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The SHiP timing detector

I A dedicated timing detector can
be used to reduce random crossing
in the detector

I Combinatorial di-muon
background can be reduced to an
acceptable level by requiring a
timing resolution of 100 ps or less

I Two options have been proposed
for the timing detector
plastic scintillators

1. plastic scintillators read-out
by PMTs or SiPMs

2. multigap resistive plate
chambers

I This study focuses on the plastic
scintillator option read-out by
PMTs or SiPMs

Chapter 4

Experiment Conceptual Design

4.1 General experimental layout

Following the experimental objective and requirements outlined in Chapter 2 this chapter de-
scribes the conceptual design of the experiment and the details of each sub-system in the order
that they are arranged. The overall SHiP detector layout is shown in Figure 4.1.

Figure 4.1: The SHiP detector layout.

The tau neutrino detector shown in Figure 4.2 is located immediately downstream of the
active muon shield. It consists of the Neutrino Emulsion Target (NET) in a magnetic field
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Figure 4.57: A schematic front-view of the SHiP timing detector in the plastic-scintillator bar
option with PMT light readout. The default two-columns (left) and the single-column (right)
setups are presented. The oval at both figures represents the acceptance of the vacuum vessel.

for the SHiP timing detector using well-known technologies.
The baseline geometry of the proposed detector array comprises two columns of horizontal

bars 305 cm long, 11 cm wide and 2 cm thick. To avoid inactive regions between adjacent bars
they are staggered with 1 cm overlap vertically. There is also 10 cm overlap between columns.
The schematic front view of the detector is depicted in Figure 4.57 (left). To cover the full
area of the current SHiP muon system, the spectrometer timing detector will cover an area of
6 ⇥ 12 = 72 m2, with a total of 2 ⇥ 120 = 240 bars. Each bar is read out on both ends, thus
requiring 480 PMTs and electronic channels. The readout electronics will be located around
the edges of the detector module. The presence of a residual magnetic field estimated to be
⇠ 0.02 T (see Section 4.8) requires the use of magnetic shield cases for the PMTs. These cases
(cylinders made of Permalloy) can introduce unwanted dead regions at the junction edge of two
columns. To avoid that we will use bended light guides to settle PMTs behind the active surface
of the detector. As a basic option for PMTs we consider 2” photomultipliers Fast-Hamamatsu
R13089.

Taking the support structure into account, the whole detector would weigh about 3 tonnes.
In Figure 4.57 (right) a single column setup is presented. We consider it as a promising alter-
native to the default 2-columns option described above. Use of a single column reduces the
number of PMTs by a factor of two (about 30% for the overall detector cost). In addition the
problem of a shadow projected by shield cases of PMTs on ECAL does not exist in this case. It
has to be noted that about 20 years ago the OPAL collaboration had been using 6.8 m bars in
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PMT option
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Set-up

[arXiv:1610.05667]

I 10 GeV/c muon beam produced from the CERN PS
(T9 beamline)

I 3 m long bar (EJ-200) readout by PMTs

I 2 reference counters used for trigger
→ 40 ps resolution

I Two DAQ systems are studied

1. WAVECATCHER: 8 channel, hardware trigger ∼
few kHz

2. SAMPIC: 16 channel, self triggering ∼ 150 kHz

I Time resolution of entire system is taken as Gaussian
width of the following
∆t = t1+t2+t3+t4

4
− t5,6
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Time resolution vs. distance

I Very little difference between WAVECATCHER (135 ps in center) and SAMPIC
(140 ps in center) using weighted average

I Degradation of time resolution is worse for SAMPIC at the far end
→ too small of an interval to fit baseline
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Phenomenological fit

I About 130 p.e./PMT when interaction is at middle of the bar

I Path length dispersion in the bar dominates time resolution at large distances
→ Main limiting factor for long bars
→ Faster electronics won’t help
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Angular scans

Horizontal rotation

I 42◦, 45◦, 48◦, 52◦, 60◦, 70◦, 80◦,
90◦

I Track length increases, effective
bar length decreases
→ time resolution improves

Vertical rotation

I 60◦, 70◦, 90◦

I Track length increases
→ time resolution improves
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SiPM option
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Set-up

I Signal generated by 90Sr source

I Scintillating plastic bars (EJ-200,
120× 11× 2.5 cm) read out on both
ends by SiPMs / SiPM Arrays

I Reference counter used for triggering
consists of a small SiPM or Si diode
(UFSD?)

I Signal sent to amplifier and readout
out by 4 GHz oscilloscope
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SiPM characterization

I SiPMs from two manufacturers:

Hamamatsu Photonics
SensL

I SiPM characterized by:

Current-Voltage behavior
Dark count rate
Cross-talk probability
Single photon time resolution
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SiPM single photon time resolution

I Back-to-back γs from
pair-annihilation in 22Na is used as
a source

I Single photon time resolution is
taken as the Gaussian width in the
time difference spectrum from
coincidence signals

I Very good resolution ∼ 100 ps is
observed in 3× 3 mm HPK SiPM
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Time resolution: SiPM+bar

I 90Sr pointed at bar center (60 cm)
I 3× 3 mm SiPM on either end of bar
I Initial measurements indicate time resolution of 1 ns
I Assuming σ ∝ 1/

√
Np.e.

∼ 100 ps for 33% sensor coverage
∼ 60 ps for full sensor coverage

I Optimization studies ongoing (CFD threshold)
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MUSIC: Multiple Use SiPM Integrated Circuit

Operational Modes

I Single channel: analog or
discriminated

I Up to 8 ch summation

I Trigger output

Performance

I Low noise

I High speed: > 500 MHz without
filtering

I Tuneable PZ cancellation

I SPTR 100 ps

I Dynamic range: from < 1/5 to
>2000 p.e.

Applications

I Cherenkov Telescopes

I High Energy Physics and nuclear
detectors

I Lab test benches for SiPM
characterization: flexibility
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Summary & Outlook

I Exploring scintillator based option for SHiP timing detector
I Readout by PMTs

3 m long bars
135 ps in bar center
time resolution limited by bar length
two DAQ systems investigated
[arXiv:1610.05667]

I Readout by SiPMs
1.2 m long bar
1 ns in bar center for 3× 3 mm sensors
→ 100 ps for 33% coverage, 60 ps for full coverage
Custom DAQ based on MUSIC board being investigated

I Plan for testbeam in Summer 2017

I Plan to finalize design by end of 2017

I Much more work to do, stay tuned!
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