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THE SCIBATH DETECTOR 



Design Concept 
•  Bath of liquid scintillator 
•  ~40 cm length cubic volume 
•  3D array, crossed wave- 

length shifting fiber readout 
•  768-channel with 64-anode 

PMT system (x12) 
•  IU custom-built DAQ ($70 

per channel with PMT) 
!"#$"%&'(")*++,-./&

0,12+2)3-45'4"6")3&
782/'&

94
,/
32
%&

:,
/*
(+2
&

;<=&



The SciBath Detector 
•  80 L liquid scintillator (LS) 

•  88% mineral oil 
•  11% pseudocumene 
•  1% PPO 

•  768 (3-16x16) array  
wavelength-shifting fibers 
(x,y,z axes) 
•  1.5 mm diameter 
•  2.5 cm spacing 
•  UV → blue 



The SciBath Detector 
•  Pulsed LED calibration 



The SciBath Detector 
•  N2 and LS plumbing 



The SciBath Detector 
•  Electronics readout & PMTs 



The SciBath Detector 
•  Electronics readout & PMTs 



Sample Event 



Anticipated Sensitivity (n events) 
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n / µ Particle Discrimination 



n / µ Particle Discrimination 
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n / µ Particle Discrimination 
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PRELIMINARY NEUTRON 
ENERGY SPECTRUM 



Beam Spill Time / PE Structure 
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Beam Spill Time / PE Structure 

Softening of PE 
spectrum in time 



Preliminary Analysis Roadmap 
1.  Measure proton PE response 
2.  Convert proton PEs to energy scale 
3.  Unfold spectrum of neutrons from protons 
4.  Divide detector efficiency 
5.  Normalize to X units  

(X = time, POT, triggers, etc.) 

Future spectra will combine 3. and 4. in MC 
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SciBath In-Beam PE Spectrum 
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Preliminary Analysis Roadmap 
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Proton Response and Quenching 
•  Birk’s Law used to 

convert to energy 
deposit 

•  Handles quenching 
for large dE / dx 
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Proton Response and Quenching 
•  Birk’s Law used to 

convert to energy 
deposit 

•  Handles quenching 
for large dE / dx 

dL

dx
∝ dE/dx

(1 + kB dE/dx)

kB ≈ 0.013 MeV−1 · g/cm2
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Energy Deposit Spectrum 

Assume everything is a 
proton recoil and apply 

quenching formula 
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300 MeV protons can 
“range-out” in SciBath. 



Preliminary Analysis Roadmap 
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A Quick Unfolding Algorithm 
•  Assume isotropic 

CM scattering 
•  Assume uniform 

energy deposit 
•  Assume monotonic 

with endpoint 
•  Integrate uniform 

“cake layers” 

θ	
n 

p 

Ep 

En 



A Quick Unfolding Algorithm 
•  Assume isotropic 

CM scattering 
•  Assume uniform 

energy deposit 
•  Assume monotonic 

with endpoint 
•  Integrate uniform 

“cake layers” 

10

8

6

4

2

0
43210



A Quick Unfolding Algorithm 
•  Assume isotropic 

CM scattering 
•  Assume uniform 

energy deposit 
•  Assume monotonic 

with endpoint 
•  Integrate uniform 

“cake layers” 

10

8

6

4

2

0
43210



A Quick Unfolding Algorithm 
•  Assume isotropic 

CM scattering 
•  Assume uniform 

energy deposit 
•  Assume monotonic 

with endpoint 
•  Integrate uniform 

“cake layers” 

10

8

6

4

2

0
43210



Unfolded Neutron Spectrum 
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Detection Efficiency (MC) 
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Predicted Neutron Spectrum 
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Neutron Spectrum per Beam Spill 
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NEXT STEPS 



Underway 

•  Implement MC unfolding 
•  Least squares fit or 

maximum likelihood? 
•  POT analysis 
•  Explore effect of n-

capture tagging, fiducial 
cuts, and PID 

•  Directional analysis 
•  Double scatter analysis 

More Aggressive 

•  n / γ discrimination 
•  Validate with cosmic n’s 
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TABLE II
FITTED PARAMETERS FOR THE ANALYTIC MODEL

. In the Appendix, we provide a table of numer-
ical values of neutron differential flux, , for
determined from the shape of the Yorktown Heights spectrum
scaled down to the location of New York City (NYC) at sea
level (as it is shown in Fig. 6), then further adjusted up to the fit
in Fig. 5, and up to the mid-point of solar modulation using (3).
We refer to this spectrum as the “reference” spectrum. Its flux is
0.901 times that of the measured spectrum at Yorktown Heights
and 1.07 times that of the scaled spectrum shown in Fig. 6.

The spectrum may change shape slightly in the GeV region at
higher cutoffs. The airplane measurements of Goldhagen et al.
[14], obtained at an altitude of 20 km, found that the fraction of
the total flux that was above 10 MeV was 8% higher at a cutoff
of 11.8 GV than at 0.8 GV. Calculations by Mares et al. [37]
show that the cutoff dependence of the spectrum shape is less
than half as much on the ground as it is at 20 km.

V. ANALYTIC MODEL

In addition to tabulated values of , a simple analytic
expression has been fit to the NYC reference neutron spectrum
in the energy range from 0.1 MeV to 10 GeV

(6)

The values of the parameters , , and in (6) were
constrained by requiring that the energy-integrated fluence,

, in the energy regions of the evaporation and
high-energy peaks from the model agree with the experimental
data to within a few percent. The numerical values of these
parameters are listed in Table II. Since the flux in the thermal
peak, and to a lesser extent the plateau region, depend on
the local environment, functions fitting these regions are not
presented here.

Fig. 7 shows a graph of the evaporation and high-energy re-
gions of the reference spectrum and the analytic model in the

representation. The data are shown as a histogram
and the analytic model is the solid smooth curve. The fit is vis-
ibly very good above 10 MeV and reasonably good in the evap-
oration region down to about 0.4 MeV.

VI. COMPARISON TO JEDEC STANDARD

Fig. 7 also shows the spectrum from Appendix E of JEDEC
Standard JESD89 [38]. The JEDEC model was a fit through
previously published data adjusted to the same conditions as
our reference spectrum. (This was the main reason we chose
those conditions.) It has been used for a number of years and
forms the basis of current SER calculations. The JEDEC model
underestimates the reference measured flux integrated from 50
MeV to 1 GeV and overestimates

Fig. 7. Upper-energy portion of the reference neutron spectrum at New York
City, sea level, and mid-level solar modulation (histogram), the analytic fit (solid
smooth curve), and the model from Appendix E of JEDEC Standard no. 89 [38]
(dashed curve).

Fig. 8. Differential flux, , of cosmic-ray induced
neutrons as a function of neutron energy. The data points are our reference
spectrum from the measurements, the solid curve is our analytic model, and
the dashed curve is the JEDEC model [38].

it from 5 to 50 MeV and again from 1 to 10 GeV by factors of
1.7 and 1.3, respectively.

Fig. 8 shows the same data as Fig. 7, but presented as the
more familiar differential flux (neutrons ).
As already shown in Fig. 7, our analytic model reproduces the
measured spectrum better than the JEDEC model.

VII. CONCLUSION

Five sets of neutron spectrometer data have been collected
and analyzed from a variety of sites across the United States
to determine the flux and energy distribution of cosmic-ray in-
duced neutrons on the ground. The measurement sites had a
wide range of altitudes and a small range of geomagnetic cutoff
rigidities (1.6 to 4.7 GV). An extended-energy Bonner sphere
spectrometer was used that collected data simultaneously across
an energy range from 1 meV to about 10 GeV. The measured
total neutron flux varied by a factor of 15 from the highest
to lowest altitude sites, but the shape of the spectrum above


