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1 Introduction
The TArget Scintillating Fiber Detector (TASFID) is under design and testing by Tel-
Aviv University (TAU) since mid-2012, aiming to allow a real time (part of the triggers)
Particle Identification (PID), Momentum, and position determination for the MUon-
proton Scattering Experiment (MUSE) at PSI.

The Following document presents the results of the June-2014 test run at PSI. The
main issues under consideration are: (a) The Scintillating Fiber (SciFi) timing resolution,
(b) The efficiency of the detector for particle detection, and (c) The geometry of the
detector.

For the June-2014 test run, a prototype of TASFID was constructed, which consist of
one layer of 8 round SCSF-78 (Kuraray) type SciFi, 2 mm in diameter, 10 cm long, each
coupled on both sides to Optical Fibers (OptFi) 16 cm long, which were then coupled to a
H8804 (Hamamtsu) Multi-Anode PhotoMultiplier Tube (MAPMT). The MAPMT output
were split to analog signal read by a VME v792-QDC, and digital signal, discriminated
either by an Octal discriminator or by PADIWA, and read by a VME v1190-TDC or
TRB3, respectively.

2 SciFi Timing resolution
To determine the TASFID time resolution the average timing spectrum of each SciFi1
with respect to the RF were fitted to a Gaussian. The time resolution reported is the
Gaussian width (σ).

The time resolution was obtained for 3 different cases listed below.

1. Without any ADC cut

2. With an ADC cut and without pulse-hight corrections

3. With an ADC cut and pulse-hight corrections

The time resolution calculations were determined for Pions, Electrons, and Muons under
the following conditions

1. With the Octal Discriminator, set manually to 30 mV threshold.
1Fibers are numbered 17-24
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2. Octal Discriminator set at 20 mV threshold.

3. With PADIWA discrimination, set at 10 mV threshold .

Note the resolution is calculated for the average time between both sides of the SciFi.
Table 1 summarizes the results of the timing resolution calculation 2. Figures 1

presents a typical plot of the fiber timing spectrum. Figure 2-3 show ADC-walk (pulse-
height) correction procedures, with Octal discriminator and with PADIWA, respectively.
It is evident that with the Octal discriminator pulse-height corrections are nessecary,
while with the PADIWA there is no dependency in ADC.

Particles No cut ADC cut ADC correction
Octal disc. Thrshld = 30mV

Pions 725± 3 713± 4 660± 3
Electrons 1286± 29 1225± 25 912± 31
Muons 912± 10 931± 9 778± 9

Octal disc. thrshld = 20mV
Pions 665± 3 650± 3 627± 2

Electrons 1305± 22 986± 33 818± 12
Muons 903± 9 749± 6 713± 6

PADIWA, thrshld = 10mV
Pions 432± 1 423± 3 423± 3

Electrons 502± 5 489± 5 558± 16
Muons 521± 6 521± 16 513± 13

Table 1: Summary of the time resolution in ps for π, e, µ ( June-14 test run )
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Figure 1: Timing from a single SciFi with the Octal discriminator - set at 30 mV . The red
and gray spectra are the right and left sides of the fiber, respectively, the blue spectrum
is the average time spectrum. ADC cut applied, with no pulse-hight corrections. Data
shown are for Pions. Data taken from run 1712 - momentum +220MeV/c , Pions.

2Timing resolution error was taken as the standard deviation from the average over the fibers

2



p

Entries  15292

Mean     1755

Mean y   32.45

RMS     175.8

RMS y   1.005

ADC

1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400

T
D

C
 [n

s]

28

29

30

31

32

33

p

Entries  15292

Mean     1755

Mean y   32.45

RMS     175.8

RMS y   1.005

p

1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
-10

-5

0

5

10

15

20

25

30

35

40

t:a {tGate>-1e3 && tL>-1e3 && tR>-1e3 && t>20 && a>1400 && a<2400}

htBefore

Entries  15643

Mean   0.3248

RMS    0.7578

TDC [ns]

-3 -2 -1 0 1 2 3

nu
m

be
r 

of
 e

ve
nt

s

0

200

400

600

800

1000

1200

1400

1600

htBefore

Entries  15643

Mean   0.3248

RMS    0.7578

(t-32.2) {tGate>-1e3 && tL>-1e3 && tR>-1e3 && t>20 && a>1400 && a<2400}

Figure 2: ADC-walk correction procedure of time spectrum taken with the Octal discrim-
inator - set at 30 mV . On the left is a plot of TDC vs. ADC profile, fit to a 3rd degree
polynomial; In the middle is a 2d histogram of TDC vs. ADC, before (black) and after
(blue) the ADC correction; On the right is a 1d TDC histogram, before (black) and after
(blue) ADC correction. Data taken from run 1712 - momentum +220MeV/c , Pions.
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Figure 3: same as in Figure 2, but for data taken with the PADIWA. Data taken from
run 1808 - momentum +220MeV/c , Pions.
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Conclusions
The results obtained with Octal discrimination are taken only as a frame of reference,
since the final apparatus of TASFID will use the PADIWA board as a discriminator.
Using the PADIWA, the results indicate that

1. The fiber-average time resolution on-line for 1 plane, averaging over the two sides
of each fiber, is of order O (500 ps); Note that this is not 1/

√
2 the resolution

of one side. The design for the TASFID is planned to have 2 double layers of
SciFi arrays. We expect improvement of the timing resolution with two layers to
500 ps/

√
2 ∼ O (350 ps).

2. Taking high energy cuts (threshold) barely helps improve the time resolution by
∼ 5% .

3. There is no advantage in pulse-hight correction. We can save the ADC electronics.

3 Efficiency

3.1 Using scalers
The most straightforward way to determine the efficiency of a plane containing a SciFi
array is by counting the number of hits in the plane, and dividing it by the numbers of
events that hit the area of the plane, as determined by an external detector. In June-14
test run, a scintillator S, of cross area AS = 6 × 80 mm2, was installed in front of the
SciFi array, covering an area smaller than covered by 4 SciFi, ASciF i = 8 × 100 mm2.
Using Octal discriminators and scalers, the number of hits in the SciFi which coincided
with, and the number of total hits on S were recorded. The maximum efficiency of SciFi
layer (as a function of the threshold) was calculated to be

εX ≡
SciF i� S

S
=

Fired

Triggered
' 87% (1)

for the lowest threshold value of 30mV , and decreasing with threshold increase, see
Figure 4 for the full Efficiency vs. Threshold dependency.

Though very low efficiency with respect to the desired value, (1) is not unexpected:
The SCSF-78 fibers have 6% of inactive cladding, and using basic calculations, some
6 − 7% more of the round fibers at large distance from the center of each fiber can be
shown to yield less photons than the discrimination threshold needed to read signal above
the background.
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Figure 4: Detection efficiency of TASFID prototype of a single SciFi plane, discriminated
by an Octal discriminator, as a function of discrimination threshold.

3.2 Using projection from the GEM
Since the external detector S was not connected to QDC nor TDC, a second approach
was taken, first for validation of the efficiency determined by scalers, and most important
for correlating the efficiency with the particle type ( using RF time for PID ).

A code was written to project the tracks from the GEM to the SciFi. See all hits map
in x− y plane in Figure 5.

Figure 6 shows the 1-dimensional histograms of the hits in each fiber along the vertical
direction x. Three key features are evident:

1. Fibers histograms main peaks are separated by O (2 mm) from each other, as ex-
pected from the TASFID geometry.

2. Histograms main peaks are O (5 mm) wide. This can be explained by the convo-
lution of the SciFi diameter and the angular spread of the GEM (1 mrad angular
spread of the last GEM, 295.0 mm downstream to the SciFi, leading to 3 mm
dispersion in the GEM track projection at the SciFi plane).

3. Each histogram has a large symmetric tail of ∼hundreds of events that we do not
understand.

Once all these issues are attended and understood the 1d histograms can be re-addressed
with separation between different particle types, to present the difference in detection
efficiencies.
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Figure 5: Reconstructed hits map in TASFID plane, projecting from the closest GEM to
the SciFi. The distacne are in mm and the x−y plane is perpendicular to beam direction.
x - vertical , y - horizontal. Data taken from run 1712 - momentum +220MeV/c.
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Figure 6: Hits maps histogram as a function of x (vertical position in mm). Each fiber
is presented by a different color. Note that each histogram is conditioned by the request
that only one fiber fibred. Data taken from run 1712 - momentum +220MeV/c.

3.3 Efficiency test at TAU
Due the poor efficiency (1), the geometry of TASFID was reconsidered.

Rectangular SciFi were ordered for testing, expected to decrease the 6−7% inefficiency
coming from the round nature of the SCSF-81 SciFi.
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A different test in TAU showed that for particles going through the center of the Scifi
ε ∼ 98%. Consequently, we conclude that using a double layer tight-arrangent configu-
ration (of round fibers), as shown in Figure 7, we can increase the detection efficiency of
the (double) layer to

εXX′ ≈ 98%
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Figure 7: Proposed double layer.

4 The design of TASFID
Our current design includes two double layers of 40 round SCSF-81 SciFi (Kuraray),
2 mm in diameter, arranged as XX ′ and Y Y ′ planes. Each layer detection efficiency is
98%, and the total detection efficiency of TASFID is

ε = εXX′εY Y ′ ≈ 96%

The timing resolution of each layer is of the order 500 ps, the timing resolution of two
independent layers is expected to be of the order 500 ps/

√
2 ∼ 350 ps. There is no

apparent necessity in QDC. The option of new square Bicron fibers is being studied as
an alternative.
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