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R&D Results for the Proposed
Intermediate Fiber Tracker of CDF

Juan A. Valls

Rutgers, The State University of New Jersey

for the CDF collaboration

Abstract. In this paper, R&D results for the proposed Intermediate Fiber Tracker
detector for the CDF upgrade are presented. We show a detailed study of the perfor-
mance of the tracker under the high radiation levels expected during the Tevatron Run
II operation. The system is proved to be highly e�cient even after the expected 2 fb�1

of delivered luminosity. A rate capability study has also been conducted on readout
SSPM to address the issue of high rate operation. High e�ciency is well maintained
up to several MHz expected for Run II.

INTRODUCTION

Fermilab is currently facing a major challenge with the operation of the Run II
Tevatron collider. The accelerator structure will be enhanced by the fall of 1999
with the inclusion of the Main Inyector. Anticipated instantaneous luminosities of
up to 2�1032 cm�2 s�1 and bunch crossings of 132 ns will require a major upgrade
for the CDF and D detectors. This represents a major change with respect to the
past Tevatron operation where maximum instantaneous luminosities of 1:7 � 1031

cm�2 s�1 with 3.5 �s bunch interval times were reached.
CDF is in the proccess of a tracking system upgrade to accomodate the higher

luminosities and shorter bunch crossing times planned for Run II. The silicon vertex
detetor (SVX) will be replaced with a 5-layer, double-sided system (SVX II) much
longer along the beam axis and with a pipeline readout. The original Central
Tracking Chamber (CTC) will be replaced with a new Central Outer Tracker (COT)
with a similar open cell structure but four times smaller drift distances. For the
space between the SVX II and the COT (approximately between 19 and 40 cm)
a �ne granularity scintillating �ber detector was originally proposed, referred to
as the Intermediate Fiber Tracker (IFT). The IFT detector consists of 12 doublet
layers (6 axial and 6 stereo) of 800 �m diameter scintillating �bers. The length
of the �bers vary from 180 to 300 cm and cover the pseudorapidity range j�j < 2.
Each of the �bers is connected to a 0.8 mm clear �ber which is routed through
the gap between the central structure and the end-plug calorimeter to the outer



surface of the detector structures, where Visible Light Photon Counters (VLPC's)
are housed in liquid helium cryostats.

LIGHT YIELD

Several factors a�ect the light yield transmission of scintillating �bers. These
are:

� the scintillating �ber length, Lsc, and its attenuation length, �sc,

� the clear �ber length, Lcl, and its attenuation length, �cl,

� the mirror reectivity, R, if the far end of the �ber is mirrored,

� the connector e�ciency, �conn, between scintillating and clear �bers, if they
are spliced together,

� the cassette transmission e�ciency, �cass, from the clear �bers to the readout
VLPC (Visible Light Photon Counter), and

� the quantum e�ciency of the VLPC, QE.

The light transmission may then be written as:

T =
h
exp

�
� z

�sc

�
+Rexp

�
�2Lsc � z

�sc

�i
�conn exp

�
�Lcl

�cl

�
�conn �cassQE (1)

where z is the distance between the particle track and the connector to the clear
�ber (near end).

Attenuation Length

A systematic measurement of the attenuation length of both scintillating and
clear �bers of various diameters and types has been performed at Fermilab within
the CDF group [1]. The type of �bers included standard 3HF (1% PTP, 1500
ppm) and �bers with slightly di�erent 3HF derivatives. Fibers from both Kuraray
and Bicron were used. 3HF and clear �bers were spliced together and placed in
a dark box. Scintillating �bers were then illuminated with a UV lamp and light
yield was measured by a photodiode at the end of the clear �bers. The measured
attenuation curves were well �tted by single exponentials for both 3HF type �bers
and clear �bers. The results are shown in Fig. 1 and Fig. 2. In the case of 3HF
�bers there is no diameter dependence among the �bers. The clear �bers showed
a mild dependence on the diameter.
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FIGURE 1. Attenuation length vs �ber diam-

eter for scintillating �bers.

FIGURE 2. Attenuation length vs �ber

diameter for clear �bers.

RADIATION DAMAGE

Light transmission in plastic optical �bers is known to su�er from radiation
exposure. The radiation hardness of plastic �bers has been reported by the the
D group [2] in the range of 100 krad and above. More recently, the University of
Tsukuba group at CDF extended these measurements to a lower range, from 700
krad to 0.4 krad for both 3HF (1% PTP, 1500 ppm) scintillating and clear �bers [3].
The �bers used in this study were Kuraray multiclad s-type �bers of 0.5-0.75 mm
diameter for 3HF and 0.8 mm for clear �bers. A 60Co -source was utilized to
irradiate the �bers at di�erent radius (R=12, 35 and 75 cm). More irradiation
results have also been obtained when using a 137Cs -source and fast neutrons at
the JINR pulsed reactor in Dubna [4].
The light output degradation of 3HF �bers can be attributed to the degrada-

tion of the attenuation length and not to the scintillating mechanism itself. The
radiation hardness of both scintillating and clear �bers is identical if expressed in
terms of the ratio of attenuation lengths before and after irradiation, and it is well
described as a linear function of log

10
of dose. The results are shown in Fig. 3.

Expected Degradation and Radiation Dose Pro�le

The radiation level in the IFT can be estimated using the radial dose pro�le
measured with the CDF SVX' detector during the 1992-93 run [5]. The dose mea-
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FIGURE 3. Ratio of attenuation lengths

before and after irradiation. Measurements

AB-CK (A. Bross, C. Kim) and UIC are taken

from [].

FIGURE 4. Comparison of the occupancy

measured by 0.8 mm scintillating �bers and

Monte Carlo simulation results.

sured with a dosimeter was 300 rad/pb�1 for the SVX layer 0 (r=3 cm). A radial
dependence of r�1:7 was found from the increase in the leakage current measured
for layers 0 to 3 (3 < r < 8 cm). Extrapolating the dose pro�le to the inner (r=19
cm) and outer (r=40 cm) layers of the proposed system, radiation doses of 24 and
7.3 krad are expected, respectively, for 2 fb�1 delivered luminosity during Run II.
Another way to evaluate the light yield drop due to radiation damage is to

estimate the dose pro�le using Monte Carlo. The dose pro�le in the CDF Run
II environment has been evaluated using a complete ISAJET + full GEANT si-
mulation [6]. The energy deposition in the �bers was translated into dose using
the measured inelastic p�p cross section and the charged multiplicity distribution
(dN=d� = 4:5). A realistic calibration of the simulation was provided by the
measurement made with 3HF �bers inserted into the CDF detector in the last Run
1C in 1996 [7]. A bundle of 16 scintillating �bers of di�erent lengths and diameter
were place at a radius of 27 cm and readout by 8 m long clear �bers with Solid
State Photomultipliers (SSPM's). The measured occupancy is compared with the
predictions of the simulation in Fig. 4. Considering the uncertainty in the Cerenkov
contribution produced in the clear �bers strung through the 10� hole of the end-
plug calorimeter, there is good agreement between the data and the simulation
results.
Fig. 5 shows the simulation results for the dose pro�les along the �bers [6]. The

distribution is essentially at along the z-direction. The dose over the length of
the cylindrical part of the innermost layer at r = 21 cm is � 22 krad for 2.5 fb�1
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Fiber : 2×76cm long at r = 21cm,  η=-2 to 2  (CDF  Run-2)
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FIGURE 5. Dose pro�le evaluated for 2 fb�1. The abcissa corresponds to the �ber length from

z = 0. The �ber is parallel to the beam (L < 1:6 m), routed between the COT and the end-plug

calorimeter (1:6 < L < 2:5 m).

reasonably consistent with the value extrapolated from the SVX measurement. A
signi�cant enhancement of the background due to low energy particles looping in
the magnetic �eld, electron pairs converted from photons and back splash from the
end-plug calorimeters is seen.

Taken this expected behavior to model the light yield transmission along the
�bers, Fig. 6 shows the overall transmission of a signal generated at the middle
of the tracker (� = 0). Two curves (R=0.9 and R=0.8) are shown for the two
conditions considered before and after 2.5 fb�1 of integrated luminosity. The right-
handed side scale indicates the expected number of photoelectrons. This number
has been estimated from several measurements done within the CDF group [8]
and found in agreement, within uncertainties, with the observed number by the D
group with their cosmic ray test stand [9] as the realistic basis.

Fig. 7 shows the e�ciency of each doublet layer as a function of the average
number of photoelectrons per single �ber. Doublet layer e�ciencies above 99.5%
for � 6 PE indicate that the proposed IFT has an operational margin greater than
50% even at the weakest point at � = 0.
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∫Ldt=0 fb -1

∫Ldt=2.5 fb-1

FIGURE 6. Relative transmission and ex-

pected number of photoelectrons for signals gen-

erated at the middle point of the tracker before

and after integrating 2.5 fb�1 of delivered lumi-

nosity.

FIGURE 7. Doublet layer hit e�ciency as

a function of the average number of photo-

electrons per single �ber.

OCCUPANCY AND PHOTOELECTRON RATE

A study of the rate capability of SSPM [10] and VLPC [11] has been performed
within the CDF collaboration to address the issue of the performance of these read-
out devices under high rate operation. The setup used is similar to the originally
developed by D [12]. For the case of the SSPM measurement, light from two laser
diodes1 illuminated the input connector of a cassette holding four 8-channel SSPM
cells. The 32-channel cassette was suspended in a liquid helium cryostat. The light
emission spectrum from the diodes peaks at 635 nm, well within the broad peak of
the SSPM's. One of the diodes, referred to as \background", was excited by a pulse
train with frequencies between 100 kHz and 6 MHz. This pulse height generated
about 2 photoelectrons and was intermittent with a frequency of 100 Hz, as shown
in Fig. 8. A 2 ms pause was imposed after every 8 ms. During this pause, the
second diode, referred as \signal" was �red with a variable \quiet time" after the
last pulse of the background pulse train.

Data was taken for the set of parameters shown in Table 1. For each set of
parameters the pulse height spectra of the SSPM output was �t with the following
formula:

1) Hitachi HL6314MG.
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TABLE 1. Parameter sets for the

rate capability measurement.

Temperature Bias voltage, Vbias

7.5 K (72 k
) �6:0 V
6.9 K (86 k
) �6:5 V
6.5 K (96 k
) �6:5 V, �7:0 V
6.0 K (112 k
) �7:0 V, �7:5 V

~2 PE

Background Pulse Train

Gate for BG pulse generator ~100 Hz

up to ~10 Mhz

Signal

ADC Gate

Pause ~2 msec

Variable

~2 PE

FIGURE 8. Timing diagram for the rate capability test.
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1X
n=0

Gn(q)
(Npe)

n

n!
e�Npe

Gn(q) =
1p
2��n

exp

"
�1

2

�
q � p� n � g

�n

�2
#

; �n =
q
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where p is the pedestal, �p its Gaussian spread, g the average gain of avalanches,

�gain its spread, and Npe the average number of PE's. The Gaussian spread of
the peaks and the gain, which is the incremental distance between the peaks, are
assumed to be the same among all peaks. The gain is linear and the �t is excellent
within the measured pulse height range, as shown in Fig. 9 and Fig. 10 for single
PE rates of 220 kHz and 11 MHz, respectively.
The number of photoelectrons, which is interpreted as a quantum e�ciency in

relative scale, increases with both the temperature and the bias voltage and, in
both cases, this behavior is more signi�cant at high rates. No sizable dependence
of the pedestal position is observed on the temperature and bias voltage at low
rates. However, at higher frequencies there is a striking decrease of the pedestal
position towards higher values of the temperature and bias voltage.
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T=7.5 K, Vbias=-6.0 V, SPE Rate=220 kHz
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FIGURE 9. Number of photoelectrons (top)

and pulse height distribution (bottom) for a sin-

gle PE rate of 220 kHz.

T=7.5 K, Vbias=-6.0 V, SPE Rate=11 MHz
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FIGURE 10. Number of photoelectrons

(top) and pulse height distribution (bottom)

for a single PE rate of 11 MHz.

Within the tested range of the operating conditions, Figure 11 shows a gradual
decrease of the gain with the single PE rate above 1 MHz. This decrease in gain at
high frequecies is slightly improved by increasing the temperature. In these ideal
conditions the gain reduction is only a few percent. The quantum e�ciency seems
to be even less a�ected by the increase of rate and no visible e�ect can be noticed
up to 4 MHz SPE rate, as shown in Figure 11. Above this rate, an overall trend of
decrease is observed below several percent level up to 12 MHz.

CONCLUSIONS

A �ne granularity scintillating �ber tracking system was proposed for the inter-
mediate radial range of the CDF detector. A detailed study of its performance,
specially under the high rate conditions of Run II, has proved the detector to be
highly e�cient for integrated luminosities of up to 2 fb�1. The rate capability
of SSPM has also been studied for various combinations of temperature and bias
voltage. Using a laser diode asher, measurements were made up to a single pho-
toelectron rate of 12 MHz. Only a slight decrease, less than several per cent, of the
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FIGURE 11. Npe and gain vs single PE rate for T=6.0 K and Vbias=-7.0 V.

quantum e�ciency was observed at this rate whereas a 10% drop of the gain was
observed.
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