh [19] included the -§-+ (56,0") intermediate states for the
parity-conserving amplitude and the ;= (70,17) intermediate states for the parity-
violating amplitude. Scadron and Visinescu [20] included %+ intermediate states and
related the amplitudes for ©* — py to 2~ non-leptonic decays. Nardulli included
meson pole diagrams such as the one shown in Fig. 1.3.

The constituent quark model works well (~ 20%) in predicting the baryon mag-
netic moments. One can look at hyperon radiative decays in this context. Hyperon
radiative decays are then just the single quark transition s — dv shown in Fig. 1.4.

The other two quarks in the hyperon are considered spectators. Gilman and Wise [22]
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Graham [14] | 1965 1.4 0.75 0.3 1.1 0.02
Farrar [15] | 1971 || 0.34 4+ 1.25 | 1.9 + 0.8
Scadron [16] | 1973 0.78 1.5 15. 10. 0
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Rauh [19] | 1981 | 0.82 +:il 1.02 2.29 5.87.
Scadron [20] | 1983 0.66
Nardulli [21] | 1988 1.05 0.17 0.72 2.4 0.51
Measured {2] | 1990 || 1.25 &+ 0.07 | 1.02 & 0.33 | 1.06 £ 0.16 | 3.56 £+ 0.43 | 0.23 £ 0.10
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Graham [14] | 1965 ||  -+0.061 +0.25 -0.25 +0.031 -0.37
Farrar [15] | 1971 | +08 %3 |-0.5+04
Scadron [16] | 1973 || -0.2 — -0.5 | -0.995 -0.95 -0.90 0

Close [17] | 1980 || -0.6 — -1. small small -0.3

Gavela [18] | 1981 || -0.80 *:32 -0.49 -0.78 -0.96

Rauh [19] | 1981 | -0.86 =1} -0.10 -0.41 -0.58
Scadron {20] | 1983 -0.38
Nardulli [21] | 1988 -1. -0.72 +0.11 -0.54 .0
Measured [2] | 1990 || -0.83 £ 0.12 4+0.43 + 0.44 | 4-0.20 £ 0.32




Figure 1.4: Hyperon radiative decay, single quark transition s — dy.

considered the diagram in Fig. 1.5. They used the most general form for the ampli-
tude and found a relationship among the radiative decays. They normalized all of
their branching ratios to the measured branching ratio of T+ — py (1.24 x. 1073.)
The results are shown in Table 1.4. It is clear that the measured rates are not con-
sistent with the predictions in this picture. Kogan and Shifman [23] calculated a rate
for X+ — py assuming the single quark transition s — dvy. They found the branching
ratio for &* — py is ~2 x 1078, This is about 3 orders of magnitude below the
experimentally measured value. They concluded that "the mechanism of Fig. 1.4
cannot play an important role in weak radiative decays” [23].

One can also look at the effects of the two-quark transition shown in Fig. 1.6.
These diagrams can contribute to all hyperon radiative decays except =~ — X7y
, Q" — =74 and Q~ — E(1530) 4y because the initial states contain no u quark.
Lo Chong-Huah [24] studied at the ainplitude of the diagram shown in Fig 1.5 and
found it to be negligible compared to the two quark transition. Lo Chong-Huah also
considered the three-quark transition of Fig. 1.7. This was also found to be negligible
with respect to the two-quark transition. Lo Chong-Huah then used the second-
quantized MIT bag model to calculate the two-quark transition amplitudes show in
Fig 1.8. The prediction for the asymmetry parameter for &+ — pv is «, = -0.154.
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Figure 1.5: Single quark transition considered by Gilman and Wise [22].

Decay Predicted Measured [2]
branching ratio branching ratio
It - py 1.24 x 1073 (input) | 1.25 £ 0.07 x 1073
A — ny 2.2 x 1072 1.02 £ 0.33 x 1073
Z0 — Z% 9.1 x 1073 3.56 £ 0.43 x 1073
=0 - Ay 4.0 x 1073 1.06 + 0.16 x 1073
- — Ty 1.1 x 10-2 2.3 + 1.0 x 10~*
Q- = Z 4.1 x 1072 <2.2 x 1073
Q- — Z(1530) 7 45 x107% | )

Table 1.4: Gilman and Wise [22] predictions for hyperon radiative decay branching
ratios.
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Figure 1.6: 2-quark transition where the photon can be radiated from any line.

(o]

Figure 1.7: 3-quark transition.
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Figure 1.8: 2-quark transitions calculated by Lo Chong-Huah [24].
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" Decay Calculated BR | Calculated « Measured [2]
Sol'n. Sol’n. | Sol’'n. Sol’n. BR o
A B A B

S S py | 124~ 124° [-05~ -0.5° 125+ 007 -0.83%0.12
= -3y |1.20% 1.20 | -0.87 +0.56 | 0.23 £ 0.10

A—ny | 597 170 | -0.87 +0.25|1.02 + 0.33
20 %0y | 148 023 | -0.3 -0.99 |3.56 £ 0.43 +0.20 £ 0.32
T 5 Ay | 1.80  1.36 | -0.96 -0.45 | 1.06 + 0.16 +0.43 + 0.44
Q- —Z"y| 06 06 |-087 +0.56| <22

Table 1.5: Kamal and Verma [25] predictions for hyperon radiative decay branching
ratios (units of 1073) and asymmetries. The symbol * means the value was used as
input.

This is in disagreement with experiment [2](c, = —0.83 + 0.12).

Kamal and Verma [25] use a model involving the single quark transition, s — dy
(Fig. 1.5) and the two-quark transitions (Fig. 1.8.) They construct a three parameter
model using the known branching ratio and asymmetry parameter of X+ — pvy and
the then upper limit on the branching ratio of == — Y~ (branching ratio < 1.20
x 1073.) In their model, they saturate the rate I'(2~ — £~ .) Due to a quadratic
ambiguity in their model they get two sets of solutions. These are listed in Table 1.5.
There is a discrepancy with the branching ratios and asymmetry parameters for both
=0 — X% and Z° — Ay .

Verma and Sharma [26] reinvestigated the single- and two-quark transitions con-
tributing to hyperon radiative decays. They calculated the combined effect of the
diagrams in Fig 1.4 and Fig 1.6. The two parameters in the model are determined by
three different approaches, electroweak gauge theory, QCD effects and long-distance
effects. Each approach gives a different ratio of the two parameters. The branching
ratio of =~ — Y7+ is used to fix one of these parameters. Therefore for each of the

approaches both parameters are determined. The results are given in Table 1.6 and

Table 1.7.
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Decay pure electroweak | QCD long | Measured [2]
two-quark gauge effects | distance
transitions theory effects
Tt - py 1.20 1.20 1.01 1.37 1.25 + 0.07
A — nvy 1.28 0.95 0.357 1.66 1.02 + 0.33
=0 — Ay 0.70 0.36 0.29 0.57 1.06 + 0.16
=0 — X0y 2.62 4.43 4.58 4.06 3.56 £ 0.43
0~ - E7y 0 0.52 0.52 0.52 <2.2

Table 1.6: Predicted branching ratios (units of 1073) from Verma and Sharma [26].
These results included both single and two-quark transitions.

Decay pure electroweak | QCD long Measured [2]
two-quark gauge effects | distance
transitions theory effects
It — py -0.30 -0.59 -0.56 -0.55 -0.83 £ 0.12
A - ny +0.58 -0.66 -0.51 -0.52
=0 - Ay +1.00 +0.87 +1.00 | +0.74 | 4+0.43 + 0.44
=0 — X0y +0.96 +0.90 +0.97 | +0.81 | 40.20 + 0.32
== 5 By 0 +0.44 | +1.00 -0.44
Q- - ="y 0 +0.44 +1.00 | -.044

Table 1.7: Predicted asymmetries from Verma and Sharma [26]. These results in-
cluded both single and two-quark transitions.
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Figure 1.9: Photo-penguin diagram in hyperon radiative decays.

There is another class of diagrams that can contribute to hyperon radiative decays.
These are the variants of the penguin diagrams called photo-penguins, shown in
Fig. 1.9. It has been suggested [27, 28, 29, 30, 31] that penguin diagrams are believed
to play a role in the Al = -;- rule and € /e ratio in neutral kaon decays. Kamath [32]
calculates the contribution of the penguin diagram of Fig. 1.9 to the decays =~ — L™«
and 1 — Z7v . Kamath uses a non-relativistic quark model with negative parity
baryons. The results are that the branching ratio of £~ — X~v is 1.257a?(p) x
10~° and the branching ratio of &~ — =77 is 0.53 a?(p) x 1073, where a(y) is an
enhancement coefficient which depends on the renormalization mass. The value of
a(p) can not be calculated with great accuracy but is estimated to be about -0.08.
This gives for a branching ratio for 2~ — T~y of ~ 1077 and for O~ — Zy ~
1075, The measured [2] branching ratio of == — ¥~v , (2.3%1.0) x 107%, is in
disagreement with these calculations. Eeg [33] also calculates the contribution of the
penguin diagrams in Fig. 1.9 to the branching ratio of = — X7y and I~ —» =%
. Eeg uses a pole model calculation with negative parity resonances and bag model
matrix elements. The results are similar to Kamath, the branching ratioof &= — 7+
is ~ 1078 - 10”7 and the branching ratio of = — =77 is ~ 1075 - 1074,
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Figure 1.10: Penguin diagram analyzed by Gaillard, Li and Rudaz.

F s
BR(Zt — pv) Q5+ —apy _%R—'(gg;—)—zrﬂ Az- 5y -
case 1 2 x 1079 - 107° -0.6 - -0.3 0.4-0.2 0.7 |
case 2 2 x 107° - 10-¢ -0.84 : 0.7 +0.47
Measured [2] | 1.25 & 0.07 x 107° [-0.83 &+ 0.12 | 3.6 - 10.2

Table 1.8: Predictions of Gaillard, Li and Rudaz [34].

Gaillard, Li and Rudaz [34] studied the contribution from the diagram in Fig. 1.10.
They used the MIT bag model with a range of values of the strong coupling constant,
as; = 0.5 - 10 (case 1.) They also used a more complicated model taking into account
the static color field (case 2.) For case 2, the results are evaluated at a, = 3. The
results are given in Table 1.8

Hyperon radiative decays can also be analyzed in terms of QCD sum rules. Gold-
man and Escobar [35] look at the short distance contribution s — dv in the de-
cays ¥ — py and =~ — X~ . Khatsymovsky [36, 37] and Balitsky, Braun and
Kolesnichenko [38] also use QCD sum rules to calculate branching ratios and asymme-
tries of hyperon radiative decays. The results are given in Table 1.9 and Table 1.10.
Balitsky’s et al [38] predictions agree well with the current experimental values.

Zenczykowski [39] used a combined symmetry/vector dominance model to predict

branching ratios and asymmetry parameters for hyperon radiative decays. He relates
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| _Reference Tt 5py |2 53T | ' Ay | Aﬁnv_JQ”——eE‘*y[

Goldman [35] 0.047 0.002

Khats. [36] 0.08 0.20 0.23
Khats. [37] 1.1 2-3

Balitsky [38] | 0.5-1.5

Measured [2] | 1.25 £ 0.07 | 0.23 + 0.10 | 1.06 & 0.16 | 1.02 4 0.33 < 2.2

Table 1.9: QCD sum rule predictions for branching ratios of hyperon radiative decays

in units of 1073,

=0 5 Ay | A—-ny
L

H Reference Tt — py lE" — X7y
[ Goldman [35] 1.0 [ +09
Khatsymovsky [36] +1.0 +0.4
Khatsymovsky [37] +0.9 +0.10 - +0.15
Balitsky [38] -0.85 + 0.15
Measured [2 -0.83 + 0.12 _ +0.43 £+ 0.44

Table 1.10: QCD sum rule predictions for asymmetry parameters of hyperon radiative

decays.
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Decay Predicted Measured [2]
branching ratio a branching ratio a
Y 1.33 096 | 125+ 007 -0.83 £ 0.12
A — nvy 0.86 +0.83 1.02 £ 0.33
=0 - Ay 0.86 +0.71 1.06 &+ 0.16 +0.43 + 0.44
=0 — X% 3.17 -0.41 3.56 + 0.43 +0.20 £ 0.32
=T Xy 0.27 +0.59 | 0.23 +0.10

Table 1.11: Best results of fit to hyperon radiative decay data from the combined
symmetry/vector dominance model of Zenczykowski [39]. The branching ratios are
in units of 1073.

hyperon radiative decays Y — B+~ to hyperon non-leptonic decays Y — B+ 7. See
Fig. 1.11 which shows the quark diagrams relating these two processes. Non-leptonic
decays of the hyperons determine two of the three parameters in the parity-violating
amplitudes. The third parameter is determined by a fit to the data of the eight
measurements of hyperon radiative decays. The results of the best fit are given in
Table 1.11. The value of x? for the fit is 7.9 for 7 degrees-of-freedom. The model
does quite well in describing the data. The largest deviation is a 2 standard deviation
effect in a for Z° — X% .

It has been suggested by Ahmed and Ross [40] and Vasanti [13] that hyperon
radiative decays might be a likely place to search for right-handed currents. Shifman,
Vainshtein and Zakharov [41] found that the coefficients occurring in the operator
product expansion for right-handed currents are small. They concluded that right-

handed currents are unimportant in hyperon radiative decays.
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Y-»BY7

vector meson p, w, ¢

Y->BTT

Figure 1.11: Zenczykowski’s combined symmetry/vector dominance model approach
of relating Y — B+ 9 to Y — B + w. For hyperon radiative decays the photon
couples to the vector mesons, p, w, or ¢.
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Figure 1.12: Missing-mass-squared distribution, m? assuming £t — p + z. from
Gershwin et al [5].

1.2 Previous Experiments

1.2.1 Asymmetry Parameter X — pvy

The first experiment to report on the asymmetry parameter for £+ — pvy was Gersh-
win et al [5] in 1969. This experiment was performed in the Berkeley 25-inch hydro-
gen bubble chamber. The I+ were produced by stopping K~ in the hydrogen bubble

chamber target via the reaction
K~p — A(1520) — Z*n~

The momentum range of the K~ was 290 - 470 MeV/c but most of the events were
around 390 MeV/c. The I+ were produced polarized by the interference of the
resonant D-wave amplitude and S-wave background. The polarization was ~40%.
They took 1.3 x 108 pictures of which 57,000 were of the form ¥+ — p + neutral.
They had a final sample of 61 & — py events. The missing-mass-squared distribution
(m? assuming £+ — p + =z.) is shown in Fig. 1.12. The resolution in missing-mass-
squared was 0.0018 - 0.0036 GeV?/c! depending on whether the decay proton was
stopped in the bubble chamber. They found o, = —1.03¥3:52.

Manz et al [4] in 1980 reported a second measurement of a.,. This experiment
was performed at the CERN PS using the HY peron BUbble Chamber(HYBUC.) The
bubble chamber was 11 cm in diameter and 32 cm long and filled with hydrogen. The
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Figure 1.13: Missing-mass-squared distribution, m? assuming ¥* — p + z. from
Manz et ol [4].

T+ were produced in the reaction
Kp—3ta™

with a K~ momentum of 420 - 500 MeV /c. They took 2 x 108 pictures of which 35,832
fitted the hypothesis I+ — p + neutral. Their missing-mass-squared distribution is

shown in Fig. 1.13. They had a missing-mass-squared resolution of 0.005 GeV?/c*.

They collected a tot'a.l of 46 ©+ — pv events and found o, = —0.5313:35.

The latest experiment o report a value of a, is Kobayashi ef al [3] in 1987.
This was the first experiment to use counter techniques to measure the asymmetry
parameter. They produced polarized X in the reaction

7tp - STKT
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Definition of acoplanarity and dip angle. 7obs:
direction of the observed y ray; 7exp: direction of the y ray
kinematically expected from the observed proton and z* mo-
menta. The decay plane is defined by the directions of proton
and Z°.

Figure 1.14: Acoplanarity and dip angle used to isolate ¥+ — pvy from Kobayashi et
al [3]. '

inside a liquid hydrogen target. The momentum of the =% was 1.7 GeV/c. The
polarization was ~87%. They isolated a signal using the mass of the missing neutral
and the direction of photon as measured in the apparatus. See Fig. 1.14. The direction
of the photon as measured, v.,, defines two quantities, the acoplanarity and dip angle.
The acoplanarity measures the angle between the observed photon direction and the
plane defined by the % and proton tracks. The dip angle measures the angle in the
plane of the T and proton between the observed photon direction and the expected
direction of the photon assuming the decay Z* — p7y . One expects to find Tt — py
events to be concentrated at the origin of the dip angle - acoplanarity plane. Shown in
Fig. 1.15 is the dip angle distributions of £+ — py . As can be seen, there are peaks
at a value of zero corresponding to the decay £* — pvy . The upper distribution is
for positive cosf, and the lower for negative cosf,. The angle 8, is the angle between
the momentum of the proton and the ¥+ polarization in the center of mass. They
obtained a total sample of 190 events and found o, = —0.86 £ 0.13(statistical) & 0.04

(systematic).
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Dip-angle distributions of the y rays after the aco-
planarity cut sclecting the events with |acoplanarity | <120
mrad. Two subsets of the data with positive cos, (above) and
with ncgative cosy, (below) arc shown together with the es-
timated background shapes (solid lines) and the distributions
of events after the “off-centered™ acoplanarity cut (hatched
distributions). See text for details.

Figure 1.15: Dip angle distributions for two sets of data with positive cosf, and

negative cosf,. (f, is the center of mass angle between the £+ polarization direction
and the proton momentum. From Kobayashi et al [3].



24

0.0
-0.2 -
-0.4 -

-0.8 1 . %
-1.0 4

1.2
1.4
1.6 -
1.8 -
-2.0 T T — * T
1960 1970 1980 1990
Year

Alpha gamma

Figure 1.16: o, for Z* — pv from previous experiments.

These three experiments are summarized in Fig. 1.16. Kobayashi et al performed
quite a good experiment considering they had a total of 190 events. The large polar-

ization of the T* is the reason for such a small error in a,.

1.2.2 Branching Ratio ¥+ — pvy

The first experiment to report a value for the branching ratio of ©* — pvy was that
of Bazin et al [9] in 1965. They produced £* using stopped K~ via the reaction

Kp—Xtn~

The experiment was performed in the 30-inch Columbia-Brookhaven bubble chamber.
They found a total of 24 events and a branching ratio of (1.91 + 0.41) x 10~3. All of
these experiments (except Kobayashi et al [3]) actually measure the ratio of branching
ratios Br{(S+ — py )/Br{Z* —pn® ). These have been converted to Br(Z+ — pvy )
for clarity.

Gershwin et al [5] (described in section 1.2.1) also reported a value for the branch-
ing ratio. They found Br(Z+ — py } = (1.42 £ 0.26) x 1072 from a sample of 31

¥+ — pvy events.
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Ang et al [8] in 1969 measured Br(X* — py ) and obtained a value of (1.08 +
0.15) x 1073, They also produced ¥* using a stopped K~ beam in the reaction

K p—Xtr™

Their experiment was performed in the 81-cm CERN-Saclay bubble chamber. They
observed a total of 45 £t — pv events

Manz et al [4], described before in section 1.2.1, found Br(X*+ — py ) = (1.09 £
0.20) x 1072 using 46 events.

The first counter experiment, Biagi et al [7], to measure the branching ratio of
Y+ — pv reported a result in 1985. This experiment was performed in the CERN SPS
charged hyperon beam. They measured a total of 155 events which yields Br(Z+ —
py ) = (1.27 £ 0.17) x 1073,

Kobayashi et al [3], described before in section 1.2.1, found Br(Z* — py ) = (1.30
+ 0.15) x 1072 from 190 events.

Hessey et al [6] collected a sample of 408 £+ — pv events in 1989. They produced
£+ by stopping K~ in a liquid hydrogen target via the reaction

Kp—Xtr-

They found a value of the Br(2* — py )= (1.45 & 0.26) x 1073.

The results of these seven experiments are summarized in Fig. 1.17.

1.3 Summary

Current theoretical models are not sufficiently well-rounded to describe, quantita-
tively, the decay ¥+ — pv , and other hyperon radiative decays. Many theories of
other forms of radiative decays require accurate values of the branching ratio and
asymmetry parameter for the decay ¥+ — pv as parameters. It is important that
greatly improved values of the branching ratio and the asymmetry parameter for the
decay ¥ — p«v be obtained by carrying out a new experiment with high statistical

accuracy and low systematic errors.
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Chapter 2

Experimental Apparatus

2.1 Introduction

The goal of the experiment was a high-precision measurement of the asymmetry
parameter and branching ratio for the decay ¥* — pv . Before the experiment was
performed we knew that the primary background would be from the decay T+ —pn?®
followed by 7 — vv. This background occurs at a rate about four hundred times
the rate for ¥* — py . The decay modes have similar kinematics and differ only by
the additional photon. This experiment was specifically designed to overcome these
difficulties. We produced polarized £* in the high rate (~ 2 KHz £*) Fermilab proton
center charged hyperon beam. The polarization could be reversed thus allowing biases
in the apparatus to be cancelled. The mean X+ momentum was 375 GeV/c. This
corresponds to a mean decay length of 7.6 meters. This allowed us to measure the
Y+ track with precision. We constructed high resolution spectrometers for both the
¥*. and p-tracks from ¥* — py . This gave us excellent missing-mass-resolution. A
separate photon spectrometer was used to separate single photon events from two-

photon events.

27
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Figure 2.1: Schematic diagram (plan view) of PC3 enclosure. Positive targeting angle
is shown.

2.2 Proton Center Beamline

The experiment was set up in the Proton Center beamline at Fermilab. A schematic
diagram of the pre-target (PC3) area is given in Fig. 2.1. A series of quadrupole
magnets focused the 800 GeV /c proton beam onto our target (described later.) The
beam spot size of 0.5 mm horizontally and 1 mm vertically matched well the size of
our target. Expeiiment 761 ran with ~8 x 10! protons/spill on target. Each beam
pulse was 23 sec long and occurred every 57 sec (40% duty factor).

To measure the asymmetry we needed a polarized beam of * particles. We

produced polarized T* in the inclusive reaction

P+ Cu — Tt 4 anything
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by steering the incoming proton beam onto the production target at a finite pro-
duction angle (which we called the targeting angle.) Hyperon polarization in inclu-
sive reactions was first observed [42] in A production. Many experiments have been
performed since then that have studied hyperon polarization [43, 44, 45, 46]. It is
observed that the production polarization is consistent with parity conservation of
the strong interaction. That is, the polarization direction, P , is along the direction

given by the cross product
P o g, x p7 (2.1)

where p, is the incoming proton momentum direction and py- is the outgoing hyperon
momentum direction. The Basel convention [47] defines that positive polarization is
along the direction given in equation 2.1.

We obtained a finite targeting angle by bending the proton beam with the first
dipole magnet. Then, with the four dipoles near the target,the beam was bent in the
opposite direction back onto the target. Positive targeting angle by our convention is
shown in Fig. 2.1. In our experiment data were taken with complimentary horizontal
targeting angles near 4 mrad. This provided two sets of data with the ¥+ polariza-
tion up and down. We could then cancel instrumental false asymmetries (biases) by

averaging over the two data sets.

2.3 Hyperon Magnet and Channel

An overview of the full experimental setup is shown in Fig 2.2. Also shown in Fig 2.2 is
the coordinate system used in E761. The z-axis pointed along the ©* beam direction.
The y-axis pointed up (opposite to the local direction of gravity.) The x-axis pointed
in a direction to form a right-handed coordinate system (¢ x § = 2.) That is the
x-axis pointed left (west) while looking downstream. The z-origin was at the location
of SD3.

The 800 GeV/c proton beam struck the one-interaction length Cu target at a
finite targeting angle. The target is shown in Fig 2.3. The target was 2 mm high
vertically and 0.6 mm wide horizontally. The width of the target was made narrow

horizontally (bend plane) to achieve good momentum resolution. Requiring that the
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Figure 2.4: The hyperon magnet channel [48] used to define the hyperon beam. The
channel was embedded inside the hyperon magnet. Figure taken from reference [48].

particles be produced in the target improved the momentum resolution by about a
factor of two.

The hyperon beam was collimated by the hyperon magnet channel [48]. A diagram
of the channel is given in Fig 2.4. The channel was embedded within the hyperon
magnet. The hyperon magnet is a 7.3 m long dipole magnet which we ran at a field
of ~35 kG (p: kick ~-7.5 GeV/c.) At that field, the secondary hyperon momentum
had a central momentum ~375 GeV/c. At the channel exit the beam momentum
spread was Ap/p = 14% (full width at the base.) The size of the beam at the exit
was 0.9 cm (y) x 0.36 cm (x.) The beam subtended a solid angle of 0.64 usr. There
were 2% X% in the beam at the exit of the channel with the rest of the beam mostly

being made up of long-lived particles such as protons and pions.
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2.4 Hyperon Spectrometer

The hyperon spectrometer was used to measure the X* track and momentum. A
schematic diagram of the hyperon spectrometer is given in Fig 2.5. It is made up
of three stations of silicon strip detector (SD1, SD2 and SD3) and 1 BM109 mag-
net (second hyperon magnet.) A BM109 magnet is a 2 m Fermilab magnet with a
horizontal aperture of 61 cm and a vertical aperture of 20 cm. Each SD station was
made up of 3 planes of detector, X, Y and V, where the V plane is rotated £45°
with respect to X and Y. The silicon planes were 300um thick with 50pm pitch. The
pe kick of the second hyperon magnet was 1.43 GeV/c. The momentum resolution
(0p/p) of the hyperon spectrometer was 0.7%. The angular resolution (o) was 12
prad in horizontal (x) angle and 5 prad in vertical (y) angle. These resolutions are
the errors determined from the error matrix of the fit tracks appropriately increased
by the square root of reduced x?. The resolution of each plane used in the fit is the
strip spacing divided by +/12.
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Figure 2.6: The baryon spectrometer (plan view) used to measure the proton track.

2.5 Baryon Spectrometer

The baryon spectrometer was used to measure the proton track and momentum. A
schematic diagram of the baryon spectrometer is given in Fig 2.6. It is made up.
of four stations of proportional wire chamber (WA, WB, WC and WD) and three
BM109 magnets (analyzing magnets.) The three stations, WA, WB and WC were
‘each made up eight planes of proportional wire chamber X, Y, X, Y, U, V, U and
V where U and V were rotated 345° with respect to X and Y. The wire spacing for
WA, WB and WC was 1 mm. The WD station was made up of six planes X, Y, X,
Y, U and V. The wire spacing for the WD station was 2 mm. The combined p, kick
of the analyzing magnets was -2.46 GeV/c. The momentum resolution (o,/p) of the

baryon spectrometer was 0.2%. The angular resolution (o) was 9 urad in horizontal
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(x) angle and 6 prad in vertical (y) angle. These resolutions are the errors determined
from the error matrix of the fit tracks appropriately increased by the square root of

reduced x2. The resolution of each plane used in the fit is the wire spacing divided

by V12.

2.6 Missing Neutral Mass Squared Resolution

Using a Monte Carlo calculation of our apparatus to simulate the experiment we
can reconstruct the missing neutral (#° or 4) mass squared assuming L+ —pX .
The resolution from the Monte Carlo calculation using only the hyperon and baryon
spectrometers was 0.0026 GeV?2/c!. There was a seven standard deviation separation
between m2, and m2. However, we expected in the real data, there would be non-

Gaussian contributions in the tails making this separation much less clear.

2.7 Photon Spectrometer

The photon spectrometer was used to measure the photon position and energy. It
was a separated-function detector, that is, the energy measurement and the position
measurement were made in different detectors. A diagram of the photon spectrometer
is given in Fig 2.7. The photon would initiate a shower in one of two 1 inch thick
steel plates. Each steel plate was 1.44 radiation lengths thick. The probability of
a photon initiating a shower in the steel plates was about 89conversion length or
9/7 times the radiation length. This was confirmed by the Electromagnetic Gamma
Shower (EGS3) Monte Carlo. We used steel instead of lead because steel was much
easier to work with than lead. For the size of steel we wanted lead would not have
been as self-supporting as steel. We could also get steel in a uniform thickness of
any size. There was a 7.5 x 7.5 cm? hole in each steel plate to let the protons pass
through. Behind each steel plate was one proportional wire chamber (PWC) and
two modules of transition radiation detector (TRD.) Each PWC was a normal wire
chamber (XY readout) with 2 mm wire spacing. The TRD were special chambers

plus radiators used to measure the position of the high-energy charged component of
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the shower [49]. A schematic diagram of one module of TRD is shown in Fig 2.8.

The position of the photon was measured by initiating an electromagnetic shower
in one of the steel plates. Within this shower there was usually a high-energy e~ (in
this section when e~ is written this also means e*) produced. This e~ follows closely
the original photon direction. The angle between the e~ and the original photon
direction is ~ m./E. where m, is the mass of the electron and E, is the energy of the
e~. When a high-energy charged particle (e in this case) crosses a dielectric media
boundary, it produces transition radiation X-rays. In E761 the dielectric media was a
radiator consisting of 210 polypropylene foils 17 gm thick with 1 mm air gaps between
them. The transition radiation X-rays also follow closely the e~ trajectory. The angle
between the transition radiation X-rays and the original photon direction is ~ m./E..
The position of these X-rays was measured in wire chambers that used a gas mixture
of 70% Xe and 30% CH,. To insure uniform gas gain throughout the chamber we
used special compensating gas volumes. CO, was flowed at a slightly higher pressure
on both sides of the cathode planes. This prevented the cathode planes from bulging
out due to the higher density of Xe with respect to air. The response of one module
of TRD versus Lorentz v factor [49] is given in Fig 2.9. As can be seen the TRD
is sensitive to e~ with energies above 2.5 GeV. The average energy of the photon
for &% — pv is ~ 50 GeV. From Fig 2.9 the average number of pulses from an e~
with an energy greater than 2.5 GeV is ~2. Each module of TRD measured either
X or Y and had 2 mm wire spacing. The normal PWC was used to supplement the
information from the TRD. There was a total of 8 planes of PWC and TRD in the
photon spectrometer. The active area of these chambers was 57.6 x 57.6 cm?.

The photon energy was measured in a photon calorimeter and a rear lead glass
array. The photon calorimeter consisted of 3 arrays, front lead glass, main lead glass
and BGO. See Fig 2.2.

The front lead glass consisted of 16 blocks of lead glass arranged as a wall shown
in Fig. 2.10. The F2 type blocks were 10.08 x 10.08 x 38.4 cm®. The radiation length
of the blocks was 3.2 cm. The array covered an area approximately 80 x 80 cm?.
The thickness of the array along the beam direction was 10.08 cm. There was a hole
12.5 x 12.5 cm? in the front wall to let the protons pass through.
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The main array lead glass consisted of 76 lead glass blocks arranged as in Fig. 2.11.
These blocks are of the same type as for the front lead glass array. For the main array
the blocks were stacked with their long axis along the beam direction. This array
covered an area approximately 90 x 90 cm?. The thickness of the array along the
beam direction was 12 radiation lengths plus 3.2 radiation lengths for the front wall.
We would like to thank the Rutgers group for loaning us their lead glass.

There was a hole 12.5 x 12.5 cm? within the main lead glass array. This hole was
lined with BGO (BiyGe30,3) crystals. The crystals were 2.50 x 2.50 x 20.0 cm®
The long axis of the crystals was along the beam direction. The radiation length of
BGO is 1.12 cm. This means that there was 17.9 radiation lengths of BGO along the
beam direction. There was a hole in the BGO array 7.5 x 7.5 cm? to let the protons
pass through.

The size of the hole in the steel plates and the BGO was determined as follows.
In the laboratory frame the angular distribution of the decay proton and photon is
centered about the hole. Because the photon has zero rest mass its decay cone is a
full sphere. That is a photon can come off at any angle in the laboratory frame. The
proton distribution on the other hand has a maximum opening angle. Using a Monte
Carlo calculation the size of the hole was determined that maximized the number of
decay protons that go into the hole and the number of photons that are outside the
hole. This size was found to be 7.5 x 7.5 cm?. BGO was used to line the hole because
of its short radiation length. The BGO could contain showers that initiated much
closer to the hole than if lead glass were used.

For photons that did go into the hole a rear lead glass array was set up ~53 m
downstream of the main lead glass array. A diagram of the rear lead glass array is
given in Fig. 2.12. Just downstream of the main lead glass array were 3 magnets
with a horizontal aperture of 61 cm and a vertical aperture of 20 cm. These magnets
swept the protons away from the photons. Therefore the rear lead glass array would
not intercept any of these protons. The rear lead glass array consisted of 4 blocks 20
x 20 x 40 cm® each. The long axis was along the beam direction.

Helium-filled polyethylene bags were placed within the decay volume (between
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Figure 2.12: The rear lead glass array used to measure the energy of photons that
went into the hole of the main lead glass array.

SD3 and WA) and between WA station and the first steel plate in the photon spec-
trometer. These were used to reduce the effects of multiple coulomb scattering thereby
improving the resolution of the baryon spectrometer. It also reduced the number of

interactions that could produce photon triggers.



Chapter 3

Trigger and Data Acquisition
System (DAQ)

The goal of the experiment was a high precision measurement of the asymmetry
parameter and branching ratio of ¥t — py . The dominant background at the
trigger level was interactions producing photons and £+ —p#® with 7° — 44 decays.
They were approximately equal at the trigger level. After event reconstruction the
dominant background was £+ —pn® with #° — 4. The ¥+ —pn? background was
useful for 3 reasons. One, we needed it to measure the polarization of the £+ beam.
The a parameter for the decay X+ —pn® is known. Therefore the polarization can be
determined from the angular distribution of the decay proton given by equation 1.1.
Two, it was needed as the normalization for the branching ratio. By measuring the
number of £t —p7¥ decays we could determine the number of £* in the beam given
the known branching ratio of 5+ —spx® . Three, it was useful to perform systematics
studies. It was also useful for studying detector response. For these reasons our

0 events.

philosophy for the trigger was to make no online cuts to remove L+ —pw
The Data Acquisition system (DAQ) was built such that it could record the large rate
of interactions and L+ —pn® decays to tape along with the small number of T+ —
pY -

The idea of the trigger was to require each particle in the decay &+ — py . We

used scintillation counters to require a particle go through the hyperon and baryon

44



45

_ N . g,
Z ¥ I o Ulql rff
t { z i i 1 \E
o | 2
o A o & 2
@ B > =
! X
. 10 cm—=
Second hyperon
| Z
magnet I
100 cm

Figure 3.1: The position of the T1 trigger scintillators within the hyperon spectrom-
eter. T1 was defined as T1 = Bl - B2 - B3 - VH2 + VHS3.

spectrometers. We required a neutral shower start in the steel plates. We demanded
there be >5 GeV of energy in the photon calorimeter. We also accepted about ~1%

of beam tracks for alignment checks and studies.

3.1 Trigger

The trigger was .set up in a three level system, T1, T2 and T3. Each level was a
requirement that there be one particle from the decay X+ — pv . Each level of the
trigger required the previous level to fire. A T3 trigger finally caused the event to be

readout.

3.1.1 T1

The T1 trigger is shown in Fig. 3.1. The T1 trigger was a coincidence of scintillation
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counters requiring a beam track within the phase space of the beam exiting the

hyperon magnet channel. The T1 trigger was defined as
T1=B1-B2-B3-VH2 + VH3

where B1, B2, B3, VH2 and VH3 were scintillation counters within the hyperon
spectrometer. We ran the experiment with ~100,000 T1 triggers per second through
the apparatus.

3.1.2 T2

The second level trigger, T2, required a photon in the event. At first the trigger
counters were placed in the configuration shown in Fig. 3.2 This preliminary T2

trigger was defined as

T2=T1 . [(CV1-CS3)+
(CV1-CS3- (> 10GeV rear lead glass))]

where CV1 and CS3 are scintillation counters in the photon spectrometer and >10
GeV rear lead glass means there must be more than 10 GeV of energy deposited in
the rear lead glass array. The trigger rate for this trigger was 7% of the beam rate
(T1.) This was much too high to perform the experiment. Most of these events were
interactions and thus not useful. We started with this trigger because it would be
very efficient for photons. There were 3 radiation lengths of steel and 3 radiation
lengths of lead glass before the trigger scintillation counter CS3. Therefore virtually
all photons would have converted by CS3. What we found was that there were too
many interactions of the beam in the material after the veto counter CV1 and before
CS3. Also there were many interactions that deposited energy in the rear lead glass
array.

The first trigger improvement was to place the trigger counters on either side of
the steel plates. See Fig. 3.3 for a diagram of the final position of the T2 trigger

counters. A T2 trigger was now defined as

T2=T1 - [(CVI-S1)+
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(V2

2-82)+
(CV1.81

-V2-.82 . (> 10GeV rear lead glass))]

where CV1, S1, V2 and S2 are scintillation counters shown in Fig. 3.3. The trigger
rate was now 4% of the beam rate. This now required a neutral particle to shower in
the steel plates. One problem with this trigger was that interactions downstream of
the analyzing magnets would deposit energy in the rear lead glass array. To remove
at least charged particles depositing energy in the rear lead glass array we installed a

scintillation counter, RPBGV, in front of the rear lead glass array. We put it in veto

in the third component of the T2 trigger, ie

T2=T1 - [(CVI-S1)+
(V2-82) +

(CV1-S1-V2.82-RPBGV - (> 10GeV rear lead glass)))

The trigger rate of this trigger was then 2.5% of the beam rate.

Another problem we had with the trigger was scraping of the beam on the steel
plates. This was a problem because the size of the beam was the same size horizontally
as the hole in the steel plates. A particle would miss the veto counter scintillator,
CV1, near the edge but hit the edge of the steel plate. This would initiate a shower
and mimic the trigger. To remove these events we made the hole in the CV1 veto
counter smaller horizontally by installing a small counter just at the edge of the hole.
This smaller scintillator was put in OR with CV1. The hole in the scintillator was
made 65 mm horizontally and the size of the hole in the steel plate was 75 mm. CV1

veto was also put in veto for showers in the second piece of steel, ie

T2=T1 - [(CVI-S1)+
(CV1-V2.82)+

(CV1-S1-V2.52-RPBGV - (> 10GeV rear lead glass))]

The trigger rate for this trigger was 2% of the beam rate.
The next improvement in the trigger was the addition of a P (for proton) scintil-

lation counter in the level three trigger. See next section on T3 trigger. The trigger
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would require a high momentum charged track, a proton from the decay £+ — pv or
%+ —p7r° . See Fig. 3.3 for the position of the P counter. The kinematics of &+ —
p7y and T+ —pn? are so similar that the phase space of the protons overlap for both
decays. The resulting trigger rate was 1.7% of the beam rate.

We determined that the rear photon trigger, ie the component of the T2 trigger

CV1-51-V2.52-RPBGV - (> 10GeV rear lead glass)
did not contain much useful physics. We analyzed these events during the run and
found that many of the events did not reconstruct as L+ —pn®. These triggers were
dominated by interactions in the air upstream of the rear lead glass array. For the
asymmetry parameter measurement they were useless. A rear photon trigger from
¥+ — py means the decay proton went backwards in the center of mass (cosf™ =~
—1}. 6™ is the angle between the z-axis and the proton direction in the center of
mass. If cosfi™ =~ ~1 then cosf;™ =~ 0. The asymmetry parameter measures the slope
in the cosf;™ plot. Events at cosf;™ = 0 have no analyzing power in the determination
the slope of the distribution. Also, because the photon went into the hole in the steel
plate, the TRD can not be used to measure the position of the photon. It would be
difficult to isolate ¥* — p~ in rear photon triggers. For these reasons we prescaled
rear photon triggers by a factor of four. We accepted one in every four rear photon

events. The final T2 trigger was

T2=T1 - [(CVI-S1)+
(CV1-V2-.52) +

(CV1:.81-V2.S2-RPBGV - (> 10GeV rear lead glass))prescaled 4]

This gave a final trigger rate of 1.4% of the beam rate.

3.1.3 T3

The T3 level trigger would begin the readout of the event. The T3 trigger required a

high momentum downstream track. The T3 trigger started out as

T3 = [T2- P - RATP] + TIPS
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where P is a scintillation counter behind wire chamber WD where the protons went,
RATP is the rationer and T1PS is a T1 prescale event (1 in 8192 T1 triggers.) The
P counter required a particle in the baryon spectrometer. The rationer, RATP, was
used to require that 2 particles did not go through the apparatus within a 400 nsec
time window. The 400 nsec time window was to cover the drift time in the TRD.
The T1PS trigger rate was ~1% of the T3 trigger rate and thus caused no problem
in terms of deadtime. We used The T1PS events for alignment and detector studies.

The last improvement to the trigger was to add to level T3 a minimum energy
cut on the energy deposited in the photon calorimeter and rear lead glass array. We
réquired > 5 GeV energy in the photon calorimeter or the rear lead glass array. The

final T3 trigger was
T3 = [T2-P-RATP- > 5GeV energy in photon calorimeter] + T1PS

This removed events where a low energy photon was produced in an interaction. The
final T3 trigger rate was ~0.8% of the beam rate. Twenty-four percent of T3 triggers

reconstructed as good T+ —pn® .

3.1.4 Trigger Hardware

The first and second level of trigger were set up in the experimental enclosure (PC4)
with the detector. This made it impossible to make adjustments to the trigger while
the proton beam was on. The first level trigger would need to make a decision within
900 nsec of a particle passing through the SSD. The time 900 nsec is the maximum
amount of time that the data from the SSD and PWC could be stored in the readout
electronics. This did not allow us enough time to send the signals to the counting
room and back to the SSD and PWC. Therefore the first and second level triggers
was placed next to the apparatus. The third level trigger was set up in the counting
room where one could make adjustments while the proton beam was on.

The trigger was constructed around a LeCroy model 4508 Programmable Lookup
Unit (PLU) [50]. This unit was a programmable CAMAC module under control from
a Digital Equipment Corporation VAX 11/780 computer. See Fig. 3.4. Changing the
trigger involved running a program on the VAX to download a different trigger to the
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Figure 3.4: Schematic diagram of the E761 DAQ system. Data from the detectors
were readout of CAMAC into ACP nodes. Data were then written to 9-track tape.
Some of the data were transferred to a VAX 11/780 for monitoring.

PLU. A new trigger could be downloaded between beam spills (~40 sec) This was a

convenient and quick way to change the trigger.

3.2 DAQ

E761 ran during the first half of the Fermilab 1990-1992 fixed target run. The data
for the results presented here were collected during one month of running in May
1990. A schematic diagram of the the Data Acquisition (DAQ) system is shown in
Fig. 3.4. There were ~5,000 channels of silicon strip detector (SSD) and ~5,500
channels of proportional wire chamber (PWC) data read into our Chamber ReadOut
System (CROS.) The CROS was a CAMAC based readout system built by the St.
Petersburg Nuclear Physics Institute. There was 112 channels of photon calorimeter
Analog to Digital Converters (ADC), 72 channels of scalers and ~60 channels of
miscellaneous ADC, Time to Digital Converters (TDC) and latches.

A T3 trigger began the readout of an event. Data were read from CAMAC
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by a Fermilab Smart Crate Controller (SCC) [51, 52, 53, 54] to a buffer memory
(RBUF) [55, 56] in a VME crate. Each event was ~600 bytes long and took ~600
psec to readout. We were able to readout ~15,000 events per 23 second spill at 50%
deadtime. '

Data were transferred from the RBUF into 1 of 14 ACP (Advanced Computer
Program) [57, 58] nodes. Each node was running a version of the offline reconstruc-
tion. We were able to do a full reconstruction of ~10% of the data online. This was
invaluable in helping to monitor detector performance. This ACP "farm” had ~10
Million Instructions Per Second (MIPS) of compute power. Analyzed events were
then sent to a VAX 11/780 and a VAXstation 2000 for monitoring the experiment.

All data were written out to 6250 bpi 9-track tape. We were able to write 2-3
tapes per hour. Runs were taken in the following cycle, +, =, = and + targeting angle.
Each run was 3 tapes long. Once a day we would take alignment runs. These were
runs where the trigger was just a beam particle (T1 trigger.) Alignment runs were
taken with all combinations of the magnets on and off. These runs were used to align
the apparatus. In one month of running we wrote 872 tapes (221 million triggers) at

+ and - targeting angles.

3.3 Summary

We made many improvements to the trigger before we started taking data. As we
made improvements, the trigger rate would go down and thus we would increase the
intensity of the proton beam on the target to get more decays. At first we started
with 4 x 10!° protons/spill on target. When we had the final trigger we were able
to run at 8 x 10" protons/spill on target with reasonable deadtime. We stopped
here because we had reached our goal of 15,000 £+ — py per week. Also we could
no longer increase the intensity of the beam because we were limited to 1 x 10'?

protons/spill because of radiation in our counting rooms.



Chapter 4

Data Analysis

4.1 Outline

The data analysis scheme is shown in Fig. 4.1. The first step was to align the Silicon
Strip Detectors (SSD), Proportioﬁal Wire Chambers (PWC) and the Transition Ra-
diation Detectors (TRD.) The next step was to perform the momentum calibration
of the magnets. This involved assigning to each magnet its p; kick (magnetic field
integral.) Finally the energy calibration of the photon calorimeter was performed.
This involved determining the constants to multiply the signal from the calorimeter
blocks to yield the energy in each block. After these jobs were completed the data
were analyzed on the Amdahl mainframe computer at Fermilab. This analysis, Pass

1, took about 5 weeks to complete.

4.2 Alignment

The goal of the alignment was to bring all of the planes (SSD, PWC and TRD)
into one overall consistent coordinate system [59, 60]. See Fig 2.2 and section 2.3
for a discussion of the coordinate system used. This involved an iterative process of
changing the alignment constants and then reanalyzing the data again to check the

alignment. When the procedure converged the alignment was complete. At first a
track was constructed from hits on the 4 planes SD2X, SD2Y, WB2X and WB2Y.
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The fil ream
experiment
PGAM: good 2 track events w12th4
-0.01 ¢<m2 <0.01 GeV/c
Raw CAND: all good 2 track events
data

T1PS: prescale beam tracks
UNCOMP: uncompressed events
PRE: 1/50 CAND events

DST: all pre events in shorter
DST format

SPEC: special events

Alignment
caﬁbrjation

¥ YYVYYY ¥

Pass |1
reconstruction

Figure 4.1: Outline of data analysis scheme.
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Undecayed beam tracks were used for this. The residual (the difference between the
track position and hit) was plotted for each of the planes SD2U, SD3 planes, WA
planes, WT planes, TRD planes and the rest of the WB planes. From the residuals
distribution, offsets were determined. These offsets were input back into the constants
and the alignment procedure performed again. The alignment was complete when all
the residuals distribution were 0. The remaining planes in SD1, WC and WD were
aligned similarly using data with the second hyperon magnet and 3 analyzing magnets
off. The average value of the residual for all of the planes was 0.05¢0 where o is the
strip spacing or wire spacing divided by the 1/12. The largest residual was 0.17c.

4.3 Momentum Calibration

To measure the momentum of particles the magnetic field of each of the magnets must
be known. Before the experiment was performed field maps were taken of each of
the magnets in the experiment. Magnetic field integrals ( f Bdl) were then calculated
using these data for each magnet. These field integrals were translated into effective
p: kicks of the magnets. To determine the relative calibration of the p, kicks we
measured the momentum of undecayed beam tracks. The momentum measured by
the hyperon spectrometer and baryon spectrometer was adjusted to be the same. The
absolute momentum calibration was good to 0.3%. This was determined by using the
decays Tt —pn° and reconstructing the missing-mass-squared of the 7° from the &+
and proton track. The missing-mass-squared was examined as a function of the ratio

of proton momentum to ¥* momentum. From this method the absolute momentum
calibration could be checked.

4.4 Target Reconstruction

Before the experiment was performed the position of our target and the hyperon tar-
geting magnet was measured using accurate surveying instruments. This was then
used to determine the position of the target and hyperon magnet in the overall coor-

dinate system of the chambers. The p, kick of the hyperon magnet was determined
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by requiring undecayed beam tracks to originate from the target.

4.5 Photon Calorimeter Calibration

The first step in the calibration of the photon calorimeter lead glass and BGO was
to set the high voltage on each block such that 1 minimum ionizing particle would
deposit energy equivalent to a certain value of the pulse height from the block in
the photon calorimeter (10 counts above pedestal.) Using Xt —pn® , n° — v
events, the gain of each of the blocks was adjusted such that the total energy in
the photon calorimeter was equal to the momentum of the #° calculated from the
3+ and proton tracks. The energy resolution (¢z/E) of the photon calorimeter was
73%/1/E(GeV). The energy resolution of the photon calorimeter is poor compared
to what is expected from an ideal lead glass calorimeter, 5%//E(GeV) [61]. This
is not surprising. The gain adjustments used were preliminary and have not been
fine tuned. Also our calorimeter was hardly optimized for the best energy resolution.
Some of the problems causing the poor performance include; only 18 radiation lengths
of material, the first 3 radiation lengths (steel plates) were passive, a hole in the center

of the calorimeter and the escape of part of the total energy from the sides.

4.6 Passl Reconstruction

Passl reconstruction involved reconstructing one hyperon track in the hyperon spec-
trometer and one baryon track in the baryon spectrometer. A total of 299 runs (872
tapes), 153 at negative targeting angle and 146 at positive targeting angle were ana-
lyzed on the Amdahl computer at Fermilab. The analysis took five weeks of real time
to perform or 320 Amdahl CPU hours.

For each event, the offline reconstruction program tried to find one track in the
hyperon spectrometer and one track in the baryon spectrometer. Each track had
associated with it a reduced x? (x?/v) which indicated its goodness-of-fit. The re-
duced x? for the hyperon track, x% /v, is shown in Fig. 4.2. The average number of

degrees-of-freedom of the hyperon spectrometer is v = 4. For the analysis of the data
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Number of events

Hyperon x?

Figure 4.2: Distribution of hyperon track reduced x?,x%/v. The average number of
degrees-of-freedom is v = 4. The position of the cut is shown by the arrow.

we made a cut shown in Fig. 4.2 of x /v < 4. The reduced x? for the baryon track,
x%/v, is shown in Fig. 4.3. The average number of degrees-of-freedom of the baryon
spectrometer is ¥ = 25. For the analysis of the data we made a cut shown in Fig. 4.3
of x3 /v < 2. The average number of degrees-of-freedom is determined by subtracting
the number of parameters determined for each track (five) from the number of planes
with a hit found on the track (9 for SSD, and 30 for PWC).

The momentum distribution of the hyperon beam for positive targeting angle is
shown in Fig. 4.4. We made a cut in momentum of the hyperon beam of 325 <
hyperon momentum < 425 GeV/c. '

There are two variables that will be important in the analysis of the asymmetry
parameter, TY and TX. TY(TX) is the tangent of the laboratory angle between the
hyperon track and the z-axis in the y(x) - z plane at SD3. TY(TX) is also equal
to P,/P.(P./P,) where P, P, and P, are the three components of the momentum
vector. See Fig. 2.2 and section 2.3 for the definition of the E761 coordinate system
used in the offline analysis. The TY distributions for both positive and negative
targeting angle are shown in Fig. 4.5. These distributions are very similar. The TX

distributions for both positive and negative targeting angle are shown in Fig. 4.6.
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Figure 4.3: Distribution of baryon track reduced x?,x%/v. The average number of
degrees-of-freedom is v = 25. The position of the cut is shown by the arrow.

3
x10

400 F

320
240 -
160
80
I
"0 [ W S L |
280 360 440
Hyperon momentum (GgV /<)

Number of eveuts
1

Figure 4.4: Hyperon momentum (GeV/c) distribution for positive targeting angle.
The momentum cut shown by the arrows was made in the analysis.
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Figure 4.5: Distribution of TY angle (radians) of hyperon for positive(left) and neg-
ative(right) targeting angle. ‘

These distributions are quite different. There is a negative(positive) slope for the
positive(negative) targeting angle distribution. This is due to the different targeting
angles. The different slopes in the TX distributions are caused by the difference in
production spectrum for the two targeting angles and the dispersion caused by the
hyperon magnet.

The z vertex (z position of the decay of the hyperon track) is defined as the z
position of the distance of closest approach of the hyperon and baryon tracks. The
z vertex distribution is shown in Fig. 4.7 with respect to SD3, ie SD3 is at z = 0
on the plot. “The peak at 1400 em (WA) is due to decays downstream of WA for
which the offline reconstruction program assigns the wrong z vertex position. The
decay volume is between SD3 and WA. See Fig. 2.2 for a diagram of where the decay
volume is located. We make a cut on z vertex of 0 < z vertex < 1200 cm.

Another useful plot that we use many times is the 8,, - versus - r plot. ,, is the
opening angle between the hyperon and baryon track and r is the ratio of the baryon
momentum to hyperon momentum. Plotted in Fig. 4.8 is §,, - versus - r for a small
sample of our data. Two-body decays are characterized by a curved band distribution

in the §,, - versus - r plot. See Fig. 4.9 for a schematic representation of the 6,, -
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Figure 4.7: z vertex(cm) distribution of hyperon with respect to SD3. SD3 is at the
origin on this plot. The peak at 1400 cm (WA) is due to decays downstream of WA
for which the offline program assigned the wrong z vertex position. We make the cut
shown by the arrows.
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versus - T plot of the decays that are seen in these data. At the level of statistics
shown in Fig. 4.8 we only see decay & —pn® . We also see an excess of events near
6,p = 0 and r = 1. These events are interactions that produced a low energy neutral
particle that satisfied the trigger. Therefore we make the following cuts to remove
them. 6., > 100urad OR r < 0.97. We also require that r < 1.

From the hyperon track and the baryon track we reconstruct the mass-squared
of the missing neutral, m2 assuming the decay hypothesis £+ —pX . Shown in
Fig. 4.10 is the missing-mass-squared distribution for our full data sample. We see
in this sample the main peak at m2, = 0.0182 GeV?/c! with 48 x 10° T+ —pn" .
There is a shoulder at m.zf = 0. This shoulder contains 67 x 10> ¥ — pvy . There is
also a shoulder with 250 x 10 K+ — n*n® events. For £+ — pv this number was
determined by fitting the region around 0 to a Gaussian plus a background function.
For K* — w*#° this number was determined by forming the missing-mass-squared
assuming K+ — ntX and fitting the region around m?, = 0.0182 GeV?/c! to a

Gaussian plus a background.

4.7 Data Samples

There was a total of 210 x 10° data events analyzed in the passl reconstruction. See
Fig. 4.1 for a diagram of the analysis scheme. There were 97 x 10° candidate (CAND)
events output from passl. The two most important output data streams were PGAM
and PRE. One out of every 50 candidate events went to a separate sample called the
PRE sample for PREscaled candidates. There were 1.9 x 10° PRE events separated
into 2 samples of positive and negative targeting angle. The PGAM sample was
made by accepting only events with a missing-mass-squared around 0 where &+ —
py would be, -0.01 < mZ < 0.01 GeV?/c*. This sample contained 3.3 x 10° events
separated into 2 samples of positive and negative targeting angle.

From these two samples a., and Br(X* — pv ) were measured. Because o, and
Br(Z+ — pv ) are two separate measurements which have different requirements the

analysis for o, and Br(Z* — pv ) divides into 2 different analyses.
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Chapter 5
Asymmetry Parameter X1 — py

We determined a., using the “bias cancelling technique” [62]. The center of mass
(CM) angular distributions we measured are the theoretically expected distributions
multiplied by our experimental acceptance. We cancelled the acceptance using the
bias cancelling technique by comparing two sets of data, spin up and spin down.
We measured the polarization of the ¥t using the decay X+ —pn® and its known

asymmetry parameter. From this we determined c,.

5.1 Bias Cancelling Technique

The Bias Cancelling Technique uses two data samples with the polarization in op-
posite directions to cancel the acceptance of the apparatus and changes in the beam
phase space between the two data samples. The data samples are broken into bins of
phase space and the asymmetry is extracted from each of these bins. The asymmetry
is determined directly from the data by comparing spin up and spin down data. No
Monte Carlo simulation was required or used in this analysis.

The expected CM angular distribution is given by equation 1.1 integrated over
the azimuthal angle

1 dN 1

_]if;dcos i = 5{1 + aPy cos 9] (5.1)

where N is the number of events, Nr is the total number of events, a is the asymmetry

parameter for the decay under study, Py is the polarization of the hyperon, ¥, and ¢
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is the CM angle between the outgoing baryon and the coordinate system directions.
We did not measure equation 5.1 but equation 5.1 multiplied by our experimental
acceptance, €4(cos 8/, TX,TY), which is a function of cos §/, TX and TY

1 dN  es(cos§’,TX,TY)
Nrdcosfi 2

[1 4 aPi cos 8] (5.2)

where j = x, y or z signifies the direction in the % center of mass. We collected two
sets of data spin up, denoted by a 1}, where the angular distribution is given by

1 dNf  e4scos 87, TX, TY) tt

Ny T dcosfi = 5 [1+ aP} cos 6] (5.3)

and spin down, denoted by |}, where we reversed the targeting angle and thus changed
the sign of the polarization.

1 dNJ§ €4(cos 8/, TX, TY) |

N, Gdeosfl = 5 [1 — oPj cos §7] (5.4)

To extract the asymmetry, A7, we took the difference of the spin up and spin down
data divided by their sum. In the limit that the acceptance for both spin up and spin
down are the same.

1 _dNft 1 _dN|

: . N Nj ] ‘ :
Al cost’ = —7 i dcos{?] Mﬁ%‘{%{ = Py cos ¢’ (5.5)

1
NTﬂ dcos 63~7"+NTIL dcos 87

We divided the middle expression by cos §7 to determine the asymmetry for each bin
in cos §’. We averaged over all the asymmetries from each bin to determine the final
asymmetry A7.

A’ = aP; (5.6)

The acceptance of our apparatus was relatively high. Using a Monte Carlo simu-
lation the acceptance as a function of cos 6¥ is shown in Fig. 5.1 and Fig. 5.2. The
average acceptance for ©* — py was 64% and 85% for ©* —pn® . The acceptance
falls off around cos ¥ ~ 0 for * — p7y because these are events with the photon in
the hole in the steel plates. These events can not be extracted using the TRD and
are thus removed. The acceptance distribution is found by adding equation 5.3 and

equation 5.4 where the polarization cancels and one is left with just the acceptance.
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Figure 5.1: Acceptance as a function of cos §¥ for T+ — pvy . Solid is data and dashed
is Monte Carlo. The plots are normalized to equal area. The average acceptance is

64%.
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The polarization of the hyperon beam was along the y direction because we tar-
geted the incoming proton beam horizontally. There was no polarization in the x or
z direction. Therefore the asymmetry should be 0 in the x and z direction. When
the analysis above was applied to the data sample a large non-zero x asymmetry was
discovered. We call this a false asymmetry because the asymmetry should be zero but
is not. This x false asymmetry was a result of the difference in TX shown in Fig. 4.6
between positive and negative targeting angle. To cancel this x false asymmetry we
broke up the data into bins of TX and TY and analyzed the asymmetry as above for
each bin of TX and TY. We then averaged the asymmetry to achieve the final result.
We broke the data in bins of TY because other parts of the experiment used vertical
targeting and thus had large y false asymmetries. One program was used to handle
both horizontal and vertical targeting.

The bias cancelling technique was insensitive to differences in the magnitude of the
polarization caused by the difference in targeting angles. We carried out an analysis
where we allowed the asymmetry to vary between the 2 targeting angles and found
it did not change the answer.

To determine a., we performed the bias cancelling technique for the two samples

of data we collected Z* — py and Tt —pn? | ie
AY = o Py (5.7)

for Tt — py and
Ag = ang (58)

for Tt —pn® where a, is the asymmetry parameter of ¥+ — py which we are
measuring, o is the asymmetry parameter [2] of Tt —pn® , ay = -0.98, Ps is the
polarization of the X+, AY is y asymmetry of £* — pv and A is the y asymmetry of
¥* —pn®. Remember the polarization was only along the y direction. We combined

these two equations and solved for a,.

AY
Qy = jéao (5-9)

We measured AY and A} from our data and used the known value of ay to determine

Oty
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Im2 — 0.018 | > 0.004 GeV?/c!, K+ — n+X

See Fig. 5.5 for a plot of m? assuming K+ — #*X from the PRE sample. The cut
to remove K* — 7tx° did not affect the asymmetry of T+ —pn® . The K* is a
spin zero particle and thus unpolarized. There was <0.5% K* — w*#° within the
¥+ —pn® sample. This contributed negligible to the asymmetry of X+ —pn® .

The final cut to isolate a clean sample of £+ —pn® was to cut on the missing-

mass-squared assuming £* —pX around m?,. We made the cut.
0.010 < m2 < 0.026 GeV?/c!, Tt —pX

See Fig. 5.6 for the missing-mass-squared distribution for the PRE sample. The
_ asymmetry, A;Y"” using the bias cancelling technique with 15 bins in cos§°™, 8 bins
in TX and 2 bins in TY is given in Table 5.1.

WhE

5.3 AY, Asymmetry of I — pvy

We used the same cuts on £+ — py as £+ —pn® . To determine A, we analyzed the

PGAM sample with the cuts shown in section 5.2. Here are the cuts restated.
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[ X 1 Y | Z |
[-0.0050 =+ 0.0021 | -0.1188 = 0.0021 | -0.0011 = 0.0021 |

om—

Table 5.1: Asymmetries of T+ —pn? , A,.
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were made.

Xfyperon < 4
Xbaryon < 2
0 < z vertex < 1200 cm from SD3
325 < hyperon momentum < 425 GeV/c
r(ratio of baryon momentum over hyperon momentum) < 1
8, > 100 prad OR r < 0.97
-5.65 < Xpyperon < -5.15 cm negative targeting angle
-5.70 < Xpyperon < -5.20 cm positive targeting angle
-0.28 < Fhyperon < -0.04 cm

See Fig. 5.7 and Fig. 5.8 for the x hyperon distribution at the target for positive and
negative targeting angle and the y hyperon distribution at the target for the PGAM
sample. Compare the distributions in Fig. 5.7 and Fig. 5.3. The x distribution at
the target for the PGAM sample is wider than for the PRE sample. The PGAM
sample is mostly made up of Z* ~»pn® events whose missing-mass-squared has been
calculated incorrectly due to an error in hyperon momentum. This error in the

hyperon momentum causes an error in the extrapolated position at the target and
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Figure 5.8: y position (cm) of the hyperon track at the target for the PGAM sample.
The cuts shown by the arrows were made. ‘

therefore the wider the distribution. This topic is discussed more fully in section
5.4.1.
We also made a cut to remove K+ — w*7° . We reconstructed the m? assuming

the decay K* — 7*X and made a cut to remove events around m?, = 0.0182

GeV?/ct.
Im2 — 0.018 | > 0.004 GeV?/ct, K+ — n+X

See Fig. 5.9 for a plot of m? assuming K* — 77X from the PGAM sample. The cut
to remove K+ — m+x° did affect the asymmetry of 5+ — pY - The K+ is a spin
zero particle and thus unpolarized. There was about 5% K+ — wt7° within the
¥t — pv sample. By removing these events with zero polarization the asymmetry of
T+ — p7v increased by about 4%. However increasing the size of the cut further did
not change a,.

From Fig. 4.10 the dominant background to ¥+ — pv is &+ —pn® . To separate
%+ — py from &t —pn° we now use the photon spectrometer. To illustrate the
procedure used to separate It — pvy from T+ —pr? a single event display of one

half (plan view) of the photon spectrometer is shown in Fig. 5.10 and Fig. 5.11 for
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Figure 5.9: Missing-mass-squared (GeV?/c*) m?2 assuming K* — 7+ X for the PGAM
sample. We removed events between the arrows. ‘

a L% — pv and &7 —p7n® event respectively. Notice the two large clusters of hits
on either side of the 7° track from the two photons in Fig. 5.11. Remember that
the TRD is sensitive to the high energy charged component of the electromagnetic
shower. Notice in Fig. 5.10 and Fig. 5.11 that the TRD is insensitive to the proton
track but the PWC has hits associated with the track.

The algorithm used to extract ¥* — py tests the hypothesis that the missing
neutral was a single photon from £+ — pv . The following is a summary of the TRD
algorithm used to extract T+ — py [63].

The data in the TRD was clusterized in space. A cluster is a group of hit wires
bounded by 2 blank wires.

The center of the cluster is the weighted average of the hit wires. Remember that
each wire in the TRD can have more than 1 pulse on it.

There is a quality factor associated with each cluster. This quality factor is the
sum over all the wires in the cluster of the square of the number of pulses on each
wire. For example, a cluster consists of 3 wires, first wire has 2 pulses on it, second
wire has 3 pulses on it and third wire has 1 pulse on it. The quality factor for this
cluster is 22 +3%2 + 1% = 14. An electron with an energy > 2.5 GeV from a shower will
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give an average of 2 pulses on a wire. See Fig. 2.9. Therefore a cluster with a quality
factor > 1 is probably an electron (or positron) from an electromagnetic shower.

The PWC before each TRD was essentially 100% efficient for charged particles
in an electromagnetic shower. If there were no hits in this PWC associated with the
cluster subtract 1 from the quality factor. This is used to remove noise hits in the
TRD.

Within each event was a latch bit that signified whether the trigger was from a
shower that initiated in the first steel plate or the second. For events that triggered
in the second steel plate, only make clusters in the second set of TRD chambers.
For events that triggered in the first steel plate make clusters in the first set of TRD
chambers. For these events add to the quality factor of the cluster in the first set of
TRD chambers 1/3 of the quality factor of the associated cluster in the second set
of TRD chambers. The cluster in the second set of TRD chambers should have a
quality factor greater than 1.

If there are 2 large clusters close together (< 1.6 cm), make this 1 cluster. The
minimum opening angle of 44 from the highest energy 7° — v is 2 mrad. This
corresponded to 4 cm at the first TRD. Therefore 2 large clusters close together was
probably v — ete™.

We formed a reduced TRD x? by summing the square of the distances between the
extrapolated neutral track to the largest cluster with a quality factor greater than 3.
If there was no cluster with a quality factor greater than 3 then we used the nearest
cluster. We only calculated the TRD x? to the first TRD X and Y for events that
began to shower in the first steel plafe and to the second TRD X and Y for events
that began to shower in the second steel plate. The error we assigned to calculate
the reduced TRD x? is the extrapolation error of the missing neutral (~3 mm) and
an estimate of the resolution of the position of the photon as measured by the TRD
and the algorithm used (7.7 mm.) The TRD x® has typically 2 degrees-of-freedom.
We set an upper limit of 50 on the TRD x?. If there are 2 large clusters that are far
apart we set the TRD x* = 50. This type of event is probably T+ —pn?, 70 — v~.
The TRD x? of rearphoton events was set to 50. We also required at least 70% of the

energy deposited in the photon calorimeter be within 5 cm of the extrapolated neutral
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Region | Neutral mass squared TRD x?

GeV?/c?
-0.0040 < m2 < 0.0040 | TRD x* < 1
-0.0040 < m? < 0.0040 | TRD x* > 4
+0.0072 < m2 < 0.0100 | TRD x? <1
+0.0072 < m2 < 0.0100 | TRD x? > 4

Z =g wm

Table 5.2: Definition of the 4 regions S, B, N and T.

track (local energy cut.) This local energy cut was insensitive to the poor quality of
the photon calorimeter resolution because it was a ratio of the energy measured in
the calorimeter within 5 cm, over the the total energy measured by the calorimeter.
%+ — pv should have low TRD x? and £* —pn° should have higher TRD x? than
¥+ — py because of the finite opening angle of two photons from the #° decay. The
Y+ — pv event shown in Fig. 5.10 has a TRD x? = 0.15. This event has a small
TRD x? because of the large cluster directly on the extrapolated neutral track. The
¥+ —pn? event shown in Fig. 5.11 has a TRD x? = 50 because of the 2 large well
separated clusters in the TRD.

The distribution of TRD x? versus missing-mass-squared for the PGAM sample is
shown in Fig. 5.12. Fig. 5.13 shows the missing-mass-squared distribution for events
with TRD x? < 1 and events with TRD x2 > 4. The events with TRD x? > 4
model well the background under the signal peak. We define 4 regions in Fig. 5.12,
S for Signal, B for Background, N and T are normalization regions. These regions
are defined in Table 5.2 We normalized S and B to equal area in the normalization
region 0.0072 < m? < 0.0100 GeV?/c* where the events in this region are dominated
by Z* —pn® . We defined a signal fraction, f, which is the number of X+ — py
events in the S region divided by the total number of events in the S region. This

signal fraction, f, is given by

N
Ng — Ngﬁ

f= 7 (5.10)
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Figure 5.12: TRD X? versus missing-mass-squared m2 (GeV?/c*) assuming T+ —pX
. There is a clear excess of events at m? = 0. These are I+ — py . The 4 regions

defined are used to extract the 4,.
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|~ Sample | A l AY ] A* ]
Signal S 0.0088 & 0.0082 | -0.0884 + 0.0083 | -0.0004 + 0.0108
Background B | 0.0121 + 0.0073 | -0.0938 + 0.0081 | -0.0373 £ 0.0064
Xt — py 0.0082 £ 0.0100 | -0.0873 £ 0.0102 | 0.0070 =+ 0.0130
o+ —pn® -0.0050 £ 0.0021 | -0.1188 + 0.0021 | -0.0011 + 0.0021

Table 5.3: Asymmetry components for each sample. The X+ polarization is in the y
direction so that A” and A* are false asymmetries which should be 0.

NgNr
f=1- NsNy

where Ns, Ng, N7 and Ny, are the number of events in each of the corresponding

(5.11)

regions. We found in the S region f = 0.8315 X 0.0016 or a signal to noise ratio
of 4.9 to 1. The number of &* — pv events in the S region was fNgs = 34754
+ 212. The sample defined by these cuts has a relatively small contribution from
background. The asymmetry of this background is measured by analyzing events in
the corresponding background region.

We started out in Fig. 4.10 with 67,000 £+ — pvy . Applying the TRD algorithm
to extract T+ — py reduces the sample to 43,000 or 64% efficiency. Requiring the
hyperon come from the production target and removing K+ — n*7? reduced this
to 39,000 Z* — pvy . We then apply a missing-mass-squared cut of +0.004 GeV?/c?
to isolate a clean sample of 35,000 &+ — pv .

To determine the asymmetries, A, of Z* — py we applied the bias cancelling
technique in the S and B regions. We used the TRD x? to statistically separate the
signal from the background. We used the same number of bins as for Ay, 15 bins
in cosf#“™, 8 bins in TX and 2 bins in TY. The asymmetries are shown in Table 5.3
All of the x and z components are consistent with 0 except the z asymmetry of the
background sample. It is not surprising that there is a residual bias in z in the
background sample. Its correlation with AY (and thus a,) is small and is included

in the systematic error estimate. The angular distribution in the signal region S is
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made up of a linear combination of ¥* — pv and background.

2dN

W = [1*{*-44;’%2 Ccos 9”’*2] = f[l‘%‘Af;’y’z Ccos 6”’”] +(1—f)[1 +A:§y’z cos 8’““*"]

(5.12)

where Ag"” are the ,y, z asymmetries in the Signal region, AZ¥* are the z,y, z asym-

metries we are determining and AZY" are the z,y, z asymmetries in the Background

region. This can be simplified.
AGY = fASY + (1 - f)ABY” (5.13)

Solving for A% yields.
Az - (1 f Az
f

The values of AS¥* are given in Table 5.3. Using the value of AY determined and
AY from the previous section we use equation 5.9 and find o, = -0.720 =+ 0.086
(statistical).

T2
Az =

(5.14)

5.4 Systematic Error

The systematic error in a., was estimated from 4 sources, the z false asymmetry in the
Background sample, the difference in the TRD algorithm used to extract ¥+ — py
, different binning used in the bias cancelling technique and variation of the answer
with the cuts used. The experiment was designed to control systematic errors. We
found that the result was stable to variation of any of the parameters used in the

analysis.

5.4.1 A%, z false asymmetry in background

From Table 5.3 A% is -0.0373 + 0.0064. Clearly this is non zero. Does this false
asymmetry in the background sample affect a,? The answer is no. Its correlation
with A% (or A%)is small. Even if there was a correlation the effect of the background

correction on the T+ — pv asymmetry is small because f is large (signal to noise ratio
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is high) and because A% ~ A%. Notice that the z asymmetry of ¥+ — pv in Table 5.3
is still 0 even though there is the large z false asymmetry in the background.

The background sample is dominated by £+ —pn” events where we have incor-
rectly measured the missing-mass-squared. We believe this mistake in the missing-
mass-squared is caused by an error in the measurement of the ©* momentum. The
hyperon spectrometer contains nine planes of silicon strip detector from which 5 pa-
rameter are determined for the hyperon track. This does not leave many planes for
redundancy in the measurement of the L+ track. Therefore if a plane has noise hits
or a plane has no hits the £* track could be mismeasured. This z false asymmetry
only affects the background sample. There is no false asymmetry for &+ —pn® or
Xt — pvy . The center of mass angle cos §* depends directly on the momentum of
the X while cos 8% and cos Y depend on the angles TX and TY respectively.

We attempted and failed to simulate this phenomenon by taking real ¥+ —pn®
events and changing the ™ momentum and changing the hits on SD2X plane in
the silicon strip detectors. We took these "broken” events that now had a missing-
mass-squared near 0 and analyzed them for the asymmetry. We could not get cos %
distributions that we could measure an asymmetry from.

To estimate the systematic error due to A} we plot a., versus A} for a representa-
tive sample of studies in Fig. 5.14 The different studies correspond to different cuts
and algorithms used to analyze the data. The typical error bars on the plot on a., are
+ 0.09 and + 0.007 for A;. The 3 studies for which A% changed dramatically were,
no bias cancelling in x to remove the x false asymmetry, a tighter momentum cut on
the I+, 355 < momentum of the £+ < 405 GeV/c, and using 2 momentum bins to
calculate a., in each bin and then averaging (an attempt to perform bias cancelling
in momentum.) Note that 2 of these studies involved the hyperon momentum. The
systematic error from A% was estimated by taking the largest deviation (dashed line)
from our measured value of a,, (solid line) for the cases when A} changed significantly.

The systematic error from A% is & 0.020.
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[ a, | TRD algorithm |
-0.721 4 0.084 | Final TRD routine, incorrect x target extrapolation
-0.714 + 0.088 | Moriond TRD routine, nearest wire on

-0.740 + 0.097 | Calculate TRD x? only with small pointing error
-0.699 + 0.103 | PSC TRD routine, large clusters in X and Y

Table 5.4: a, for different TRD algorithms.

5.4.2 TRD algorithm

To estimate the systematic error due to the TRD algorithm we reanalyzed the data
with the same cuts but with a different TRD algorithm to extract the signal. We
analyzed the data using the TRD algorithm described in section 5.3 with an incorrect
set of parameters for the x extrapolation of the hyperon back to the target. We found
for the final TRD algorithm with the wrong extrapolation back to the target a, =
-0.721 + 0.084. See Table 5.4 for a list of the TRD algorithms and their results. We
used the incorrect parameters because the problem was discovered after the study was
complete. There is no significant change in the answer with the correct parameters.

The second TRD routine we‘call the Moriond routine. This was the first TRD
routine and was very simple. We calculated a TRD x* by summing over all 8 planes in
the photon spectrometer, the square of the distance between the extrapolated neutral
and the nearest hit wire in each plane. We used for the error to normalize the TRD
x? the wire spacing divided by /12, or 577 um. The value of o, from this algorithm
is -0.714 £ 0.088

The third TRD algorithm calculated a TRD x? for the event by taking the square
of the distance between the extrapolated neutral and the nearest hit wire in each
plane only if the error in the extrapolated neutral position on the TRD is less than 3
mm. That is, we use only events where we can predict well where the missing neutral
went. For events that started to shower in the first steel plate sum the TRD x? over

the 8 planes downstream of the first steel plate. For events that started to shower in
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the second steel plate sum the TRD x? over the 4 planes downstream of the second
steel plate. We use the neutral extrapolation error to normalize the TRD x?. This
TRD algorithm yielded a value of ., = -0.740 + 0.097.

The last TRD algorithm tested was the PSC algorithm. This algorithm clusterized
the information in the TRD in a different way than the final TRD algorithm used to
find a.,. This algorithm required 1 large cluster in both the x and y TRD following the
steel plate from which the shower started. A TRD x? was calculated as the square
of the distance from the extrapolated neutral track to each of these clusters. The
error in the extrapolated neutral was used to normalize the TRD x?. This algorithm
gave a value of o, = -0.699 £ 0.103. We estimated the systematic error due to the
TRD algorithm as the difference between the final answer and the answer determined
from the algorithm with the largest deviation from the final answer. Therefore the
systematic error due to the TRD algorithm is + 0.022.

5.4.3 Bias cancelling binning

To determine o, from the bias cancelling technique we binned the data in 15 cosf™
bins , 8 TX bins and 2 TY bins. How does the answer vary when we use different
binning? Shown in Fig. 5.15 is the number of cases for various a., for different number
of bins used in the bias cancelling. We used all combination of 10, 15 and 30 bins
in cosf#°™; 8 and 16 bins in TX; and 1, 2, 4, 8, and 16 bins in TY for a total of 30
studies. The o of the distribution is 0.025. Therefore the systematic error associated
with the different binning is & 0.025.

5.4.4 Variation of the cuts

The systematic error due to the variation of the cuts used was estimated by breaking
up the data into 8 bins of approximately equal statistics in some cut parameter
and determine a, for each of the 8 bins. For example, shown in Fig. 5.16 is the x
position of the proton at the first steel plate in the photon spectrometer for the PGAM
sample. This distribution has been divided into 8 equal bins shown. The asymmetry

parameter for each of these bins has been calculated. This is shown in Fig. 5.17. The
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Figure 5.17: a., versus x position of the proton at the first steel plate. The weighted
mean is the solid line. The x? for the fit to a constant is 6.44 for v = 7 degrees-of-
freedom.

asymmetry parameter is not a function of the x position of the proton at the first steel
plate. The x? for the fit to a constant is 6.44 for v = 7 degrees-of-freedom. Shown
in Table 5.5 is a summary of the 17 studies performed and their x2. The number
of degrees-of-freedom is 7. The 17 x? values are plotted in Fig. 5.18 along with the
expected x? distribution for 17 studies and 7 degrees-of-freedom. The mean of the
x? distribution from the data is 7.50 3 1.14. The mean of the expected curve is 7.
These are consistent within statistics. To estimate a limit on the possible systematic
error we took the mean of 7.5 and divided it by the number of degrees-of-freedom.
This yielded a reduced x? of 1.07. If there were no systematic error the reduced x?
would be 1. That is, the contribution to reduced x? from statistics is 1. The rest we
attribute to systematics. To estimate the systematic error we multiplied 1/0.07 times
the statistical error of our final answer. Therefore the estimate of the systematic error
from the variation of the answer with respect to the cuts is + 0.023.

The summary of the four contributions to the systematic error of a, are given
in Table 5.6. The final systematic error is just the sum in quadrature of these four,
£ 0.045. Therefore the asymmetry parameter of £t — pvy is o, = -0.720 + 0.086



| a, versus | x2 for 7 degrees-of-freedom I
X proton position 6.44
time(run number) 13.23
z vertex 4.91
TRD low x? 4.9
TRD high x? 0.0058
m? in S 12.21
local energy cut 7.52
¥t momentum 124
proton momentum 13.47
Xizlyperon/u 4'81
xgaryon/u 8.69
ys+ at target 7.10
y proton position 3.12
x neutral position 5.18
m2 K+ — ntX 1.29
y photon position 5.29
zy+ at target 16.97
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Table 5.5: List of x? for variation of a, with the cuts listed. The number of degrees-

of-freedom is v = 7.

| Source | error |
Background z false asymmetry | & 0.020
TRD algorithms £ 0.022
Bias cancelling technique + 0.025
Cuts + 0.023
added in quadrature + 0.045

Table 5.6: The four contributions to the systematic error of a,. The resultant sys-

tematic error is just

the four errors added in quadrature, £+ 0.045.
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(statistical) = 0.045 (systematic).
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Chapter 6
Branching Ratio £+ — 19%)

We measured the branching ratio

Ny |
l
Br(Z* = py) _ \ "
Br(Z+ —pn?) (E’f

(6.1)

where N, is the number of £+ — py , Ny is the number of &+ —pn® , /" is the full
efficiency for Z* — pv and ¢, is the efficiency for £+ —pn® . The full efficiency, e/*/,
is the product of the geometrical efficiency (acceptance), trigger efficiency, software
reconstruction efficiency and €77 which is the efficiency of the TRD algorithm to
extract * — py . We separate €70 from e/*! because it is a special efficiency
relevant only for ¥ — py not L+ —pn® . Therefore
Br(Z* = py) = Noes
Br(Zt —pr®) Nqe,eTRD

(6.2)

where ¢, and €, are the combined geometrical efficiency, trigger efficiency and software
reconstruction efficiency for T+ — pvy and £+ —pn® , respectively. We counted the
number of events from the PRE and PGAM sample and the efficiency €, and €, was

measured by a Monte Carlo technique and e{RD

was measured using the data. We
measured the branching ratio for positive and negative targeting angle separately.

This is a preliminary result and work is continuing on this measurement.
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6.1 Number of £+ —pn®

We used the following cuts on both samples of ¥* — py and Lt —pn?®

2
thperon <4

Xbaryon < 2
100 < z vertex < 1200 cm from SD3
325 < hyperon momentum < 425 GeV/c
r(ratio of baryon momentum over hyperon momentum) < 1
6op > 100 prad OR r < 0.97
9.1 < x of proton at first steel plate < 15.1 cm

The last cut on the position of the proton has been added to avoid any possible
discrepancy between experimental and Monte Carlo simulation geometries. The z
vertex cut was tightened because we know that there is some excess background near
SD3 from interactions. We measured the branching ratio with events that showered
in the first and second steel plate, no rear photon events. Shown in Fig. 6.1 is the x
distribution of the proton at the first steel plate for positive targeting angle. The cut
shown by the lines was made. The number of £* —px? in the sample was determined
from the PRE sample. The PRE sample was analyzed using the above cuts. The
missing-mass-squared distribution for positive targeting angle is given in Fig. 6.2. We
assume there is a linear background under the peak shown in Fig. 6.2. The number
of ¥ —p7Y is just the number in the histogram minus the background. We found in
the PRE sample for positive targeting angle 392810 + 630 £+ —pn° and for negative
targeting angle 392290 + 630 ¥+ —p#x® . The background was a 3% correction to
the number of £* —pn® . To determine the number of £+ —px® in the full data
sample, N,, we need to know the prescale factor with the cuts used. This was the
factor to multiply the number of ¥* —p#? in the PRE sample to determine, N,. A
positive and negative targeting angle run were taken and analyzed with the above
cuts to determine the number of ¥* —pn® . The PRE samples from those same runs
were analyzed to determine the number of ¥t —pn® . Their ratio is the prescale

factor. The prescale factor for positive targeting angle is 44.61 &+ 0.79 and negative
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Figure 6.1: x distribution (cm) of the proton at the first steel plate for positive
targeting angle for £* —pn® . The cut shown by the lines was made.

targeting angle is 46.90 = 0.86. Therefore the number of £+ —p7n® , N, for positive
targeting angle was (1.752 & 0.034) x 107 £+ —p=® and for negative targeting angle
was (1.845 £ 0.037) x 107 T+ —pn?.

6.2 Efficiency for 57 —p#? and T+ — pv

The efficiencies for ¥t ~spn® and T+ — pvy , &, and e,, were determined by Monte
Carlo techniques. The Monte Carlo calculation is a computer program that simu-
lates the experiment as closely as possible. We used GEANT [64] 3.14 to model the
experiment. We started the Monte Carlo calculation from beam tracks that we recon-
structed from the data. These &t beam tracks were allowed to decay by the decay
mode of our choosing. For the charged particles, £* and proton, hits were placed
on the SSD and PWC wires. For the neutral particle, the photon, electromagnetic
showers were simulated. Multiple Coulomb scattering was also simulated. At the end
of each generated event we wrote out the information in E761 data format. We then
analyzed these Monte Carlo events using the same program used to analyze the real
data. Shown in Fig. 6.3, Fig. 6.4, Fig. 6.5 and Fig. 6.6 are the comparison of the
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data with the Monte Carlo calculation for some of the measured quantities for positive
targeting angle £+ —pn® events. Solid lines represent the data and dashed lines the
Monte Carlo simulation. The distributions are normalized to equal area within the
cut area. From studies of the trigger rates using ¥+ —p#? from the beam we believe
we can model the absolute efficiency of ¥+ —pn® to a few percent. Therefore we can
determine the ratio of efficiencies, €,/¢, to better than a few percent. The hyperon
and baryon reduced x? distributions do not quite match the Monte Carlo simulation.
The data of course has more events at higher x* than the Monte Carlo simulation.
The z vertex distributions agree within the cut region,despite the peak in the data at
1400 cm. This peak was caused by decays downstream of WA for which the offline
reconstruction incorrectly assigned the z vertex at WA (1400cm.) The Monte Carlo
simulation does not show this feature because the decays were forced to occur from
-150 cm to 1500 cm. We found for the efficiency of ¥+ —pn? , €, = 0.4018 + 0.0026
for positive targeting angle and ¢, = 0.3879 % 0.0026 for negative targeting angle.
These efficiencies are the efficiencies relative to a Monte Carlo sample created with
a set of cuts looser than that used to measure the branching ratio. For example the
generated z vertex is from -150 to 1500 cm, whereas for the branching ratio sample
we cut z vertex from 100 to 1200 cm.
We applied this same Monte Carlo technique to determine the efficiency for T+ —
PY, €. Shown in Fig. 6.7, Fig. 6.8, Fig. 6.9, Fig. 6.10 and Fig. 6.11 are the comparison
of the data with the Monte Carlo calculation for some of the measured quantities for
positive targeting angle ¥* — p~v events. Solid lines represent the data and dashed
lines the Monte Carlo simulation. The distributions are normalized to equal area
within the cut area. An additional cut on the position of the photon at the TRD
was made. Shown in Fig. 6.12 is the position of the cut used. The photon must be
well within the TRD (5cm inside the active area of the TRD aperture) and outside
(3 cm) the edge of the hole in the steel plate. This is to assure that we measure well
the efficiency, €,, by not having any systematic error due to events with the photon
near the edge of the hole. We find for positive targeting angle e, = 0.2034 £ 0.0020
and for negative targeting angle e, = 0.1929 + 0.0020.
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6.3 Number of Z* — pvy

To find the number of Z* — pv in the sample we applied the same cuts used in

the ¥+ — pvy Monte Carlo simulation as to the PGAM data sample. To improve
the signal to noise we apply 2 more cuts. These 2 cuts are from the TRD algorithm
used to extract T+ — py . We used the Moriond TRD algorithm defined in Section
5.4.2. The TRD algorithm starts by calculating the neutral track (X particle) from
the decay Z* —pX from the charged tracks I* and proton. We call this track the
extrapolated neutral track. We projected this track onto the photon spectrometer.
The first cut req;ﬁred at least 50% of the energy in the photon calorimeter be within
5 cm of the extrapolated neutral track. We called this'the local sum cut. We looked
in 2 window 35 cm wide around the extrapolated neutral track and formed a TRD
x? of the miss distance from the neutral track to the closest wire on. We summed this
x? over the 8 planes in the photon spectrometer. We used the wire spacing divided
by /12 to normalize the TRD x2. To isolate 3+ — py we made a cut TRD x? <

500. The missing-mass-squared distribution for these 2 cuts is shown in Fig. 6.13.
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There is a clear peak at 0 indicating ¥* — pvy . To determine the number of T+ —

py we fitted Fig. 6.13 to the functional form

l!z“Pglg
———_—\/fZPIPG-—z Fs +P4+P593+6(P6+P7$+P8$2)
T

where x is the missing-mass-squared and P, are the parameters that are allowed to
vary. First the region -0.0100 — -0.0060 GeV?/c* was fitted to

(6.3)

.R; -+ Ps(l) (6.4)
only. Then the region 0.0060 — 0.0100 GeV?/c* was fitted to
2
P, + Psz + e(Fe + Prz + Psz?) (6.5)

with parameters Py and P; fixed. The final fit was performed to the full function with
Ps, P; and P; fixed. Shown in Fig. 6.13 is the fit of the Gaussian plus background
(solid line through all data points) and just the background with Gaussian (solid line
underneath ¥* — py peak.) The background extrapolates smoothly under the peak.
The number of £t — pv for positive targeting angle is given by the parameter P;.
We found P, = 15,630 & 330 £t — py . The fit x*/v was 1.4 for v = 42 degrees-
of-freedom. To take into account that the reduced x? is not 1 we increase the error
in the number of £* — py by the square root of reduced x?>. We found for positive
targeting angle 15,630 + 390 + — py and for negative targeting angle 16,950 + 560

events.

6.4 Efficiency of TRD algorithm

We need to know the efficiency of the 50% local sum cut and the TRD x? < 500 cut.
To determine this we needed a sample of single photon events where we know the
position of the photon on the TRD. We used events Z* —pw’ , 7° — 7;7,, where 7;
went into the hole in the photon spectrometer and 4, went into the steel/TRD/photon
calorimeter. This type of event is illustrated in Fig. 6.14. From the I* and proton

track the complete information on the #%can be reconstructed. The WD1XY and
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Positive Negative ]
targeting targeting
angle angle
N (1.752 + 0.034) x 107 | (1.845 £ 0.037) x 107
€x 0.4018 £ 0.0026 0.3879 + 0.0026
N, 15,630 + 390 16,950 + 560
€y 0.2034 + 0.0020 0.1929 + 0.0020
el RD 0.838 + 0.021 0.838 + 0.021
Br(3* —pv)/Br(E+ —pn®) | (2.104 £ 0.088) x 10~° | (2.206 £ 0.100) x 1073

Table 6.1: The branching ratio Br(X* — py }/Br(Z* —pn? ) for positive and negative
targeting angle.

WD2XY wire chamber frames partially covered the area where the photons that
went into the hole would go. Some of these photons initiated showers in the frames of
WD1XY and WD2XY. Behind WD1XY and WD2XY was the WD1UV plane rotated
45° with respect to WD1XY and WD2XY. The position of the photon was measured
in WD1UYV and the energy was measured in the rear lead glass array. We knew the

O — 7417;. Therefore we know the complete

position of the decay vertex &+ —prn® , 7
4-vector of the 7° and ;. We then reconstructed the 4-vector of 4;. Using this single
photon sample, 7v,, we measured the efficiency of the TRD algorithm and local sum

cut, €/FP. We find for the efficiency eI #P = 0.838 + 0.021.

~

6.5 Branching ratio X* — pv

We can now combine all the numbers to determine the branching ratio Br(Z+ — py
)/Br(Z+ —pn® ). The results for positive and negative targeting angle are shown in
Table 6.1. We found for the combined positive and negative targeting angle Br(X+ —
p7 )/Br(Z+ —pn® ) = (2.147 £ 0.068) x 10~3. This is a preliminary result. We have
only performed preliminary systematic studies, varying the cuts and fitting procedure.

We estimate our systematic error to be (+ 0.107) x 1072 in the ratio of branching
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ratios. Therefore the branching ratio Br(X* — py )/Br(Z+ —pn® ) = (2.147 £ 0.068
+ 0.107) x 1072 where the first error is statistical and the second systematic. Using
the known value [2] of Br(X+ —pn® ) = 0.5157 & 0.0030, we find Br(Z+ — py ) =
(1.107 & 0.035 £ 0.055) x 10~3 where the first error is statistical and the second is
systematic.

The improvement of this result is continuing. From Table 6.1 the most significant
contributions to the error in the branching ratio are N,, e?;RD and N,. To better

determine NV, we can try to improve the fitting procedure. We will also use the TRD

¢TRD
5
are highly related. If we tighten the

algorithm used to determine the asymmetry parameter. The efficiency,

be measured for this algorithm. N, and eIRP

cut in the TRD algorithm to improve the signal to noise the error in NV, will decrease.

TRD
5

can put the target in the hyperon track fitting. This we have seen can give us an

, must

Unfortunately the efficiency, e ™", will drop and become harder to measure. We also
enormous improvement in the separation of ¥* — pvy and X+ —pn’ . It is possible
that we can measure the branching ratio without using the TRD. This will be a
good cross check on the result. To reduce the uncertainty on N, we will go back
and measure the prescale factor over a larger sample of the data possibly the whole
sample. Systematic studies will continue. The stability of the result will be checked
with respect to the cuts. Of course we will try to improve the agreement between
the data and the Monte Carlo simulation. In my opinion we can probably achieve no

more than a factor of 2 improvement in the error.



Chapter 7
Conclusion

We have performed a high statistics measurement of the asymmetry parameter in
the hyperon radiative decay ¥* — pv in Fermilab experiment 761. We find for the
asymmetry parameter -0.720 & 0.086 =+ 0.045 where the first error is statistical and
the second is systematic. Shown in Fig. 7.1 is a comparison of our measurement with
the previous measurements. Our result agrees well with previous experiments with
a x? = 1.43 for 3 degrees-of-freedom. The new world average for the asymmetry
parameter for ¥+ — pv is -0.764 £ 0.076.

We have also measured the branching ratio Br(Xt — py )/Br(Zt —p#® ) = (2.147
4+ 0.068 & 0.107) x 1073 where the first error is statistical and the second is system-
atic. Using the known value [2] of Br(Z* —pn? )/Br(Z+ — all) of 0.5157 £ 0.0030
the branching ratio Br(Z* — pvy }/Br(Z* — all) is (1.107 £ 0.035 £ 0.055) x 10~°
where the first error is statistical and the second is systematic. This is a preliminary
measurement of the branching ratio and more work is currently in progress. Shown
in Fig. 7.2 is a comparison of our measurement with the previous measurements. Qur
result agrees with previous experiments with a x? = 8.00 for 7 degrees-of-freedom.
Combining our preliminary result with the previous measurements yields a branching
ratio Br(2* — py )/Br(Zt — all) of (1.173 + 0.048) x 1073,

Many of the models discussed in chapter 1 have been ruled out by these mea-
surements. Some of the models are able to predict the correct branching ratio and

asymmetry parameter of ¥ — py but fail to reproduce the branching ratios and
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asymmetry parameters of the other hyperon radiative decays that have been mea-
sured. Clearly the origin of the large negative asymmetry parameter is not some
naive breaking of SU(3) which predicts a small positive value for the asymmetry.
Single quark transitions and two quark tramsitions can not be the only mechanism
involved because they gave branching ratios and asymmetry parameters that are too
small. The model of Balitsky et al [38], using QCD sum rules, shows agreement with
these results. They predicted Br(2* — py ) = (0.5 - 1.5) x 10™% and an asymmetry
parameter of -0.85 £ 0.15. They do not make any predictions on any of the other
hyperon radiative decays. It would be interesting to see this model used to predict
the branching ratio and asymmetry parameters of the other hyperon radiative de-
cays. Close and Rubinstein [17] using a pole model also predicted the asymmetry
parameter in agreement with these measurements. They predicted the asymmetry
parameter for Z* — pv to be -0.6 — -1.0. However they didn’t make a prediction
of the branching ratio. Zenczykowski [39] using a combined symmetry/vector dom-
inance model also predicted the branching ratio and the asymmetry parameter in
relative agreement with our measurement. He predicted the asymmetry parameter of
¥+ — py to be -0.96 and the branching ratio to be 1.33 x 1073, He believes these
numbers are good to ~15%. He also made predictions of other hyperon radiative de-
cays in Table 1.11. We hope to test this model further by measuring the asymmetry

parameter and branching ratio of =~ — ¥ 77 .

This experiment has provided new high quality data in the field of hyperon radia-
tive decays. It confirms a large negative asymmetry for ¥+ — pv and the branching
ratio of ¥t — pvy as measured by previous low statistics experiments. The results
presented here have helped to clarify two important measurements in hyperon radia-
tive decays. It is hoped that they can point the way to a clearer understanding of
these decays. We also look forward to publishing new measurements on other hyperon
radiative decays with the rest of the data we collected. We hope that these new high

quality data will stimulate progress in this area.
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