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Abstract — This paper describes an aerogel threshold par-
ticle identification detector developed for use in BABAR, the
erperiment to be run at the asymmetric ete™ B-factory
PEP-IT under construction at the Stanford Linear Acceler-
ator Center (SLAC). Results of extensive tests performed
at the CERN PS indicate that this detector is capable of
separating pions from below threshold particles in a wide
momentum range. The detector is read out by a new ver-
sion of a Hybrid Photon Detector (HPD). The HPD has
been chosen because of its excellent behavior in high mag-
netic fields where it can be successfully exploited to preserve
the required PID performance.

I[. INTRODUCTION

HE growing interest in B physics has given new

impetus to the development of particle identifica-
tion (PID) detectors. The separation of kaons from
pions plays a key role in tagging the flavor of the neu-
tral B mesons and the identification of interesting final
states that are crucial to the measurement of CP vio-
lation and CKM parameters.

One of the techniques recently taken into consid-
eration [1], [2], [3] is the detection of Cherenkov light
produced by particles crossing aerogel blocks of suit-
able refraction index.

Due to current availability of low index, good qual-
ity aerogel, proof of principle of an aerogel particle
identification detector have been established through
several beam tests of prototype counters readout with
fine mesh photomultipliers in a strong magnetic field
up to 2.0 T [4], [5], [6], [7]. With the newly developed
proximity-focused Hybrid Photon Detector (HPD), it
is now conceivable to design compact detectors that

can distinguish pions from kaons up to ~ 4 GeV/c,
simply by measuring the quantity of emitted photons.
Such Aerogel Threshold Counters (ATC) are thus
much simpler to build and maintain than both tradi-
tional ring-imaging detectors and gas-filled Cherenkov
counters. They can also find a place inside the high
magnetic fields of collider detectors, provided that a
suitable photon detector is chosen.

Hereafter we describe the results of tests performed
at CERN on an ATC detector read out by proximity-
focused HPDs. The HPD version used by us is the
latest development of a photon detecter that has re-
cently prompted much work {8] and is here exploited
in one of its first applications in a real detector.



II. THE EXPERIMENTAL SETUP
A. Aerogel blocks

The detector proposed for BaBar [4] has to separate
pions from kaons between 0.6 and 4.0 GeV/c. This task
can be accomplished by an ATC detector formed from
two cells of different indices of refraction. The detector
arrancement an the heam line is shawn in Fienre 1.

30x30/

Fig. 1. Schematic view of the detector test beam setup (dimen-
sions are in mm).

The first is a block formed from eight 5 x 5 x 3
cm? slices of aerogel "SAN-95” [9] produced at the
Novosibirsk Institute of Catalysis with nominal refrac-
tion index n=1.05, while the second is a n=1.008 block
formed from five 9.5 x 9.5 x 2.6 cm? slices produced
at the Jet Propulsion Laboratory (JPL). Their overall
dimensions and nominal thresholds for = and K are
reported in Table L.

TABLE I
PROPERTIES OF AEROGEL USED IN TESTS.
n dimensions Penr Phs
(cm3) (GeV/c) | (GeV/e)
"1.05 16 x 10 x 6 0.44 1.54
1.008 | 9.5 x 9.5 x 13.1 1.10 3.90

These blocks were placed in plastic boxes with 5
faces covered with reflective material while the sixth
was an air light guide supporting the photodetector.
On the high index block we used a kind of wrapping
for all faces and light guide walls consisting of a 50 um
layer of aluminum and three layers of 250 um PTFE
(Teflon).On the low index block we used the same stan-
dard wrapping, except for the three faces of the box
parallel to the particle direction. On these faces the
inner layer of PTFE was covered with PMP [10], a
wavelength shifter that absorbs Cherenkov UV light
and re-emits it in the 400 nm region. The use of PMP
is expected to result in improved light collection effi-
ciency, by the fact that it shifts the photon spectrum
to longer wavelengths, where the absorption lenght of
aerogel is longer.

On the low index block we also used other wrap-
pings, in order to better comprehend the behavior of

the detector. All these wrappings had a first layer of

50 pm of aluminum and, on top of it:

o WRI1: all the 5 faces covered with three layers of

250 pym PTFE;

» WR2a: front face with one layer of 250 pum PTFE,

the remaining 4 faces covered with three layers of 250

pm PTFE;

e WR2b: front and rear faces with one layer of 250

pm PTFE, the remaining 3 faces covered with three

layers of 250 gm PTFE;

o WR3: same as high index box except front and rear

faces covered with 2 layers of Millipore paper ! + 2 lay-

ers of Bristol paper 2 + 1 layer of PTFE, the remaining

3 faces covered with three layers of 250 um PTFE.
The high index block is viewed by one HPD, while

two HPDs are employed for the lower index block that

produces fewer photons.

B. Beam setup

The test was performed at the secondary T10 beam
line of the PS accelerator at CERN during a 3-week run
in November and December 1995. Both the sign and
momentum of the extracted particles can be selected
by the user: negative settings results in a 7~ beam
while the steering of positive particles selects a beam
of 7t and protons with a comparable intensity at 5
GeV/c. Magnet current settings enable selection of
momentum in the range 1 — 5 GeV/c.

At the end of the extracted beam line, two Gas
Cherenkov Counters (C1 and C2) filled with CO; with
a maximum overpressure of 3.3 bar provided a clean
7 /proton separation for momentum greater than 2.5
GeV/ec.

The experimental set-up was installed at the nomi-
nal beam focus position at the end of C1. Three small
plastic scintillator counters (S1,52,53 in Figure 1) de-
fine the beam trigger. -

To avoid triggers with more than one particle cross-
ing the aerogel counters, the beam intensity was opti-
mized and a 10x13x1 cm?® plastic scintillator (V) was
used as an out-of-time particle veto counter. The ac-
tive area of this counter fully covers the active area of
the aerogel counters being tested.

To perform a scan over the entire aerogel volume,
the prototype detector was placed on top of a motor-
driven table whose position could be shifted in steps
of a few tenths of a millimeter along the horizontal (z)
and vertical (y) directions (z being the beam axis).

C. The trigger

Three triggers, causing an event to be read out by
the data acquisition system, were implemented: beam,
pedestal and LED. The beam trigger was used to select
any particle within the beam that passed through the
apparatus. We collected data with both positively and

! Millipore HAWP 0.45 (450 nm), 150 pm thick
2\White paper, 250 p thick



negatively charged beams. We also collected events in
which no particle passed through the apparatus. These
were called “pedestal” events. LED events were used
to calibrate the photo-detectors.

A beam event was generated by the coincidence of
the 3 scintillation counters shown in Figure 1,

beam =S1.52.S3

A “pedestal” event was triggered by a pulser to mon-
itor the stability of the detectors when there was no
input signal. A pulser was also used to activate a
light emitting diode (LED), which was connected to
the aerogel/photo-detector boxes via an optical fiber.
This allowed the photo-detectors to be exposed to a
controlled amount of light. The pulse was also sent
to the trigger electronics to read out the event. LED
events were only collected in separate calibration runs
and not as part of normal beam data acquisition pro-
cedures.

The final trigger signal sent gating signals to the
readout electronics and subsequently caused the event
to be recorded.

The T10 beam in the PS provided a 400 ms burst
of particles every 13 s. During each burst we recorded
about 50 events of beam particles, and about 5 - 10
pedestal events, whereas additional 5 — 10 pedestal
events were detected outside the burst.

For some of the data collected we also included the
2 gas Cherenkov counters, in anti-coincidence in the
beam trigger. This was to select only protons in the
beam.

D. The DAQ system

Signals from the HPDs, after being amplified and
shaped, were digitized by both flash Analog to Digi-
tal Converters (ADC) 3 and peak-sensing ADC 4. The
sampling frequency of the flash ADC (FADC) was set
to 10 MHzg for a total sampling period of 15 us while
peak sensing was activated by a 1 us gate signal. Two
flash ADC channels were used to register also the his-
tory of the veto counter pulses and the trigger sig-
nal timing. Moreover, all the scintillator and beam
Cherenkov counter signals were digitized by charge-
sensing ADC 5.

In the analysis described here we took the more
conservative approach of using only peak-sensing data.
A comparison with the performance achievable with
the FADC is presented at the end of this paper.

The data acquisition system that was set up to
perform the CAMAC and VME readout made use of
a CES FIC8232 running OS9, while data recording
and real-time analysis procedures were performed on a
DEC VMS server connected via ethernet to the FIC.
A CES VIC8250 and a VCC2117 allowed transparent
access to CAMAC.

3CAEN V534, 8 ch., 8 bit flash ADC

1Ortec 916A, 8 ch., 11 bit peak sensing ADC
5LeCroy 2249A, 12 ch., 10 bit charge sensing ADC

Data acquisition software was based on an avail-
able system developed for the KLOE and ALICE test
beams [11). We used the OS9 version for the VME
readout. A subset of the recording and monitoring
features which usually run on UNIX systems in the
present version were ported to VMS, making it possi-
ble to perform a thorough quality check during data
acquisition, using the CERN standard software pack-
ages HBOOK and PAW.

III. Tee HPD

The operating principle of the proximity-focused
Hybrid Photon Detector (HPD) is shown in Figure 2.
Light striking on a 2 mm thick quartz window hits an
520 UV photo-cathode that features a high quantum
efficiency response peaked in the UV region (~ 30% at
A = 300 nm). Photoelectrons are consequently accel-
erated by a uniform electric field and penetrate in the
depleted region of a 300 um silicon diode operated in
reverse-bias mode.

S0 UV
photocutode

electric field
AV =15kV

300 pm silicon diode

Fig. 2. Schematic diagram of the Hybrid Photon Detector.

The resulting charge pulse can be picked up at the
diode contacts. Its amplitude is thousands of times
larger than the original photoelectron charge produced
on the photo-cathode, since most of the kinetic energy
taken on by the photoelectrons is converted into free
charges in the silicon at a rate of one electron-hole pair
per 3.6 eV. The electric output signal is subsequently
amplified and conveniently shaped to be measured with
the most favorable S/N ratio.

Due to uniformity of photoelectron trajectories, the
proximity-focused HPD is insensitive to magnetic fields
nearly aligned with the axis of the HPD ( [12], [13]).
Besides this, the HPD shows negligible degradation
of the primary photoelectron statistics which is not
the case for other photon detectors like the fine mesh
Photo-multiplier.

The HPDs employed in the detector described here
were designed in collaboration with DEP 7 to meet
the requirements of the BaBar environment and fea-
tured the following characteristics:

6

Stype PP0350, serial no. N9541063, N9541071 and N9541062
"DEP, Dwazziewegen 2, 9300 AB Roden, The Netherlands



o large diode and photo-cathode diameters (1”) to im-
prove light collection;

o small dimensions (23.2 mm height by 49 mm diame-
ter) to minimize dead spaces and amount of material;
o low diode leakage currents (5-15 nA range at full
depletion) to reduce intrinsic electronic noise.

The HPDs were operated at 15 kV, yielding a gain of
about 3300.

A. Amplification and shaping of the HPD signal

The HPD diode reaches full depletion at about 30
V; in this condition it exhibits a capacitance of about
250 pF and an inverse leakage current in the range of
5-15 nA. The capability to detect the lowest produced
signal (single photo-electron) relies on the availability
of an amplification chain well suited to these param-
eters. Moreover, the shaping time 7 of the signal is
limited by the background rate expected in a real col-
lider environment. For the ATC detector proposed in
BaBar, Monte Catlo simulations show that 7 should
not exceed 1 us.

Guided by these requirements we designed the pre-
amplifier shown in Figure 3

gl
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Fig. 3. Schematic diagram of the pre-amplifier circuit.

£

In order to reduce the series component of the noise,
we increased the transconductance of the input device
as much as possible by using four 25K300 FETs in
parallel, for a total transconductance of about 80 mS.
In this way we got a series coefficient noise of 1.8 ¢~ /pF
at 1 us shaping time.

The circuit is mounted on a small printed circuit
board directly attached to the back of the HPD, and is
connected to a commercial shaping amplifier with ad-
Jjustable gain and shaping time via a coaxial cable. The
amplifier is a 5-complex-pole semi-Gaussian shaper ®
[14], whose peaking time is 2.4 times the nominal shap-
ing time.

Total gain of the pre-amplifier is 1.5 V/pC while
that of the amplification chain amounts to 120 V/pC.
Typical ATC signals range between 0.5 and 10 fC and
therefore produce output signals between 60 mV and
1.2 V, which are well below the saturation limit of the
shaper (100 fC).

8Silena 7612/L

B. HPD calibration and performance

To assess the uniformity and stability of this newly
developed HPD, a pre-production of four samples was
undertaken and resulted in a successful batch that sat-
isfied our requirements. Thorough evaluation of the
performance was accomplished and the results are re-
ported elsewhere [15].

The most important outcome is the rather low noise
level (0.24 + 0.30 p.e. corresponding to about 800 =
1000 ™) achieved under test beam conditions. Setting
the shaping time at a value of 2 us for the best /N
ratio, enabled amplitude spectra like the one reported
in Figure 4 to be obtained. The peaks correspond to

an increasing number of collected photoelectrons, the
leftmost peak representing the pedestal.
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Fig. 4. Pulse height distribution for a LED calibration run.

These distributions, produced by pulsing the device
with very short LED flashes, are well described by the
normalized distribution of equation 1:

N o=t 1 _ {ADC—(peatna))?
ADC) = AL e 203 ]
g( ) n:OM n! [ V270,
(2) On = 0'72”"-” + nUgain
where :
p = mean number of photoelectrons
ADC = ADC counts
ped = pedestal offset
A = separation of adjacent peaks
Onoise = electronic noise
Ogain = HPD gain spread (1 p.e.)



From a fit to the spectrum, the parameters can
be simultaneously determined and the calibration con-
stant A is then calculated within 1% accuracy.

In Figure 4 the ratio o,0i,¢/A is equal to 0.24 pho-
toelectrons, representing a level of electronic noise sig-
nificantly better than that of previous measurements
[13]. The achievement of such good noise conditions
made it possible to employ a shorter shaping time (1
ps) without spoiling the intrinsic performance of the
detector.

IV. RESULTS ON THE LOW INDEX AEROGEL
A. Response to B=1 particles

We measured the refraction index of our counter,
fitting the momentum dependence of the response us-
ing pions in the range between 1 and 1.5 GeV/c, and we
found a value compatible within errors with the nomi-
nal value n = 1.008. A 5 GeV/c pion therefore releases
95% of what is expected by 8 = 1 particles. The pulse
height recorded in the counter central position is shown
in Figure 5. The two HPD signals are summed and the
scale is given in numbers of photoelectrons using the
calibration computed from the LED run. The mean
number of observed photoelectrons is u = 8.6 + 0.2.

r Entries 2820
Mean 8.815
180 - RMS 3.572
~ 8.579
140
120 |
100
80
60
10
2 |
o AU I PR PR oo e 0 e
0 5 10 15 20 25 Jo
Noe.

Fig. 5. Number of photoelectronsobserved in the low-index aero-
gel counter read-out by two HPD’s for a 5 GeV/c pion beam
at the counter center.

The counter response was measured over its area to
study the uniformity of response. Figure 6 presents the
results of the scan, normalized to the value observed
at the center which was set to 100. Results show that
the response is rather uniform with some enhancement
near the side walls due to PMP. For comparison, in
Figure 7 we show the results (normalized to the PMP
case) of a scan performed under the same conditions,
but with no PMP present on the side walls.
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Fig. 6. Results of the counter scan. The values are normalized
to the central one. Positive y values are on the light-guide
side.
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Fig. 7. Results of the counter scan without PMP on the side
walls. All values are normalized to the central one obtained
with PMP. Positive y values are on the light-guide side.

B. Response to below-threshold particles

We also studied the response of the counter to
below-threshold particles in order to assess the capa-
bility of the system to discriminate between pions and
kaons of momentum around 4 GeV/c. As in the PS
T10 beam there were too few kaons we used 5 GeV/c
protons collected at the same time as the pions and
anti-tagged by the two beam Cherenkov gas counters.
The surviving kaon component is eliminated with the
help of an aerogel counter of refractive index n = 1.012
(pK, = 3.2 GeV/c) read out by a standard photo-
multiplier mounted along the beam line. In principle,



the signal produced by particles below threshold can
be attributed to several different sources:
o Cherenkov light produced in the PTFE wrapping;
o scintillation light produced in aerogel and in PTFE;
¢ 6 rays;
o electronic noise and discharges;
¢ beam-related noise;
o contamination by out-of-time particles.
Electronic noise is measured in pedestal runs and the
additional beam-related noise is evaluated by compar-
ing pedestals taken in and out of the burst period.
The contamination by out-of-time particles is mini-
mized at the analysis stage by vetoing any particle
recorded other than the one which started the trig-
ger system. This is performed by the scintillator V
(shown in Figure 1), which covers the detector (HPDs
included) cross section. All the events accompanied
by an extra particle seen by V in a time window of
(—10 + 5) ps with respect to the trigger are rejected.
In order to evaluate the contribution of light emit-
ted by the particle itself (both in crossing the PTFE
layers or scintillating in aerogel) we make a rough as-
sumption that signals below two photoelectrons origi-
nate prevailently from this source. We therefore make
a fit to this part of the spectrum using equation 1.
We use single tubes rather than the sum to minimize
the resolution effects on the single photo-electron peak
produced by electronic noise. The results are shown in
Figure 8 for both tubes.

Fig. 8. Pulse-height distribution in the two HPD tubes reading
the low index aerogel block. The fit covers the first two
photoelectrons.

It is seen that on average the proton light, summed
over the two HPDs, is of the order of 1/3 of a photo-
electron. Compared to the light released by pions in
the same run we conclude that the ratio of light col-
lected from protons alone to pions is ~¢0.04 out of a
total background of 0.075. We attribute the contribu-

tion at higher pulse height entirely to § rays. We have
measured the same quantity using protons at 1 GeV/c
as a cross-check for our assumptions. We expect that
neither Cherenkov light from PTFE nor § rays should
give significant contributions at this momentum. In-
deed we measure much less light: the number of events
with a recorded pulse height larger than 2 (2.5) pho-
toelectrons is a factor 3.2 (7) less than in the standard
case. These values are upper limits, since kaons at this
momentum give some light and cannot be rejected.

C. Efficiency and Contamination Results

The results on pions and protons are combined to
estimate the performance of the detector in terms of
separation power. We compute the following quantities
as a function of a varying threshold cut:

o the probability p(p — =) that a 5 GeV/c proton
gives a greater signal than the threshold ;

o the probability p(r — p) that a 5 GeV /c pion gives
a signal smaller than the threshold.

These results are summarized in Figure 9. Four pairs
of curves are shown, each pair belonging to a run
with a different average number of photoelectrons ob-
served for pions. They span the range from the worst
condition (poor wrapping, no PMP, most unfavorable
beam position) to the reference one (standard wrap-
ping, PMP, center of block). For each pair one can
select the threshold which is more convenient for a spe-
cific application. At the crossing point (p*), p(x — p)
becomes equal to p(p —+ 7) and this common probabil-
ity value may be assumed as a single number expressing
the quality of the detector. Moreover the distance from
p" to the peaks of the p and = signal distributions can
be evaluated in units of the relevant standard devia-
tions (o) providing yet another unique number. Hence,
we define separation power as twice this value.

From Figure 9 we can see that a threshold can be
put between 1.6 and 3.2 photoelectrons, depending on
the light yield of the aerogel block. In Table II we
summarize the results obtained.

TABLE II
FIGURE OF MERIT OF THE DETECTOR FOR THE = /p SEPARATION
AT 5 GeV/c.

[ Npe [ P (%) | N |

5.2 5.9 3.1
6.9 4.2 3.4
7.5 3.7 3.6
8.6 3.3 3.7

D. Effects of wrapping

We have measured the relative light collection ef-
ficiencies for different wrappings, as described in sec-
tion [I-A. Results are presented in Table III.

In the same table the ratio of the light given by
particles below threshold (L) to that given by 8 =1



p(%)

Fig. 9. p(r — p) and p(p — =) as a function of the threshold,
expressed as the number of photoelectrons for four differ-
ent cases. Dash-dotted lines represent the observed average
number of photoelectrons (u) for pions it = 5.2, dotted lines
for 4 = 6.9, dashed lines for 4 = 7.5 and solid lines for
pu =286

TABLE 111
LIGHT COLLECTION EFFICIENCY COMPARED TO THE STANDARD
CASE (3 PTFE LAYERS + PMP) FOR DIFFERENT WRAPPINGS AS
EXPLAINED IN SECTION II-A.

| Wrapping | Relative L.Y. (%) | Lp/Le(%) ]

Std. 100 4.2702
WR1 82+ 2 4.6702
WR2a 70+ 2 3.7102
WR2b 7342 45702
WR3 7842 3.0752

particles (L,) is also reported. It is possible to note
that three layers of PTFE give the highest light yield,
although Millipore paper (WR3) can, if necessary, be
considered as a valid replacement. Attempts to de-
crease L, by reducing the front and/or rear PTFE
thickness (WR2a, WR2b) do not seem to produce a
significant effect and they also diminish the light yield
L,.

E. Effects of the PMP

Besides the desired effect of enhancing the light
yield for particles above threshold, the presence of a
PMP layer in the wrapping can result in an increase
of light production by particles below threshold when
they cross the lateral walls of the aerogel block. Al-
though in a pointing geometry detector this is not a
serious limitation, we estimated this effect by collecting
two special runs with the aerogel block set at an angle
of about 45° with respect to the beam direction and at
a transverse position so that particles cross 1 or 2 PMP

layers respectively. We expect an additional effect to
be due to the light produced mainly by scintillation in
PMP. Comparing these runs with the one performed
under standard running conditions, we found this con-
tribution to be 0.66 & 0.06 photoelectrons for normal
incidence on the PMP surface. This is comparable to
the light produced by a 8 = 1 particle crossing 1 cm of
low index aerogel which is about 0.58 photoelectrons in
standard conditions. The net effect on the separation
capability of such a detector strongly depends on the
particular geometrical arrangement.

V. RESULTS ON THE HIGH INDEX AEROGEL

We performed measurements scanning the 10 x10
cm? area of the high refraction index (n=1.05) aerogel
block using 5 GeV/c negative pions.

The distribution for a beam run in terms of ADC
counts is given in Figure 10.
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Fig. 10. Pulse height distribution for the high index block with
5 GeV/c pions.

Figure 11 shows the number of photoelectrons when
scanning the aerogel surface with a step of about 4 cm
in z and y. As in Figures 6 and 7, positive y values are
on the light guide side. We found more than 9 photo-
electrons everywhere with a significant signal increase
in the region closer to the photodetector while there is
no significant dependence on z.

As previously done for the high index block, a spe-
cial run with protons at p = 1 GeV/c was performed
to evaluate the light due to particles below Cherenkov
threshold in aerogel.

The number of photoelectrons due to particles un-
der threshold was found to be 0.20 + 0.06 photoelec-
trons. This information together with the average
number of photoelectrons for particles above thresh-
old (10.76 % 0.10) makes it possible to extract the
contamination and inefficiency percentages. Figure 12
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Fig. 11. Number of photoelectrons obtained by scan of the a
high-index counter. Statistical and systematic contributions
to the uncertainty are separately indicated.

shows contamination and inefficiency depending on the
threshold expressed in number of photoelectrons. The
crossing point is at 2.0% with a 2.3 photoelectron
threshold that corresponds to a separation of 4.1 ¢.
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Fig. 12. Contamination and inefliciency curves for the high index
aerogel block.

VI. PERFORMANCE OF FADC sAMPLING

To reduce the signal pile-up due to the high back-
ground foreseen in the B-factory environment, the
shaping time chosen for the read-out electronics is 1
ps which is not the optimal one (2 us) for achiev-
ing the best resolution in the amplitude measurement.
However, by sampling the signal waveform with a flash
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Fig. 13. FADC event: ADC value versus time ticks (in hundreds
of ns).

ADC, it is possible to recover the accuracy of the peak
sensing ADC obtained with optimal shaping time [16].

The FADC data (of which one event is shown in Fig-
ure 13) were analyzed by fitting an appropriate func-
tion on the samples. The function used to fit the sam-
pled signal is the following [17]:

(3) X
_ 1
f(t) —A X (ETD (“'lo) +
K cos(wy (t — to)) + K3 sin(wy (¢ — to))
en (1—to)

K4 cos(wz (t — to)) + K5 sin(wa (t — to))
eT2 (l—to) )

where the coeflicients K;, 1, 11, 72, wy, w2 are deter-
mined by the shaping circuit characteristics [14] and
by the chosen shaping time, while 4, the amplitude of
the signal, and g, the time when the particle crossed
the detector, are suitably fitted.

The resolution (¢;/A, where 1 and A are defined
in equation 2) on the single photoelectron (see Fig-
ure 14) is improved from 0.30 p.e (obtained with the
peak- sensing ADC) to 0.24 p.e., which is the best res-
olution which could be obtained with a peak-sensing
ADC using the optimal shaping time value of 2 us.
Note that in this figure the first peak corresponds to
the first photoelectron, as the pedestal is removed in
the fitting procedure, while in Figure 4 the first peak
corresponds to the pedestal peak. In Figure 14 the
curve obtained by fitting equation 1 on the distribu-
tion is also shown.

An important reason for using a FADC instead of a
peak-sensing ADC is that rejection of background due
to out-of-time particles is improved. Figure 15 shows
the behavior of the time resolution as a function of the
amplitude of the signal (expressed as the number of
photoelectrons). As the threshold cut-off point for re-
jecting below-threshold particles is >2 photoelectrons,
the expected time resolution is better than 200 ns.

The data are fitted with a curve that is inversely
proportional to the amplitude.
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VII. CoOMPARISON WITH M.C. SIMULATIONS

A Montecarlo based on GEANT-3.21 [18] was de-
veloped to simulate the data. A special code was used
for treatment of Rayleigh scattering of optical photons,
which is not currently simulated in GEANT but is es-
sential in a realistic simulation of light propagation in
aerogel. The simulation program needs as input a de-
tailed description of the aerogel absorption and scat-
tering lengths, of the PTFE wrapping reflectivity and
the HPD quantum efficiency as functions of the photon
wavelength. As almost no measurements of the above
first three quantities existed for the two aerogel blocks
when the test was performed, some crude assumptions

were used. A 96% reflectivity, independent from the

photon energy, was assumed for the PTFE wrapping,
while the HPD quantum efficiency was tabulated ac-
cording to manufacturer’s specifications.

For the low-index simulation, the absorption length
was taken to be proportional to A® that looks compat-
ible with previous measurements of aerogel blocks of
various refraction indices, while the scattering length
was taken to be proportional to A, as expected. The
absolute normalizations were tuned with the data of
the scan without PMP.

The same parametrizations were also used in the
PMP case, where the effect of PMP was simulated by
using the absorption efficiency and the emission spec-
trum measured in a laboratory test (see Figure 16).

The high-index aerogel simulation requires reduc-
tion of the absorption and scattering lengths by a fac-
tor of almost two and a further ad hoc strong suppres-
sion of photons with a wave length below 300 nm.

Results of the simulations are compared with data
in Figures 17 and 18.
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As new measurements of the PTFE wrapping [19]
and of the high index aerogel absorption and scattering
lengths [9] were recently performed by some of us and
other measurements are in progress, a complete simu-
lation of the test data with more realistic parameters
is foreseen in the next future.
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VIII. CoNCLUSIONS

We have studied the performance of a threshold
aerogel counter system for separating kaons from pions
in the momentum range from 0.6 to 4.0 GeV/c in a
test beam. This was the prototype of the BsBar PID
system in the forward region. Since this detector is
meant to operate in a 1.5 T field, the read-out was
performed by HPD tubes. This, to our knowledge, has
been one of the first implementations of such tubes in
a real detector. The main results achieved are:

+ HPD tubes proved to be a reliable detector well
suited to detect the feeble light pulses produced in
aerogel counters;

» PTFE appears to be the best material for wrapping
the aerogel in order to obtain the highest light collec-
tion efficiency;

o PMP wavelength shifter helps to further increase the
light collection efficiency, its effect has been studied in
some detail;

o the performance of the system is reasonably under-
stood and can be reproduced by a MC simulation
tuned to the data, allowing predictions as to the ef-
fects of small changes in the system.

We have shown that a PID system based on a silica
aerogel threshold counter is a simple, sturdy, yet effi-
cient device. Our conclusion, based on the experimen-
tal results of this test and on their mild MC extrapola-
tion, is that a system very similar to the one described
in this paper can accomplish the task of separating
kaons from pions in the momentum range from 0.6 to
4.0 GeV/ec.
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