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We use a 7 Million event data sample of 600 GeV /c single track pion events, where the pion track is reconstructed
upstream and downstream of the SELEX RICH. We build the RICH ring radius histogram distribution and count
the tail events that fall outside 50, giving a fraction of 4 x 10™° events outside the Gaussian tails. This control
of events establishes the ability of using the RICH as velocity spectrometer for high precision searches of the
K+ - 77 v 0 decay like it is planned in the CKM experiment.
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1. Introduction

Two RICH velocity spectrometers have been
proposed by the CKM collaboration [1-3]. The
CKM goal is a 5% measurement on the V4 ele-
ment of the CKM matrix. CKM requires the de-
tection of 100 K+ — 7™ v & decay events to reach
its goal.

On top of the signal there is a much more co-
pious Kt — 7+ 70 decay. To separate the signal
region a level of 3 x 107° in the fraction of RICH
ring radius tail events is required.

SELEX RICH single track data have been used
to quantify the radius distribution tails. The
present work is an improved version of a previ-
ously reported result in the CKM proposal [1],
where a level of 7.9 x 1072 fractionial events was
reached using only the existence of the track up-
stream of the RICH detector.

2. SELEX

Figure 1 shows the relevant SELEX detectors
used in this study. Each event was triggered by
beam scintillators located upstream of the scat-
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tering targets. The particle is tracked by a mag-
netic spectrometer located upstream of the RICH.
The magnet is surrounded by wire chambers and
silicon strip detectors. In order to remove un-
wanted decays we selected events where only one
track is fit all the way from the beam region to the
wire chambers. To remove multiple track events
we selected events with a single segment found in
the wire chambers. In order to guaranty the track
existence downstream of the RICH we used a set
of position detectors named Vector Drift Cham-
bers (VDC A and B). We extrapolated the up-
stream track to determine the existence of hits
in the VDC chambers and then fit a straight line
to them. We joint the upstream and downstream
segments to form a single track when the opening
angle is less than 0.2 mrad.

We make use of the SELEX Total Cross Sec-
tion Measurement data [4]. The data consist of
600 GeV/c single particle events. The data are
approximately half 7= and half ¥, with a con-
tamination of K~ and =~ at the 1% level. We
make use of the Beam Transition Radiation De-
tector, BTRD, to select only pions as the 8 =1
particle crossing the entire &~ 60 m length of the
SELEX spectrometer.
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Figure 1. SELEX spectrometer schematic.

3. SELEX RICH

The RICH configuration, parameters, and

properties have been previously reported [5,6].
The general features are described in the follow-
ing lines.

The RICH detector consists of a 10.22m long
vessel filled with Ne gas. Cherenkov light was
reflected on a 2.4m x 1.2m spherical mirror of
19.8 m radius and 10mm thickness. The mir-
ror was built from 16 hexagonal pieces, each one
40cm across. The photon detector located at
the focal plane consists of 2848 1/2 in photo-
tubes. The phototubes were arranged in a matrix
of 89 columns by 32 rows. Two different brands
of phototubes were used, Hamamatsu R760 and
FEUG60. The central part of the matrix had alter-
nated columns of each brand of tubes, the outer
part had only FEUG60 tubes.

SELEX uses upstream track information to
locate the ring center on the photon detector.
A likelihood algorithm assigns the ring radius
and locate phototubes on the ring for different
charged lepton, meson and hyperon hypothesis.

The measured single hit resolution is 5.5 mm.
The contributions come from: matrix pixel size,
4.04mm; upstream PWC resolution, 3.0mm;
mirror alignment, 2.06mm; and dispersion in
neon, 1.2mm. The ring radius resolution mea-
sured for the case of single tracks is 1.5 mm, while
for the multitrack case it is 1.8 mm.

In the SELEX RICH all particle species at
600 GeV/c are considered to have the same ra-
dius within the above measured resolution. At
this momentum the 9~ differs by 3.4mm from
the 8 = 1 ring radius, while the electron, p and
7 ring radius overlap at 11.5 cm.

4. Radius Distributions and Tails

Candidate phototubes are selected from a cir-
cular band of £1.27cm centered on the circle
found by the SELEX likelihood method. Using
the ring center and radius as free parameters a
fit with error handling is performed on the can-
didate phototubes [7,8]. This algorithm reduces
the single hit resolution to 0.47 cm by removing
the upstream PWC contribution.

We build the radius distribution and apply a
multi-Gaussian fit to it. Three common parame-
ters are used to describe each Gaussian: number
of entries under the curve (p1); average radius
(p2); and single hit resolution (p3). The fitting
multi-Gaussian function is:
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where i is the number of phototubes on the ring;
fi weights each Gaussian by the number of events
corresponding to each 1.
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Figure 2. Reduced x? distribution obtained from
fitting one multi-Gaussian set to each run data
sample. Half the runs show a systematic feature.

We verified the quality of our data by split-
ting the data in subsamples by run number. We
applied the multi-Gaussian fit to each radius dis-
tribution subsample. From the reduced 2 distri-
bution (Fig. 2) we found that half the runs fit well



a multi-Gaussian set and the other half has a sys-
tematic feature, yet uncovered. We also measured
the dispersion on the radius average; it amounts
to 0.009 cm; well below the single track resolu-
tion. We defined this dispersion as the o obtained
by fitting a Gaussian to a histogram whose entries
are the mean radius of each subsample.

The radius distribution for the full data sam-
ple is shown in Fig. 3 and Fig. 4. Figure 3 cor-
responds to the case where only the existence of
the upstream track has been established. Figure
4 shows the case where the existence of track goes
all the way downstream of the RICH. We choose
to fit two multi-Gaussian sets over the full data
sample radius distribution in order to get an ac-
ceptable x2. Each one of the two multi-Gaussian
sets has its own center, width and height as ex-
plained above.
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Ring radius Distribution, upstream

The relevance of Fig. 4 is the reduction on the
tail event population compared to Fig. 3. We de-
fine as tail region in the radius distribution all
but the central radius region between 10.6 and
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Figure 4. Ring radius Distribution, upstream and
downstream track.

12.4cm. The central region corresponds to 10
times the worst case multitrack radius resolution.
In the tail region we count 677 events or a frac-
tion of 7.99 x 10~° for Fig. 3. The tail region of
Fig. 4 has 297 events or a fraction of 3.99 x 1075,
We remove half tail events while losing 12.13%
data due to VDC reconstruction efficiency. This
fraction of events is very close to the CKM exper-
iment requirements.

We model the expected decay events we may
discard requiring the downstream track existence.
We take into account possible ¥~ and K~ decays
that may happen inside the RICH. The decays are
restricted to pass our candidate phototube selec-
tion criteria and they are outside our joint up-
stream - downstream segment definition. These
decays fall in a window of 0.2 to 0.85 mrad in the
decay opening angle. The 7~ decay is not con-
sidered due to the fact that the opening angle
between the 7~ and p~ is well below 0.2 mrad.

Table 1 summarizes the results of the model.
We obtain 600 events which are discarded as de-
cays by the upstream - downstream concatena-
tion. This should be compared against the mea-



sured difference in the tails of figures 3 and 4
which accounts for 300 decay events, taking into
account the VDC inefficiency loss.

We use an extended radius distribution tail re-
gion, defined by all but the central radius region
between 11.0 and 12.0cm. We now define as tail
events the absolute difference between the data
and the fitting curve. We found 3561 tail events
outside the fitting curve for Fig. 3 and 2195 tail
events for Fig. 4. The difference between those
tail events amount for 934 decay events after cor-
recting for VDC inefficiency.

The fact that we are removing hundreds of
events with the VDC track existence is in agree-
ment with a decay model inside the RICH. Qur
new algorithm selects better single track f =1
events.

baryon/meson (>8 BTRD planes) | 0.0015

3~ at downstream end of RICH 3044.36
3~ at upstream end of RICH 4903.17
Y.~ decaying inside of RICH 1857.81

¥~ decays not discarded by RICH | 379.36
Y.~ decays discarded by VDC 354.7
K~ decays discarded by VDC 304
Total events discarded by VDC ~ 660

Table 1
Interpretation model of discarded decay events.

The kind of events left on the tail radius dis-
tribution region have predominantly a “C” like
shape, with all the phototubes in half of the ring,
as shown in Fig. 5. Contrary to “C” like events,
the events that are near de average radius have
plenty of phototubes distributed on the ring. The
“C” like events either reduce or enlarge the cir-
cle depending on its own distribution and noise
around the ring.

5. Photon Detector Simulation

A simulation of the phototube distribution on
the RICH photon detector was made with the fol-
lowing considerations: a ring radius of 11.51 cm;
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Figure 5. Typical event in radius distribution tail,
“C” like form. Ring and PMT’s found by SELEX
likelihood method.

the number of phototubes given by a Poisson dis-
tribution with a mean of 11.96; the phototube
angular position on the ring randomly flat dis-
tributed; the x and y phototube position dis-
persed by a Gaussian distribution of o = 0.44 cm;
and excluding overlapped simulated phototubes.

We added noise on the ring by switching on one
of the six neighboring tubes with a 0.25 prob-
ability. In addition, we added random noise to
the whole phototube array with a probability of
0.0023, equivalent to 13.5kHz. At this stage we
did not take into account the difference on config-
uration, efficiency and noise between phototube
brands. Table 2 compares the ring radius, num-
ber of phototubes on the ring, and total number
of phototubes for simulation and data. There is
fairly good agreement between phototube detec-
tor data and simulation.

distribution simulation data
mean, RMS | mean, RMS
radius [cm] 11.53,0.19 | 11.49,0.15

PMT’s on ring | 11.75, 3.01 11.65, 3.01
PMT’s total 19.32, 4.13 19.27,4.18
| No. events [ 261198 | 316017 |
Table 2

Photon detector simulation and data.

We show the maximum angular separation of



hits in a ring in Fig. 6 for simulation and data.
The distributions peak around around %w radi-
ans. The fraction of events with a maximum an-
gular separation of > 7 radians is 0.00145 and
0.00137, respectively. The maximum angular sep-
aration let us appreciate how randomly nature
produces the “C” type events.

6. Summary

SELEX RICH single track data have been used
to quantify the ring radius distribution tail. The
present work is an improved version over the al-
ready one reported in the CKM proposal, where
the fraction of tail events was 7.9 x 1075, By
requiring the existence of the track downstream
of the RICH we reduced the sample by 12.13%
and we pushed down the fraction of tail events to
3.99 x 1075, This level of precision is close to the
requirements of high precision experiments like
CKM.

The number of rejected tail events are in agree-
ment with ¥~ and K~ decays in the RICH. These
decays are in a window of 0.2 to 0.85 mrad in the
angle between the two charged particles of each
decay.

The kind of events left on the tail radius dis-
tribution region have all the phototubes in half
of the ring. The phototube array resemble a “C”
shape. The effect of the “C” type events will be
reduced, in future experiments, by using efficient
and the less noisy brand tubes to avoid deforma-
tion on the ring fit. The “C” type events that
remain with a better detector are a-priori identi-
fiable and can be cut with a rather small loss if
necessary.
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Figure 6. Maximum angle between two consecu-
tive PMT’s. Continuous line, Entries, Mean and
RMS are data. Dotted line is simulation.
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