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Abstract

Foi the BABAR experiment, an amplitude and timing analysis of photons produced by a pro-
ton beam in a quartz bar has been performed. The photoelectron yield is obtained for different
angles and positions. It is found that the linear speed of propagation of the Cherenkov photons
through the bar is well described by internal reflections. The timing analysis reveals also the
existence of an unexpected parasite light component, not described by the simulation. However,
all the results can be reproduced by adding an isotropic scintillation of about 4 photons/cm in
the quartz bar on the trajectory of the primary proton, in 50 % of the cases.
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1 Introduction

A new kind of detector for Particle Identification is being developed for the BABAR experiment
(the PEP-II BB asymmetric factory). The principle of the DIRC (Detection of Internally Reflected
Cherenkov light) is to generate Cherenkov photons inside a quartz bar, and to propagate them by
internal reflections down the bar (preserving the angle in a planar geometry), until the output. The
photons then reach a surface for detection (PMTs array) situated farther and the reconstruction of
the ray between the PM hit and the bar output gives access to the Cherenkov angle and thus the
nature of the particle.

Fused quartz is a natural (and not too expensive) medium for the bar since its refractive index
is high (n ~ 1.47, allowing internal trapping of the photons for all track angles) and its absorption
length (in the energy domain considered for the PMTs) is low. However, its behavior in the high
energy physics domain is not well known.

We report here some measurements (and interpretations) of the photoelectron (pe.) yield
produced by a proton beam inside a rectangular quartz bar at various track angles and impact
point positions. For the first time, fast measurements (by TDCs) of the arrival time of photons
at the end of the bar have also been made. This quantity is of crucial interest in the real-life
experiment since photons travel a long distance in the bar (a few meters) and time measurement is
necessary to associate the PMTs above threshold with the tracks in the events. Timing information
is also necessary to distinguish between different light components (direct Cherenkov, reflected, or
other sources).

2 Experimental set-up

2.1 Components

A quartz bar of dimension 1.7x4.7x120 cm had been placed in a proton beam at Saturne. The
available energy was j3 — 0.95 and 0 — 0.80. Simultaneous measurement of the amplitude (via
an ADC) and of the arrival time of photons (via a TDC) were made using PMTs (RTC 3462)
glued at the end of the bar via an optical silicon joint. The bar could be rotated (by an angle
$£>) and scanned for different positions of the beam impact point (noted z w.r.t to a PM). The
coincidence between two fast scintillators, before and after the bar, was used for triggering, and
two drift chambers gave the position of the incoming track.

2.2 Readout

Each PMT was equipped with a constant fraction discriminator (CFD) which gave, for a signal
above threshold, the STOP-TDC signal (START coming from the coincidence of scintillators, with
a 0.2 ns binning), and opened a 100 ns gate to integrate the charge on the ADC (LECROY 2249A).
An attenuator was used to give a great enough spread of the ADC (1 for a single pe., more than
50 for signals).



2.3 Experimental configurations

2.3.1 Configuration I

In the first configuration (referred to as "I" in the following), the beam energy was /3 = 0.95, and
both ends of the bar were equipped with the readout (Figure 1). For this energy protons, the mean
expected Cherenkov angle is 0c ~ 44°, while the critical Brewster angle for internal propagation is
OB — 43°. When the bar is perpendicular to the beam (Op = 0), the Cherenkov light should then
propagate in both directions. When the bar is rotated , the light should be transported towards one
of the PMs , while the other should not have any signal. The following angles have been considered:
$D = 0) +15, +30 , -15°. The angle is considered as positive when the direct light goes towards
the right PM.

= 0.95

silicon
joint

Figure 1: Illustration of the experimental configuration I

2.3.2 Configuration II

In the second configuration (Figure 2), the beam energy was /3 = 0.8. The right PM had been re-
placed by a mirror, and all measurements were made on the left PM. The mean expected Cherenkov
angle was now 6C ~ 32°. The light should therefore not have been transported in the bar for 6D = 0°>
and be reflected by the mirror for 9D = +15, +30° and then reach the PMT.
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Figure 2: Illustration of the experimental configuration II

3 Amplitude analysis

3.1 Single photoelectron

The amplitude of the single thermal photoelectron spectrum has been measured for both PMTs and
is displayed on Figure 3 (with a 0 dB attenuation). The dynode tail and the photoelectron signal
are well separated by the ADC and the values deduced from these plots have been used to obtain
the photoelectron yield (3.2) and introduced later in the simulation (5.1). A slight fluctuation
of the pedestals (of the order of 10 %) has been noticed during the runs measured with random
triggers. This effect has been taken into account in the results presented above by assuming a linear
variation with time.

3.2 Number of collected photoelectrons

The measured number of pe.s (in configuration I) is obtained by normalizing the ADC values to
the single pe. spectrum, taking into account the attenuator. Figure 4 shows the variation of the
mean number of pe.s collected on the right PMT when doing a scan through the bar, for a given
track dip angle ( 9JJ — -(-15° has been chosen to maximize the number of internal reflections).

One notices that the attenuation due to the transport of photons in the bar is low (2.4 ±
0.2(stat) %/m). This reflects the quality of the faces of the bar indicating that the planarity meets
widely the needs of the experiment. Similar results have been obtained with the same type of bar
at BELLE [1].

Figure 5 shows the variation of the pe. yield collected on the right PMT with the track dip
angle, for a given z position (the middle of the bar has been chosen). The increase with the angle
is due to a larger width of quartz being crossed by the beam and a higher transport efficiency of
the photons . The increase for $D = 0° is due to the fact that, for this particular angle, the light is
transmitted towards both PMs, and a fraction is reflected on the left PMT, summing up with the
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Figure 3: Single photoelectron spectra for the right and left PMs of the experiment.
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Figure 4: Mean number of photoelectron collected on the right PMT in configuration I for different
values of the track-PM distance. The track dip angle is 0D = 15°. The statistical errors are smaller
than the data points.
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Figure 5: Mean number of photoelectrons collected on the right PMT in configuration I for different
track dip angles. The beam crosses the bar at its middle.The statistical errors are smaller than the
data points.

direct signal in the 100 ns ADC gate.
Assuming a 15% transmission loss for the silicon joints, a perfect planarity of the sides, and a

PM reflectivity of about 10%, the simulation describes correctly the data.

3.3 Reflected light

In the configuration I, all the signal is expected to be observed on the right PMTs (for positive
angles). However, a small number of pe.s has also been observed on the left PMT. The relative
values obtained for different track angles are given in table 1.

Angle (°)
+45
+30
+15

0
-15

left/(left+right)
9 %
9.8%
8.4%
45%
90%

Table 1: Fraction of light observed on the left PMT, in configuration I.

Assuming that these photons come from a part of Cherenkov light reflected on the PM, the



measured reflectivity is about:
PPM =* 10%

The timing analysis will confirm this hypothesis.

4 Timing analysis

4.1 Experimental results

In the configuration I, two TDCs were used to measure the arrival time of photons on both PMs.
The behavior of this arrival time on both PMs is illustrated on Figure 6, when the beam to PM
distance is varied for a given track dip angle (6D = +30° has been chosen as an example).

Several comments can be made from Figure 6.

• On the right PMT the arrival time of photons increases when the distance to the beam
increases. This is expected for Cherenkov photons. The width of the signal is about a ~ Ins.

• When the beam is far from the left PM (fig a), an approximately gaussian signal is observed
. One notices that its width is larger (a ~ 2 ns). This is natural in the hypothesis of photons
reflected on the right PM since there are a few photons which have to travel a large distance
and are thus more sensitive to their dispersion.

• As the distance from the beam to the left PMT decreases, another component emerges and
stops the TDC before the previous signal. This happens in about one third of the cases.
The arrival time of these photons is decreasing when the distance to the left PM decreases,
indicating that these photons are directly propagated from the beam to the left PMT and
thus cannot be Cherenkov radiation.

• The other fraction of the left signal is varying in the other direction, consistent with light
emitted toward the right PMT.

4.2 Linear speed of propagation

The qualitative results presented above are studied more generally with the whole set of runs, by
determining the linear speed of propagation through the bar:

where At represents the variation of the mean arrival time of photons on the PM, as measured
from the TDC, and Az the variation of scanning distance.

In a naive 2 dimensional picture of the bar, this should correspond to:

vz = -sin(0c + OD) (2)
n

where n is the refractive index and $c the Cherenkov angle (depending slightly on the wavelength of
the emitted photons). For a given track dip angle, this speed should be constant (since 7 measures
the arrival time of the first photon).
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Figure 6: Arrival time of photons (in TDC units) on the left and right PMfor various z, at $D = 30°.
Plots on the left side (a-c-e-g) correspond to the left PMT, while plots on the right side (b-d-f-h)
correspond to the right PMT. The z values (w.r.t the left PM, noted zL) are : a-b: zj; = 110 cm,
c-d: zi, = 85 cm, e-f: z — 60 cm, g-h: zi = 35 cm. This means that, from upper to lower plots,
the beam is shifted from the right PM to the left PM.



Figure 7 shows the arrival time of photons (mean of the distributions shown on figure 6) in
function of the distance of the beam to the left PM (noted ZL) , for the three time components
described in 4.1. One observes straight lines and the fitted slope indicates the linear speed of
propagation.
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Figure 7: Variation of the arrival time on the PMs for different beam positions , for the three
components described in the text. The track dip angle is BD = 30°.

The component labeled as DIRECT has been determined on the right PMT and corresponds
to the direct Cherenkov light.
For the other PM, the two components vary with opposite slopes. One (RABBIT) has the same
speed as the direct light but arrives some time later, confirming that it corresponds to a portion of
light reflected on the right PMT. The other one (TURTLE) is some light emitted directly toward
the left PMT traveling with a low speed. This can be seen , in the formalism developed by Jean
de la Fontaine [2], as a competition between the fast "rabbit" which has a large distance to travel
and the slow "turtle" going directly to the left PMT. Notice that the TDC always stops at the
first arriving photon, indicating that the turtle is not always present on the data. For distances ZL
above 60 cm, the rabbit always wins and no turtle can be distinguished.

This determination of the linear speed of propagation has been performed for all the track dip
angles, and the results are summarized in table 2. Also present in this table is the theoretical
linear speed for direct Cherenkov light calculated by (2). The measured slopes are given a sign
corresponding to their variation with ZL with the convention of Figure 7. Notice that for the
0D = 0° case, the direct light propagates in both directions (cf. 2.3.1) and a measurement of
the rabbit and/or turtle light is no more possible since TDCs are blocked by the Cherenkov light.
The error given in this table just corresponds to statistical uncertainties. The main systematics
come from the determination of the mean TDC value on the left PM by fitting the signal with two



gaussians. One can get an insight on this value, by trying different parametrizations of the signal.
When doing this, the results obtained move by less than 0.3 ns/m. The signal for the direct light
does not change since it is clearly gaussian.

-15
0

+15
+30

theoretical
5.7
7.0
5.7
5.1

(ns/m) direct
+5.1
±7.3
-5.5
-4.2

(ns/m)
±0.2
±0.1
±0.1
±0.1

rabbit
+5.2

-5.4
-4.0

(ns/m)
±0.1
-
±0.2
±0.2

turtle
-6.5

+6.7
+7.3

(ns/m)
±0.2
-
±0.2
±0.3

Table 2: Linear speed of propagation measured on data for different track dip angles, for the three
components observed on the TDC and described in the text.

From this table, the following comments can be made:

• The comparison between $D — +15° and 6p = -15° indicates that the results are consistent.

• The linear speed of propagation of the 'rabbit' is always equal to that of the direct light and
varies in the same direction, confirming the nature of the rabbit as a portion of direct light
reflected at the quartz-PM interface.

• For $D = +30°, the measurement of the direct (and reflected) speed of propagation is sub-
stantially lower than what is expected. The fit (cf. Figure 7) is good and no reason has been
found for this discrepancy.

• The linear speed of propagation in this bar (of index ~ 1.474) is limited by the speed of
light (v^a = 4.9ns/m), and the critical Brewster incidence (v^jn = 7.2ns/m). As its
name implies, the 'turtle' component thus travels almost at the minimum velocity , and quite
independently on the track dip angle.

4.3 Characteristics of the parasite light

Other aspects of this 'turtle-light' have been studied on data.
Isotropy Some non gaussian tails have been observed on the ADC signal corresponding to

the direct Cherenkov light measurement. This is illustrated on Figure 8 ( where Or) = 30° and
ZL = 10 cm). On this plot, the amplitude on the right PM is shown together with the timing of
photons arriving on the left PM. The turtle signal is clear. If one cuts on the upper amplitude
of the right PM (hatched histogram), the timing analysis reveals that the proportion of turtle on
the left PMT becomes much higher. In other words, when one observes an important number of
pe.'s on the right PMT, there has been almost always some turtle parasite light detected on the
left PMT. This is a proof for propagation of this light in both directions.

Occurrence As is clear from Figure 6, the turtle-light is not always present on the events. An
astonishing feature is that this proportion varies with the distance. Figure 9 shows the proportion
of this light (normalized to the total number of events on the left PM), for the case &D = 15° and
$D = 30° , when the distance of the beam to the PM varies. Clearly, the proportion of parasite
light increases when one gets closer to the PMT. This suppression is important (of the order of 30

10
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Figure 8: Amplitude measured on the right PMT, with the TDC timing observed on the left one.
Hatched histograms correspond to a cut above 480 in the amplitude signal, and its effect on the
left PMT is shown (magnified by a factor x5j.

%/m) and cannot be explained by some absorption during the propagation in the quartz (which
is of the order of a few %/m, cf. 3.2). Also it has been verified that this effect is not due to the
threshold of the Constant Fraction Discriminator (there are few photons) since the same fraction
of turtle is observed using an attenuation of 10 dB on the left readout.

Below threshold In the case of configuration II ((3 — 0.8), no signal should be seen on the
PM for 0£> = 0° (cf. 2.3.2). However, a significant signal is observed, as is shown on Figure 10.
The timing analysis reveals a component arriving on the PM, and also some time later another
component (notice that the only relevant observables for the timing are relative values since no to
is known). If one thinks of an isotropic emission of light, this second component can be identified
as a reflection on the end mirror. Knowing the bar length, one can deduce for this run, the linear
speed of propagation of this light using these two components: v~* = 6.2 ± 0.5 ns/ m . This value
is close to what has been measured for the turtle in configuration I.

11
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Figure 9: Occurrence of the turtle light on the left PMT in function of the distance to the beam,
for 9D = 30° (squares) and Op = 15° (open circles).

Let us summarize the properties of the parasite turtle light as observed from the data:

• It is unexpected (as will be confirmed by the simulation, cf. 5.1).

• The linear speed of propagation in the bar is low (almost at the minimum limit) independently
of the track dip angle.

• It is emitted in the left and right directions, indicating isotropy.

• Its measured occurrence varies with the distance, increasing when the beam gets closer to the
PMT. This property seems also independent of the track dip angle.

• The light is present even under the propagation threshold in the bar.

In the following, a Monte-Carlo simulation has been performed to understand the nature of this
'turtle' component.

5 Monte-Carlo modelization

The whole experimental set-up has been simulated using the BBSIM Monte Carlo based on the
GEANT 3.21 package [3]. The exact geometry of the quartz bar has been used in input, and protons
(0 - 0.95 and /? = 0.8) have been generated for the different angles and positions corresponding
to the data. In this simulation, Cherenkov photons are generated inside the bar on the proton
path, according to a Poisson distribution with a quality factor determined in previous prototype

12
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Figure 10: Number of photoelectrons observed on the PM in configuration II, for Op =0° , and
arrival time of these photons (an arbitrary translation on this time is performed). Also shown
(superimposed) are the predictions of the simulation BBSIM default program.
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measurements [4]. Each photon is then tracked inside the bar. The chromatic dispersion, the
absorption losses, and the reflections on different sides of the bar are taken into account during the
propagation. The number of photons and their arrival time has been obtained at both ends of the
bar. To compare these values with the data, the number of collected pe.s has been smeared by the
single photoelectron resolution (from Figure 3) and integrated during the 100 ns gate of the ADC.
For TDC values, the arrival time of each photon has been smeared by the Time Transit Spread of
the PM (2 ns) and hatched in a 0.2 ns binning. Finally, since the Constant Fraction Discriminator
plays an important role in this analysis (start-ADC gate and stop-TDC), and to study the effects
of pile-up photons, it has also been simulated using the constant fraction triggering technique [5].

5.1 BBSIM results

In the GEANT simulation, photons are generated via Cherenkov radiation and photoelectric effect.
No scintillation is yet implemented. To check if the simulation can describe correctly the data, in
particular for the parasite-turtle emission (one could think of tf-rays, i.e. knock-on electrons above
Cherenkov threshold), the results obtained in Configuration II at 9D = 0 have been compared to
the Monte Carlo for the same number of proton events. As is clear from Figure 10, the simulation
does not describe the data, the contribution from S-T&ys being very low.

5.2 Adding scintillation

The PMT measurements of light indicate an unknown component in the bar. It has then been tried
to reproduce the data results, by adding in the simulation, an isotropic scintillation in the quartz
on the trajectory of the proton. This scintillation does not occur every time, but with a given
probability which will be referred to in the following as the occurrence. The degrees of freedom for
this phenomenon are the occurrence and the mean number of photons generated in the bar.

5.2.1 Simulation of configuration II

The easiest way to adjust the previous parameters is to start from the configuration II run at
OD = 0, since almost all the signal comes there from the turtle source. The results from the
simulation but including now some scintillation (detailed hereafter) are compared to the data on
Figure 11, for the same number of proton events.

The agreement is now quite good (as compared to Figure 10).
For this scintillation, isotropic photons were generated inside the bar following a Poisson dis-

tribution of mean NQUrtle = 3 7/cm* with a 45% occurrence. An assumption had to be made
concerning the wavelength of these photons: since no data allow us to discriminate between differ-
ent spectra, a uniform spectrum has been chosen (i.e. the wavelength was cut by the quantum
efficiency of the photocathode, between about 300 nm and 600 nm). Different spectra (in particular
discrete rays) have been tried and no significant change on the results has been observed.

'this value includes the quantum efficiency of the photo-cathode, and should thus be compared to the quality
factor of No = 139 cm"1 used to generate Cherenkov photons in this simulation

14
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Figure 11: Number of photoelectrons observed on the data (points) in configuration JI (9JJ =
0°), and arrival time of these photons (an arbitrary translation on this time is performed). The
comparison with the simulation (grey histogram) including a scintillation of 3 7/ cm in the bar, in
45% of the cases is shown.
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5.2.2 Simulation of configuration I

It will be checked in this part if the simulation can describe the features observed on runs taken in
configuration I (when 2 PMs are used and with /? - 0.95 protons). Figure 12 shows the comparison
between data and Monte Carlo for a given test run ($D — 15°, zj& = 19 cm where the turtle
component is large) when using the default BBSIM simulation. The main features are described
correctly by the simulation except for the arrival time of photons on the left PMT, where the TDC
almost always stops at the arrival time of reflected photons. Clearly, here again, £-rays cannot
account for the observed signal on the left PM.

PM left PM right

0 20 40 60 80 100
N..

1200
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~ $

-

-
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-10 0 10 20

Figure 12: Number ofphotoelectrons (a-b) observed on the data (points) in configuration I on both
PMTs (left plots for the left PMT and right for right PMT), for 6D = 0° and zL = 19 cm and
arrival time (c-d) of these photons. Comparison with the default simulation (grey histogram) is
shown for the same number of proton events.

Adding now in the simulation some isotropic scintillation with parameters determined previously
( Nourtle = 3 7/cm and 45% occurrence), the results obtained are shown on Figure 13.

The agreement is now quite fair. One can even try to adjust more precisely the parameters of
the turtle emission to reproduce the data. To do this, one should not focus on this particular run,
but use all the different data available to reproduce the different distributions. After several tries
of parametrization, it appears that the best adjustment to the turtle emission for the j3 — 0.95
protons is:

16
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Figure 13: Number of photoelectrons (a-b) observed on the data (points) in configuration I on both
PMTs (left plots for the left PMT and right for right PMT), for 9D = 0° and zh = 19 cm and
arrival time (c-d) of these photons (an arbitrary translation on this time is performed). Comparison
with the simulation program (grey histogram), with an isotropic scintillation of Ntf***1* = 3 7/ cm
in 45 % of the cases, is shown for the same number of proton events.
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turtle =
= 4 7 / c m with a 50% occurrence.

5.2.3 Speed of propagation

In each particular configuration (angle and position) corresponding to the data, 2000 events have
been simulated with the scintillation of NQUTtle = 4 7/cm and a 50% occurrence. The linear speed
of propagation of the different components has been determined in exactly the same way as for the
data (i.e. by fitting slopes as in Figure 7). The results obtained are shown in Table 3.

9D (°)
-15
0

+15
+30

theoretical
5.7
7.0
5.7
5.1

(ns/m) direct
+5.8
±6.6
-5.8
-5.0

(ns/m)
±0.1
±0.1
±0.1
±0.1

rabbit
+6.3

-6.3
-5.9

(ns/m)
±0.2
-
±0.2
±0.3

turtle
-5.7

+5.7
+5.6

(ns/m)
±0.3
-
±0.3
±0.3

Table 3: Linear speed of propagation measured on the simulation for different track dip angles, for
the three components observed on the TDC and described in the text. This simulation includes an
isotropic scintillation of Nourtle = 4 7/cm in 50% of the cases.

The errors listed in this table are statistical and the main systematics (due to the fitting proce-
dure) are of the order of 0.3 ns. By comparing this table to the data results (Table 2), the following
comments can be made:

• The values measured for the direct light are close to what was expected in the naive 2 dimen-
sional picture of the bar. This confirms the discrepancy between what has been measured for
the 9D = 30° run and what is expected.

• The rabbit's (reflected light) speed of propagation is somewhat faster than that of the direct
light but nevertheless consistent within errors. It has been verified (with higher statistics
and no turtle emission), that its measured speed of propagation matches correctly that of the
direct light.

• The speed of the turtle component is found to be independent of the track dip angle and of
the order of 6 ns/m. Given the level of precision intended in this simulation, this gives a good
agreement with what has been measured on the data.

5.2.4 Occurrence

The proportion of turtle light on the left PMT has been also studied on the simulation with the
same procedure as for the data. The results are summarized on Figure 14.

The agreement with what has been observed on the data (Figure 9) is good. It is interesting
to notice that the simulation describes correctly the increase of the turtle occurrence when getting
closer to the PMT, without adding any thinkable gradient of impurity to explain a variation of
scintillation through the bar. This has been understood on the simulation the following way:
Since very few turtle photons propagate in the bar (for 9p = 30° a reasonable estimate is a
Poisson distribution of mean 1.8), the arrival time of the first photon reaching the left PMT has

18
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Figure 14: Occurrence of the turtle light on the left PMT in function of the distance to the beam, for
0D = 30° (squares,) and $JJ = 15° (open circles). This simulation includes an isotropic scintillation
ofNturtle _ 4 1j cm in 50% ofthe cases

large tails corresponding to the dispersion during the travel in the bar. This dispersion increases
with the track-PMT distance, giving a less and less symmetric shape towards large arrival times.
On the other hand, the distribution of the arrival time of reflected photons (rabbit) on the left
PMT is much more gaussian-like since the number of photons is more important (about 10 % of
60). When the mean of those two distributions get closer (i.e. beam-PMT distance increases), the
gaussian distribution masks more and more the tails of the turtle one (remember that the TDC
always stops at the arrival of the first photon). In other words, the mean number of the emitted
turtle-photons remains the same for different z's, but the shape of the turtle-photon arrival time
distribution changes with the distance and a more and more important part is truncated by the
rabbit distribution when the distance of the beam to the PMT increases. This results in a decrease
ofthe turtle occurrence with the distance when fitting the arrival time distribution by 2 gaussians.

6 Conclusion

The time of propagation of photons produced in a quartz bar by a relativistic proton beam has
been studied. Three components have been identified:

• Direct Cherenkov light The photoelectron yield has been measured and is consistent with
previous measurement (about 65 pe.'s for a &D = 30° track). The speed of propagation
through the bar can successfully be reproduced by a simple formula: vz = % sin(0c + #D)
where n is the refractive index, 6D is the track dip angle and Be the Cherenkov angle. However,
a higher speed than expected has been measured for the Bjy = 30° case (4.2 ns/m).
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• Rabbit: A component has been identified on the "forbidden PM" corresponding to a part
(~ 10%) of directed Cherenkov light reflected at the bar-(other)PMT interface. It is inter-
esting to study this component since the same order of magnitude is expected in the real
BABAR detector (reflection at the bar-standoff interface). It has been verified that the speed
of propagation of this component is identical to that of the direct Cherenkov light.

• Turtle: An unexpected light component has also been observed on the "forbidden PM". Prom
the data, its following characteristics have been determined:
- it has a low speed of propagation in the bar (~ 6.7ns/m), independently of the track angle.
- it is emitted isotropically.
- it is not always present (in about 30 % of the cases).
- it propagates in the bar even under the propagation threshold of Cherenkov photons.
From a full simulation of the experimental set-up, it appears clearly that this component
cannot be due to tf-rays in the bar. However, an additional mechanism of generation of
photons in the bar on the proton path (i.e. scintillation) allows to describe all the features
observed on the data. In this case the mean number of scintillation photons must be 4 /cm
(following a Poisson distribution) for 50 % of the proton tracks (/? = .95).

From this analysis, some questions remain concerning the parasite "turtle" component:
- is it the same for other types of particles (in particular TT'S)?
- what is the dependence on the beam energy (here on 2 points j3 =0.8 and 0.95, the mean number
of scintillation photons goes from 3/cm to 4/cm)?
- what is the energy spectrum of these photons? In particular, the quartz is known to have 3
fluorescence rays at 294, 397 and 565 nm. Can they be the turtle?
These questions should be addressed (and hopefully resolved) in some future tests planned at CERN
with the same bar. There the beam will be composed of protons and pions, its energy can be varied,
and some filters will be used at the end of the bar to study their absorption effects.

Finally, it must be stressed that this unexpected parasite light should not degrade the over-
all DIRC performance, since the turtle component will only give a few photons (1-2 by track)
distributed isotropically on the PMT surface. However, one should be aware of possible induced
systematics on the reconstructed Cherenkov angle (and the background), as observed for instance
in [1].
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