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68 4. Experimental Setup at the Maier-Leibnitz-Laboratorium

Figure 4.1.: A site plan of the MLL accelerator facility highlighting relevant accelerator
components. The green line shows the path of the 11B-beam to the experimental site in
hall II (red).

4.1. Accelerator Setup at the MLL

The Maier-Leibnitz-Laboratorium (MLL) features a tandem-van de Graa↵-accelerator with
a maximum acceleration voltage of 2⇥15MV. The experimental setup for the investigation
of organic liquid scintillators is situated at the neutron scattering facility in hall II (see
figure 4.1), which is used by the CRESST collaboration to study neutron induced nuclear
recoils in CaWO4 low temperature detectors [139, 140, 141]. The experimental setup for the
investigation of liquid scintillators was improved successively in collaboration with another
PhD thesis [100] and in the scope of several Diploma theses [138, 142, 143] in several joint
beam times with the CRESST group until August 2012. This thesis uses the data taken
in three beam times performed between September 2013 and June 2014 largely for studies
of liquid scintillators only.

The tandem accelerator is used to guide a pulsed 11B ion beam onto a gaseous hydrogen
target to produce a neutron beam by the following nuclear reaction:

11B + p ! 11C + n . (4.1)

4.2. Experimental Setup for Liquid Scintillator Characterization 73

Figure 4.4.: Cross section of the detector module for liquid scintillator investigations at the
MLL. The sample container (left side of the drawing) can be flanged on the PVC housing
of the PMT (blue). The vacant space on the right side of the drawing houses the voltage
divider (not shown) for the PMT. This region can be accessed by an additional flange. The
high voltage and signal cable are fed through the pipe structures shown on the right.

(a) Sample container view facing the
PTFE container.

(b) Sample container view facing the
quartz glass window.

Figure 4.5.: Photos of a sample container. The scintillator samples are contained in a
white PTFE cell (1 inch inner depth and 3 inch inner diameter) and a 2mm thick quartz
glass window. The cell is screwed into a PVC flange and sealed by a PTFE coated O-ring
between the cell and quartz glass window. The sample container is filled through a hole at
the side of the PTFE cell, which can be sealed by a PTFE screw. Three identical sample
containers were constructed and used in the measurements.
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76 4. Experimental Setup at the Maier-Leibnitz-Laboratorium

Figure 4.8.: Schematic drawing of the experimental setup at the neutron scattering fa-
cility at the MLL. The CRESST cryostat (red circle) was dismounted during most of the
measurements to reduce systematic e↵ects due to neutrons scattering inside the cryostat.
The detector can be moved easily on an Item-rail [149] and placed at up to ten selected
positions between 1.0�  ✓  35.3� with respect to the beam axis (✓ = 0�). Thereby,
neutron energies between 4.7MeV and 11.2MeV are obtained.

positions from Pos-1 to Pos8 has historical reason. In previous beam times only Pos0 to
Pos7 have been used because of an additional scintillator detector on the beam axis, used
by the CRESST group. This detector was in the line of sight to the H2-cell and, therefore,
caused systematic e↵ects due to neutron scattering and activation. In the beam times
performed in the scope of this thesis, this detector was moved to a position, at which the
influence on the measurements was minimal.

The error on the distance measurement was estimated to be 5mm for Pos0 to Pos8 and
10mm for Pos-1. Due to the dimensions of the scintillator volume and the hydrogen cell a
geometrical error on the distance of 25.0�27.7mm arises, which is used as an input to the
neutron energy determination by time-of-flight described in section 6.3. The measurement
error on the angle to the beam axis results from error propagation on the triangulation and
is between 0.3� and 2.8�, depending on the detector position. Due to the 3 inch diameter
of the scintillator cell, an additional geometrical error on the angle to the beam axis was
derived to be 0.6� � 1.1�.

4.2.3. Electronic Setup and Data Acquisition

To perform a time of flight measurement a coincidence between the PMT signal and a
signal correlated to the pulsing is needed. The signal provided by the MLL pulsing system
is synchronous to the actual neutron production in the H2-cell, but features an unknown
time shift. Therefore, this signal can only be used as a clock for the trigger. The actual

Off-­‐axis	
  measurements	
  for	
  
choosing	
  neutron	
  energy	
  
(range	
  between	
  ca.	
  5	
  and	
  
11	
  MeV)	
  

4.2. Experimental Setup for Liquid Scintillator Characterization 75

Figure 4.7.: Fully assembled detector mounted on an Item-rail. The PVC encapsulation
housing the PMT is highlighted in green. The position of the sample container flanged to
the PVC housing, covered by a cap and tape for light tightness is pointed out by the orange
box. On the right, the holder used for calibration with radioactive �-sources (yellow) is
shown. It is attached to the detector module by two metal sticks, which are also used to
adjust the source position, and was removed during measurements with the neutron beam.
Mind that the detector is flipped by 180� compared to the schematic drawing shown in
figure 4.4.
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Figure 4.1.: A site plan of the MLL accelerator facility highlighting relevant accelerator
components. The green line shows the path of the 11B-beam to the experimental site in
hall II (red).
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a maximum acceleration voltage of 2⇥15MV. The experimental setup for the investigation
of organic liquid scintillators is situated at the neutron scattering facility in hall II (see
figure 4.1), which is used by the CRESST collaboration to study neutron induced nuclear
recoils in CaWO4 low temperature detectors [139, 140, 141]. The experimental setup for the
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PhD thesis [100] and in the scope of several Diploma theses [138, 142, 143] in several joint
beam times with the CRESST group until August 2012. This thesis uses the data taken
in three beam times performed between September 2013 and June 2014 largely for studies
of liquid scintillators only.

The tandem accelerator is used to guide a pulsed 11B ion beam onto a gaseous hydrogen
target to produce a neutron beam by the following nuclear reaction:

11B + p ! 11C + n . (4.1)
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166 7. Pulse Shape Discrimination Performance Analysis

Figure 7.8.: Rejection e�ciency for neutron events as a function of the selection e�ciency
for �-ray induced events for the LAB-3-20(2) scintillator sample (February 2014). The data
points were calculated for fixed �-ray event selection e�ciencies between 70% and 99.98%,
using the results from the fits to the distributions of the tail-to-total parameter, obtained for
each energy interval, as described in section 7.2.2. The inset shows a zoom to the selection
and rejection e�ciency regions above 99%.
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for �-ray induced events, using equations (7.6) and (7.8), respectively.

The errors on the parameters for the selection/rejection e�ciencies ⌘
n,i

and ⌘

�,i

and
the remaining fractions of events r

n,i

and r

�,i

are determined by Gaussian error propa-
gation of the errors on the parameters of the respective Gaussian distribution (g

�,i

(t2t)
and g

n,i

(t2t)), obtained from the fit to the distribution of the tail-to-total parameter
for each energy interval i (see section 7.2.2).

Figure 7.8 shows the rejection e�ciencies for neutron induced events (see equa-
tion (7.5)), calculated for fixed selection e�ciencies for �-ray events (see equation (7.7))
between 70% and 99.98%, in case of the LAB-3-20(2) scintillator sample (February
2014). Furthermore, in figure 7.9 the remaining fraction of neutron induced events
for a selection e�ciency of �-ray events of 99% (figure 7.9(a)) and the remaining
fraction of �-ray events for a 99% selection e�ciency of neutrons (figure 7.9(b)) are
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•  Inverse	
  beta	
  decay	
  opens	
  a	
  window	
  for	
  DSNB	
  measurement	
  with	
  liquid	
  
scin*llator	
  detectors	
  

•  Atmospheric	
  neutrino	
  nc	
  –	
  reac*ons	
  on	
  C-­‐nuclei	
  with	
  neutron	
  emission	
  
provide	
  the	
  most	
  severe	
  background	
  contribu*on	
  

•  Iden*fica*on	
  of	
  those	
  events	
  via	
  pulse	
  shape	
  discrimina*on	
  required	
  

•  LAB	
  based	
  scin*llator	
  provide	
  this	
  opportunity	
  

•  Further	
  experimental	
  studies	
  and	
  simula*on	
  necessary	
  

•  Borexino	
  exposure	
  is	
  (aker	
  10	
  years	
  of	
  data	
  taking)	
  large	
  enough	
  to	
  study	
  
atmospheric	
  neutrino	
  nc	
  -­‐	
  reac*ons	
  


