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At the US Beamline and ND280 working group meeting, there was a little bit of controversy
about the MAPMT light yield predicted by the ND280mc. This note details how the original light
response was calculated, and presents a detailed comparison with the SciBar and MINOS light
responses.

1 Tuning the ND280mc using the D0 Pre-Shower Cosmic Ray

Calibration

Since the ND280mc does not do a “photon-level” simulation of scintillation light, it has been tuned
to the measured response of the D0 central pre-shower detectors which have the same physical
geometry as the is simulated in the ND280mc. The D0 Central Pre-Shower calibration is described
in [1] and without attenuation correction finds for muons within ±()15 ◦ of vertical the average
response is 11.4±0.1 pe/layer (14.3±0.2 pe/layer) for singlet (doublet) hits. The average response
for a layer is 12.85 pe/layer1 which corresponds to 21-24 pe/cm/MIP.

The D0 pre-shower scintillator is read out using Kuraray Y-11 (250 ppm concentration) WLS
fibers (835 µm with a 4 m attenuation length) attached to 11 m long clear Kuraray multi-clad
S-type fibers (835 µm with a 8.9 m attenuation length). The fibers are then read out using
VLPCs which have quantum efficiencies between 60–80 %. Taking the VLPC quantum efficiency
to be 80% and correcting for the attenuation length implies an efficiency corrected response of
103 pe/cm/MIP2.

The simulated response of 3 m D0 bars in the ND280mc is shown in in table 1. The response
has been determined using 2 GeV muons travelling along the Z axis with the vertices randomly

1This value is not quoted in [1], and was caluculated using a simple average of singlet and doublet hits
2The comparable number for the SciBar is approximately 110 pe/cm/MIP

Table 1: The amount of light predicted by the ND280 MC for various light detection devices. This
is generated using 2 GeV/c muons perpendicular to the detector planes. The clear fiber is assumed
to have an 8.9 m attenuation length.

QE (%) p.e./bar p.e./layer

Ideal light collection 100% 32.3 66.4
VLPCs with 11 m clear fiber 80% 9.6 14.4

APDs with no clear fiber 80% 29.5 53.3
SiPMs/MAPMT with no clear fiber 15% 5.4 9.9

MAPMTs with 7 m clear fiber 15% 2.7 4.3
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distributed in X and Y. The scintillator bars are oriented along the X axis. In the simulation
the WLS and clear fiber are assumed to be the same as used by D0 (835 µm diameter with 4 m
and 8.9 m attenuation lengths). The first row gives the response of the D0 bars given an ideal
light detector (100% quantum efficiency) mounted directly to a 3 m WLS fiber. The second row
presents the response if VLPCs mounted with 11 m of clear fiber are used. This is essentially the
configuration originally suggested by Chang Kee. The third row shows the response if APDs are
mounted directly on the WLS fiber. The fourth row gives the response of silicon photo-multipliers
(SiPM) which are simulated as having the same response as a MAPMT. The SiPMs are directly
mounted on the WLS fiber. The final row gives the response of the bar if MAPMTs are mounted
using 7 m of clear fiber. In a detector with interlocking bars such as TASS, average charge per
layer is approximately twice the average charge collected per bar.

These numbers are slightly different from what I presented in May 2003 at the working group
meeting. For reference, in May I reported 6.1 pe/MIP/layer. This compares 5.4 pe/MIP/cluster
in the current simulation which uses longer scintillating bars so, on average, the muons are further
from the photo-detectors.

2 Tuning the ND280mc using a Scintillator Light Production MC

Since people have expressed concern that the D0 light response calibration may be over estimating
the amount of light detected by a MAPMT, I have also estimated the response using a light
production simulation provided to me by Hugh Gallagher. This simulation has been used to study
the response of the MINOS and NOνA scintillator and is tuned to the light production measured
at the MINOS Module Factory3. Quoting from Hugh Gallagher’s web page [2], this simulation
assumes:

• Scintillator density of 1.03 g/cm2

• Average MIP energy deposition of 1.68 MeV/gcm2

• 1 photon / 60 eV

• Scintillator emission spectrum from UMN measurements

• Wavelength dependent light transmission in scintillator (from Dave Anderson)

• The WLS fiber emission spectrum

• TiO2 doped PVC extruded with the scintillator.

• Attenuation in the fiber from (Bicron data and UMN measurements)

• QE from Hamamatsu and APD data sheets.

This simulation allows the bar size and fiber diameter to be modified based on user input, and I
have modified the code to simulate both square and triangular bars.

To validate the simulation, I compared the predicted light response of 2.5x1.3 cm bars instru-
mented with 1.2 mm fiber and MAPMTs to the measured response of the K2K SciBar detector. The
SciBar detector has been calibrated as measuring 16.52 pe/cm/MIP and this simulation predicts
16.1±0.1 pe/cm/MIP.

3To quote Hugh, “It has been used and modified by numerous people over the years and has been the basis for
many MINOS (and now off-axis) scintillator studies.”
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Figure 1: The variation of the photon electrons per centimeter per MIP versus the area of a square
scintillating bar.
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pe/cm/MIP vs Fiber Radius
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pe/cm/MIP vs Fiber Radius

Figure 2: The variation of the photon electrons per centimeter per MIP as a function of fiber
diameter. The left hand figure is for a bar with a 7.9x4.1 mm cross section. The right hand figure
is for a bar with a 25x13 mm cross section.
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Figure 1 shows the change in collected light as a function of the cross sectional area of the
scintillator bar with the dimensions varied so that all bars have the same aspect ratio. The smallest
bar has a cross sectional area similar to the D0 bar. Figure 2 shows variation in collected light as
a function of the diameter of the WLS fiber for two different scintillating bar cross-sections. The
points have been fit by the function

f(A) = α

(

d2

A

)β

(1)

where A is the cross-sectional area of the bar, and d is the diameter of the fiber. This function
doesn’t include any correction for attenuation inside of the scintillator, losses due to reflection, or
other similar effects. In particular, the values of α and β are not expected to be meaningful and
each distribution yields different values.

The scintillator light production simulation predicts that an MAPMT mounted directly on the
WLS fiber will collect 6.6 photo-electrons for the geometry presented in table 1. This compares
with 5.4 photo-electrons in the current simulation.

3 Conclusions

In comparison to a full scintillator light production MC that has been tuned to MINOS module
factory measurements and the SciBar light yield calibration, the current ND280mc detector sim-
ulation underestimates the light yield by about 20%. The MAPMT response predicted by the
ND280mc for realistic detector configurations is 4.4 pe/MIP/layer. Since this is relatively low and
increasing the light output by 20% would likely increase the detector acceptance, the light output
of the ND280mc has not been increased to match the full light production MC.

A bench-test should be constructed to verify the calculations presented in this note. In addition,
I am studying the option of increasing the bar size by about 50% giving an MAPMT light yield of
6 photo-electrons per layer with 7 m of clear fiber.
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