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Scintillatore liquido EJ-309Fotomoltiplicatore 9821B

PMTs a scintillatore liquido (LSci)

Scintillatore organico, in cui la scintillazione è data dalla transizione dell’elettrone 
di valenza libero della molecola.

Tempo di decadimento (componente short) = 3.5 ns



The	  detectors/Scin=llator	  

 

   

 
 

High flashpoint EJ-309 liquid scintillation detectors 
 
High flashpoint EJ-309 liquid scintillator is an alternative to the commonly used EJ-301 
(=NE213).  EJ-309 has a flashpoint of 144° C and is not listed as dangerous goods 
material. It’s Pulse Shape Discrimination (PSD) properties are just slightly inferior to  
EJ-301. 
 
To increase the neutron sensitivity, EJ-309 can be doped with Boron up to a weight  
percent of 5% of natural boron. This material is called EJ309:B5. 
 
EJ-309 can be encapsulated in a variety of geometries and can be read out with suitable 
PMT’s to obtain the optimum timing and neutron gamma separation via PSD. 
 
Properties EJ-309 EJ-309:B5 
Light output (rel. to Anthracene) 75 % 52 % 
Photon yield / MeV electrons 11.500 approx. 8000 
Maximum of emission wavelength 424 nm 424 nm 
Density (15 oC) 0.964 g / cc 0.963 g / cc 
H:C ratio 1.25 1.28 
No. C atoms per cc 4.37. 1022 4.13 1022 
No. H atoms per cc 5.46 .1022 5.34 1022 
No. electrons per cc 3.17. 1023 3.16 1023 
No of 10B atoms per cc ---- 5.34 . 1023 
Flash point 144° C 144° C 
Decay time short component Approx. 3.5 ns Approx. 3.5 ns 
Refractive index 1.57 1.57 
Light attenuation coefficient > 1 m >1 m 
 
  
 
 
 
 

 

 

 
 

       Data sheet 
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The	  liquid	  cell	  
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7 typical voltage gain characteristics

1 description

)2()1(
subject to not exceeding max. rated sensitivity subject to not exceeding max rated V(k-a)

unit min typ max

6 characteristics

78 mm (3") photomultiplier
9821B series data sheet

5 typical spectral response curves

3 features

2 applications

4   window characteristics

The 9821B is a 78mm (3”) diameter, end window 
photomultiplier with blue-green sensitive bialkali 
photocathode on a plano-concave window, and 12 BeCu 
dynodes of linear focused design for good linearity and 
timing.

� high energy physics studies
� scintillation spectroscopy

� good SER
� high pulsed linearity
� fast time response

spectral range *(nm)     285 - 630
refractive index (n ) 1.47d

  K (ppm)     300
Th (ppb)     550
U (ppb)     450

9821B
   borosilicate

* wavelength range over which quantum efficiency exceeds 1 % of peak
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magnetic field sensitivity: 
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decreases by 50 %

-4  most sensitive direction T x 10
-1  temperature coefficient: % ºC ± 0.5

  timing: 
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single electron jitter (fwhm) ns 2.2
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  weight: g 260
  maximum ratings:
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High Voltage [V]
1650 1700 1750 1800 1850 1900
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310×

 / ndf 2χ  3.811 / 4
K         1.396±43.81 − 
N             0±    12 
C         0.01554± 0.6477 

 / ndf 2χ  3.811 / 4
K         1.396±43.81 − 
N             0±    12 
C         0.01554± 0.6477 

Gain curve Scint S2AA2440 (ser. n.)
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Guadagno del Fotomoltiplicatore

Guadagno proporzionale a VCN

dove V è la tensione applicata 
al PMT

P = bcd e ' Kfg

e f g
Scintillator #5 −43.81	 ± 1.396 0.6477	 ± 0.0155 12



LSc	  setup	  
•  In	  test-‐stand	  in	  Rome	  all	  9	  Lsci	  detector	  has	  been	  

operated,	  gain	  checked	  and	  equalized	  
 / ndf 2χ  65.37 / 46

Prob   0.0316
Norm1     255.8±  8437 

 µbaseline  0.052±0.303 − 
 σbaseline  0.0211± 0.9736 

Norm2     4.9± 368.1 
  µSPE  0.046± 5.314 
 σSPE  0.050± 2.398 

Charge [pC]
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 / ndf 2χ  65.37 / 46

Prob   0.0316
Norm1     255.8±  8437 

 µbaseline  0.052±0.303 − 
 σbaseline  0.0211± 0.9736 

Norm2     4.9± 368.1 
  µSPE  0.046± 5.314 
 σSPE  0.050± 2.398 

Spectrum PhotoElectron (1650 V)
 / ndf 2χ  93.49 / 50

Prob   0.0001884
Norm1     3.844e+02± 1.082e+04 

 µbaseline  0.0588±0.3172 − 
 σbaseline  0.022± 1.011 

Norm2     4.9± 393.7 
  µSPE  0.043± 6.878 
 σSPE  0.043± 2.995 
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  µSPE  0.043± 6.878 
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Spectrum PhotoElectron (1700 V)

 / ndf 2χ  175.2 / 66
Prob  12− 7.78e
Norm1     7.371e+02± 1.264e+04 

 µbaseline  0.1024±0.7943 − 
 σbaseline  0.03±  1.22 

Norm2     5.4± 606.6 
  µSPE  0.041± 8.678 
 σSPE  0.036± 3.984 
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Spectrum PhotoElectron (1750 V)
 / ndf 2χ    407 / 72

Prob       0
Norm1     2.097e+03± 1.736e+04 

 µbaseline  0.21±1.35 − 
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 σSPE  0.047± 5.119 
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Spectrum PhotoElectron (1800 V)

 / ndf 2χ  666.5 / 87
Prob       0
Norm1     5.698e+05± 3.886e+06 
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Spectrum PhotoElectron (1850 V)
 / ndf 2χ   1170 / 112

Prob       0
Norm1     2.495e+07± 2.527e+08 

 µbaseline  0.24±22.43 − 
 σbaseline  0.037± 4.946 

Norm2     4.2±   614 
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 σSPE  0.06±  8.35 
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Spectrum PhotoElectron (1900 V)
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LSci	  original	  calibra=ons	  

•  Up	  to	  30%	  varia=ons	  within	  detectors,	  up	  to	  10%	  varia=ons	  for	  ver=cal	  or	  
horizontal	  orienta=on	  

Charge	  Integral	  [pC]	  

 / ndf 2χ  88.08 / 77

Prob   0.1823
Norm1     4.9± 646.9 

 µNumPE  0.11± 83.05 

 σNumPE  0.10± 14.62 

#photoelectrons
0 20 40 60 80 100 120 140

Ev
en

t n
um

be
rs

10

210

310

410
 / ndf 2χ  88.08 / 77

Prob   0.1823
Norm1     4.9± 646.9 

 µNumPE  0.11± 83.05 

 σNumPE  0.10± 14.62 

Scint 1, Am Peak [60 KeV]
 / ndf 2χ  99.75 / 64

Prob   0.002823
Norm1     4.7± 539.4 

 µNumPE  0.13± 74.01 

 σNumPE  0.12± 13.74 
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Prob   0.002823
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Scint 2, Am Peak [60 KeV]
 / ndf 2χ  81.65 / 70

Prob   0.161
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Scint 3, Am Peak [60 KeV]
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Prob   0.3037
Norm1     3.8± 377.9 
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 / ndf 2χ  69.29 / 64
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Scint 4, Am Peak [60 KeV]
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Prob   0.4719
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 / ndf 2χ  50.04 / 50

Prob   0.4719
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 µNumPE  0.14± 79.59 

 σNumPE  0.19± 14.27 

Scint 5, Am Peak [60 KeV]
 / ndf 2χ  63.25 / 64

Prob   0.5032
Norm1     4.6± 489.6 

 µNumPE  0.1±  64.4 

 σNumPE  0.11± 12.77 
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 / ndf 2χ  63.25 / 64

Prob   0.5032
Norm1     4.6± 489.6 

 µNumPE  0.1±  64.4 

 σNumPE  0.11± 12.77 

Scint 6, Am Peak [60 KeV]
 / ndf 2χ  58.24 / 57

Prob   0.4296
Norm1     6.9±  1028 

 µNumPE  0.09± 66.33 

 σNumPE  0.08± 12.09 
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 / ndf 2χ  58.24 / 57

Prob   0.4296
Norm1     6.9±  1028 

 µNumPE  0.09± 66.33 

 σNumPE  0.08± 12.09 

Scint 7, Am Peak [60 KeV]
 / ndf 2χ  78.33 / 63

Prob   0.09235
Norm1     5.5± 712.1 

 µNumPE  0.10± 71.32 

 σNumPE  0.10± 13.44 

#photoelectrons
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 / ndf 2χ  78.33 / 63

Prob   0.09235
Norm1     5.5± 712.1 

 µNumPE  0.10± 71.32 

 σNumPE  0.10± 13.44 

Scint 8, Am Peak [60 KeV]

#	   LY	  	  
[pe/KeV]	  

D	  LY	  
(stat.)	  

1	   1.384	   0.002	  

2	   1.233	   0.002	  

3	   1.435	   0.003	  

4	   1.327	   0.003	  

5	   1.327	   0.002	  

6	   1.073	   0.002	  

7	   1.105	   0.002	  

8	   1.189	   0.002	  

•  In	  test-‐stand	  in	  Rome	  8	  Lsci	  det.	  have	  been	  operated,	  gain	  checked	  and	  equalized.	  
241Am	  γ	  source	  (60	  KeV)	  used	  to	  extract	  LY	  and	  check	  uniformity	  vs	  det.	  orienta=on	  
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Orienta=on	  dependence	  
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Variazione del rapporto LY
rispetto alla diverse posizioni 
degli scintillatori.

Variazione che va dal 4% al 7%
effetto non trascurabile, di cui
tener conto nella costruzione 
dello spettrometro.

tu = 	
#}lml1RqR~noQmR

r

Calibrazione degli 8 LSci EJ-309 con 241Am 

#jklmlnonpmql12 J
rs tu	[C/xnK]

Scintillator #1 83. 67 ± 0.29 (16.58	 ± 0.35)	% 1.3841	 ± 0.0018

Scintillator #2 75.07	 ± 0.37 (16.94	 ± 0.48)	% 1.2335	 ± 0.0021

Scintillator #3 86.96	 ± 0.21 (17.05	 ± 0.31)	% 1.4353	 ± 0.0026

Scintillator #4 80.70	 ± 0.30 (16.74	 ± 0.37)	% 1.3266	 ± 0.0028

Scintillator #5 79.96	 ± 0.25 (16.96	 ± 0.46)	% 1.3265	 ± 0.0023

Scintillator #6 65.15	 ± 0.17 (17.96	 ± 0.31)	% 1.0733	 ± 0.0020

Scintillator #7 66.49	 ± 0.14 (17.64	 ± 0.21)	% 1.1054	 ± 0.0015

Scintillator #8 72.10	 ± 0.20 (17.41	 ± 0.29)	% 1.1886	 ± 0.0016

Verificata l’uniformità degli 8 scintillatori con una 
variazione massima del LY del 26% tra lo 
scintillatore #3 e lo scintillatore #6

0°	  wrt	  ver=cal	  

90°	  wrt	  ver=cal	  

180°	  wrt	  ver=cal	  
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V.	  Di	  Cicco	  
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Sample	  Compton	  Edge	  Fit	  137Cs	  

Implemented	  in	  Roofit	  a	  numerical	  convolu=on	  of	  the	  Nishina	  Klein	  
formula	  with	  a	  gaussian	  resolu=on	  func=on	  
Good	  descrip=on	  of	  the	  compton	  edge,	  ignored	  mul=ple	  interac=on	  so	  far	  

V.	  Di	  Cicco	  
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Calibrazione LSci EJ-309 con 137Cs, 60Co 

pulse integral A.U.
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s1/E=(3.7±0.1) %
s2/E=(4.8±0.1) %
C = 72.13±0.06 KeV/1000ADC counts

True	Compton	edge	
peak1	0.97	MeV
peak2	1.13	MeV
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True	Compton	edge	
477	KeV

s/E=(3.21±0.09) %

C = 28.36±0.03 KeV/1000ADC counts

Scattering Compton dominante ad alte energie 
(137Cs, 60Co), occorre una diversa funzione di fit.

Implementata in RooFit una convoluzione della 
formula di Klein - Nishina e di una gaussiana, 
con fondo ambientale.

x gauss

Convoluzione di due Nishina-Klein con due 
funzioni di risoluzione gaussiane

Evidenza di due Compton Edge, relativi a 
due C di 1.17 MeV e 1.33 MeV

LY 137Cs = 2.331 ± 0.064  C/xnK	
LY 60Co = 2.550 ± 0.042  C/xnK	
L’efficienza di scintillazione si riduce per 
sorgenti radioattive di basse energie a 
causa di un effetto di quenching nei LSci.
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Linearity/Resolu=on	  
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7.1 Analisi dati raccolti dal rivelatore con EJ309 di Napoli

Energy [KeV]
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m         0.01014± 2.562 

Calibration curve

Figura 7.10: Linearità della resa in luce in funzione dell’energia.

Anche i valori ottenuti dalla risoluzione sull’energia sono stati graficati
in funzione dell’energia dei raggi � incidenti; i valori utilizzati escludono la
sorgente di Cobalto-60 perché, come già ricordato, acquisita ad una HV di
1800 V invece che 2000 V. É stato eseguito un fit utilizzando la funzione:

R =

r
(
p
0�
E
)2 + (

p
1

E
)2 + (p

2

)2 (7.9)

dove p
0

, p
1

e p
2

sono tre parametri che si ottengono dal fit.
In questa funzione riconosciamo innanzitutto un primo termine, che è stoca-
stico, da cui si vede che la fluttuazione del numero dei fotoelettroni fornisce un
termine proporzionale alla radice quadrata dell’energia. Il secondo termine è
un contributo di noise, mentre il terzo è un termine costante che racchiude
ulteriori e�etti. Il fit non permette di valutare al meglio il termine stocastico,
in quanto è dominato dal termine di noise; occorrerebbero dunque più punti
intermedi per determinare meglio i parametri. Infatti in fig. 7.11 vediamo
due diversi fit, in quanto nel secondo è stato escluso il punto corrispondente
al Bario, poiché a causa della non perfetta identificazione dei contributi dei
vari picchi del Bario, otteniamo una "slabbramento" sulla risoluzione.
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Resolution curve

Energy [KeV]
0 100 200 300 400 500

R
es

ol
ut

io
n 

(%
)

0

5

10

15

20

25

30
 / ndf 2χ   2.79 / 1

p0        63.73±05 −1.328e− 
p1        42.35±858.8 − 
p2        0.6123±2.624 − 

 / ndf 2χ   2.79 / 1
p0        63.73±05 −1.328e− 
p1        42.35±858.8 − 
p2        0.6123±2.624 − 
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Figura 7.11: Andamento della risoluzione in funzione dell’energia delle sor-
genti radioattive. Nell’immagine in alto viene considerato anche il Compton
Edge del Bario-133, escluso invece nel plot in basso, in quanto non ottimale
a causa dei contributi dei diversi fotopicchi della sorgente.
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COMMISSIONING	  AND	  OFFLINE	  
STUDIES	  
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LSci	  	  	  wheel	  Commissioning	  	  
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•  PSD	  checked	  with	  a	  252Cf	  source	  illumina=ng	  all	  Lsci	  cells	  



Satura=on	  at	  around	  10^5	  ADC	  
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~1	  MeVee	  
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Lsci	  PSD	  performance	  
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•  PSD	  =	  short/long	  gate	  integral	  (60	  ns)	  
•  FOM	  =	  Δ/√(σγ2+σn

2)	  	  
•  Implica=on	  of	  satura=on	  at	  high	  energy	  to	  be	  studied	  	  	  

FOM ~ 2.5   FOM ~ 4.9   



Comparison	  with	  Stevanato	  et	  al.	  

ReD	  -‐	  Mee=ng	  	  19-‐20/12/18	   20	  

PSD¼(Long Gate Integration"Short Gate Integration)/Long
Gate Integration.

In order to characterize the neutron–gamma discrimination
capability we used the Figure of Merit (FoM) obtained by analyzing
the PSD distribution from a 252Cf source. It is defined as
FoM¼S/(GeþGp) where S is the difference between the two
centroids of the neutron and gamma peaks and (GeþGp) is the
sum of the gamma and neutron full widths at half maximum
[FWHM] [9]. The optimization of the DPP parameters has been
performed empirically by maximizing the FoM corresponding to
different sets of the DPP parameters. It is found that the optimized
DPP parameters for the EJ-301 and EJ-309 detectors are identical:
70 and 17 bins for the Long and Short Gates, respectively, 10 bins
for the Pre-gate and 4 bins for the Baseline Threshold (each bin is
4 ns wide). With the above parameters, each pulse is characterized
by 70 samples and the V1720 Digitizers handles count rate up
about 100 kHz without dead time.

Finally, the energy calibration of the scintillation light was
established by using the procedure described in [10] based on the
fit of the experimental pulse shape distribution by using the
theoretical Compton scattering distribution with an empirical
spreading width to account for the finite detector resolution.
Samples of those spectra for a 22Na radioactive source are reported
in Fig. 1.

It is immediately evident from Fig. 1 that the spectra measured
with the two scintillators are very similar. The calibration
procedure allows one to obtain an estimate of the detector pulse
height resolution by determining the spreading width s needed

to reproduce the Compton Edge structures (for more details see
[10]). The energy resolution is defined as s/L where L is the
energy value of the Compton Edge. The energy resolution derived
in this case for the two liquid scintillators is s/L¼6.0% for the
Compton Edge of the 1275 keV gamma-ray (s/L¼8.2% for the
Compton Edge of the 511 keV gamma-ray). This figure is slightly
better with respect to those reported in [10] for a 2 in.$2 in.
EJ-228 plastic scintillator processed with standard NIM electronics.

Finally, the low energy detection threshold, as determined
from the spectra in Fig. 1, results to be about 60 keV.

3. Pulse shape discrimination

The response of the different scintillators was studied using a
weak 252Cf source (0.7$104 neutron/s) placed at about 15 cm
from the detector front face. Typical PSD versus energy scatter
plots are shown in Fig. 2. In this representation the neutron and
gamma regions can be separated by a cut at PSD¼0.09 for the
EJ-301 and PSD¼0.16 for the EJ-309 for energies larger than 300 keV.

A number of PSD spectra have been produced by varying the
low energy threshold and analyzed. Extracted FoM values are
reported in Fig. 3 for the two detectors explored in this work as a
function of the low energy threshold.

It is seen from Fig. 3 that the FoM increases, improving the
discrimination, with the low energy threshold reaching values
FoM41.5 for thresholds of about 300 keV. This threshold value
corresponds to about 1.5 MeV in proton energy by using the

Fig. 1. Calibrated 22Na pulse height distribution for the detectors studied in this
work: EJ-301 full line, EJ-309 dashed line.

Fig. 2. Scatter plot PSD versus energy of a 252Cf source measured with the EJ-301 detector (left) and EJ-309 (right).

Fig. 3. Figure-of-Merit parameter (FoM) as a function of the low energy threshold
for the detectors studied in this work. EJ-301 detected as squares and EJ-309 as
triangles. The statistical uncertainties are within the point size.

L. Stevanato et al. / Nuclear Instruments and Methods in Physics Research A 690 (2012) 96–101 97



PSD	  to	  do	  

•  Probably	  s=ll	  some	  gain	  in	  PSD	  performance	  
possible	  	  
– Op=miza=on	  of	  PSD	  window	  never	  completed	  
rigorously	  (start	  &	  stop)	  

– Compensate	  for	  ADC	  satura=on	  at	  high	  charge	  	  
– A	  very	  simple	  likelihood	  ra=o	  approach	  based	  on	  
templates	  extracted	  from	  data	  would	  likely	  
improve	  significantly	  at	  low	  energy	  
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Timing	  performance	  with	  22Na	  source	  
E4
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Energy	  calibra=on	  from	  the	  511	  keV	  ph	  
Compton	  edge	  45x103/340	  =	  130	  [ADC/keV]	  



Timing	  performance	  with	  22Na	  source	  
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ΔT	  	  PMT-‐Si	  (Be	  band	  events)	  
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Width	  of	  the	  neutron	  fit:	  4.5	  ns	  	  	  
Seems	  dominated	  by	  the	  Si	  telescope	  =ming.	  Already	  averaged	  E	  and	  DE	  
detectors.	  	  Any	  idea	  how	  to	  further	  improve?	  

dtlscBe_n
Entries  9369
Mean    15.74
RMS      96.5

 / ndf 2χ  127.1 / 71
p0        0.54± 19.25 
p1        8.4±   148 
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(start_time[]-0.5*(start_time[31]+8.57+start_time[30]))*2 {8000<ymax[10] && ymax[10]<12000&& charge[]>1000 &&f90[]>0.15 && Iteration$<9}



Timing	  to	  do	  

•  Seems	  subdominant	  wrt	  to	  SiTel	  =ming	  
performance	  à	  should	  spend	  =me	  
inves=ga=ng	  how	  to	  improve	  that	  

•  However	  sample	  interpola=on	  and/or	  
template	  fipng	  could	  improve	  a	  liqle	  bit	  
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PMT5 pulse charge [ADC x samples]
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Trigger	  Efficiency	  with	  22Na	  source	  
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50	  %	  trigger	  efficiency	  at	  ~2000	  ADCxsample	  



Trigger	  Efficiency	  with	  22Na	  source	  
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September	  Am241	  calibra=ons	  
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September	  Am241	  calibra=ons	  
(negligible	  background)	  
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Trigger	  Threshold	  to	  do	  

•  Monitoring	  calibra=on	  of	  the	  nine	  detectors	  
over	  =me,	  with	  repeated	  Am241	  sourcing	  

•  Adjus=ng	  PMT	  gain	  if	  needed	  to	  equalize	  
response	  

•  Monitoring	  baseline	  changes	  to	  have	  a	  stable	  
trigger	  threshold	  	  
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EFFICIENCY	  
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Ra=o	  	  (Si+TPC+Lsci)/(Si+TPC)	  

Lsci+TPC	  /	  TPC	  events	  	  
	  	  =	  (4.1	  ±	  1.2)x10-‐3	  
	  

Expect	  from	  MC:	  
[48+55+50+60+64+56+56]x8/7	  /
39442.	  =	  
(11.3	  ±	  0.6)	  x10-‐3	  
	  

Expect	  from	  Mauro’s	  “conto”	  (30%	  
Lsci	  efficiency)	  =	  11.0x10-‐3	  
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SelecDon	   Events	  	  
(-‐55<DT<-‐25	  ns)	  

Events	  random	  	  
(55>DT>25	  ns)	  

Bkg	  Subtracted	  
Events	  

TPC	  in	  =me	   4174	   2	   4174	  ±	  65	  

LSci	  in	  =me	   21	   3	   18±	  5	  
theta

phi

Neutrons pointing towards the TPC

Identification of theta and phi of TPC  
Select thetaZ = 12.5±1˚, phiY= 18.5±1˚ 
Fraction of events in this direction: 2.2E-3 

Number of events in this direction: 2.2E-3 x 30 x 5e6 = 333 000 

Fraction of events interacting in the TPC: 42937 / 333 000  = ~ 13% 

Fraction of events interacting in the TPC with 11 keVee threshold: 39442 / 333000 = ~ 12%

 
Fraction of events with 11 keVee threshold and 20 keVee in the LSc[i]: 


!2

LSc LSc (eneLSC[i] > 20 keVee) TPC (eneTPC > 11 keVee) and LSc (eneLSC[i] > 20 
keVee) coincidence

0 || 1 1156 / 3.3e5 101 / 3.3e5
2 300 / 3.3e5 48 / 3.3e5
3 296 / 3.3e5 55 / 3.3e5
4 322 / 3.3e5 50 / 3.3e5
5 318 / 3.3e5 60 / 3.3e5
6 288 / 3.3e5 64 / 3.3e5
7 312 / 3.3e5 56 / 3.3e5
8 268 / 3.3e5 56 / 3.3e5

TPC
to compare with Michael



Grand	  Summary	  Predic=ons	  vs	  
Observa=on	  (new)	  

All	  events	  number	  reported	  in	  events/day/nA	  in	  8	  dis=nct	  3”	  Lsci	  assuming	  
iden=cal	  rate	  through	  all	  and	  244	  ug/cm2	  target	  
Uncertainty	  on	  observed	  #	  events	  includes	  (in	  quadrature)	  data	  sta=s=cs	  and	  
uncertainty	  	  on	  beam	  current	  (max	  devia=ons	  between	  logbook	  and	  
interpola=on,	  the	  laqer	  being	  of	  order	  30%).	  
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Run	  Type	   Luciano	  @	  PAC	  
(15	  cph	  par
+perp.)	  

Luciano	  (email	  
6/9/18:	  	  
MC	  rapido)	  

	  Mauro’s	  exp	  	  #	  
events	  	  

Obs	  #	  	  
events/day/nA	  

RaDo	  	  exp./obs.	  

Luciano	   Mauro	  

Si	  +TPC	  	  double	  
coinc.	  

N/A	   48	  x	  103	  
	  

35	  x	  103	   [6.8±2.4]	  x	  103	  
	  

7.0±2.5	   5.2±1.8	  

Si	  +	  TPC	  triple	  
coinc.	  

195	  	   407	   390	   30	  ±	  8	   14	  ±	  4	  
	  

13	  ±	  4	  
	  

Si	  +	  PMT	  triple	  
coinc.	  

195	   407	   390	   8.5	  ±	  3.5	   48	  ±	  20	   46	  ±	  19	  
	  

Mauro:	  3.4	  (n/s)*0.12	  (TPC)*secperday	  =	  35.2x103	  ;	  4.5E-‐3*secperday=	  388.8	  
Luciano:	  0.55	  (n/s)*secday	  =	  47.5x103	  ;	  5.3e-‐3	  n/s*	  8/9	  *	  secperday	  =	  407.0	  	  



September	  runs	  rate	  summary	  

#ev.	   Rate	  	  
[Hz]	  

LiC	  Rate	  
[Hz]	  (nA)	  

Rate	  [mHz/nA]	  
@	  200	  ug/cm2	  

Rate	  in	  July	  [mHz/
nA]	  @	  200	  ug/cm2	  

Michael	  
MC	  (70	  
mbar/
sr)*	  	  
	  

Data	   MC/
Data	  

Data	   MC/
Data	  

Si+TPC	   5543	   0.222	   0.811	  (5.1)	   32.0	   11.1	   64±23	   5.5±2.0	   355	  

Si+TPC
+PMT1-‐8	  

26.25	   4.7E-‐3	   0.811	  (5.1)	   0.15	   30	   0.23±0.08	   20±7	   4.6	  

Low	  E	  Be	  
blob	  	  
(run	  715)	  

45493	   1.37(	  8.7)	   1.2	  Hz	   2.2	   1.6±0.5	  Hz	  
	  

1.6±0.5	   2.6	  Hz	  

NoDce	  that	  from	  e-‐log	  #93	  Be-‐low:	  5.0	  Hz/nA	  (@	  200	  ug/cm2)	  
	  
SelecDon	  (hence	  efficiency	  &	  background)	  different?	  	  
	  
*	  MC	  numbers	  corrected	  by	  the	  factor	  1.72/2.09	  wrong	  normalizaDon	  



Detector	  efficiency	  
•  Maximo’s	  study	  also	  

suggest	  a	  lower	  than	  
expected	  Lsci	  efficiency	  

•  Need	  to	  inves=gate	  beqer	  
and	  check	  what	  we	  knew	  
already	  

•  No=ce	  that	  some	  of	  the	  
observa=ons	  might	  be	  
explained	  also	  in	  terms	  of	  
beam/detector	  
misplacement	  

ReD	  -‐	  Mee=ng	  	  19-‐20/12/18	   35	  

Y [cm] (Positive is left)
10− 0 10

Z 
[c

m
] (

Po
si

tiv
e 

is
 u

p 
 )

15−

10−

5−

0

5

10

15

1−10

1

10

Inv. Collimator
PMT0 182.0 cm away from Target

=0.20 [deg]Beamδ28 MeV  

PMT0 Vertical Displacement [cm]
10− 0 10

PM
T0

 e
ffi

ci
en

cy

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1
Y =0.0 [cm]
Y =-2.0 [cm]
Y =2.0 [cm]

Y =0.0 [cm]
Y =-2.0 [cm]
Y =2.0 [cm]

Data norm. to run 715 x2.5

LSci eff (MC)= 0.25   
Be= 3.6/3.6 (MC)  3.0 (Data) [Hz/nA]7

Figure 14: Left panel: the neutron beam profile 32 cm after the TPC for a beam divergence of 0.2

�
. The red circles

correspond to the PMT0 vertical scan aimed positions. The green and blue circles correspond to a vertical scan that

had a Y o↵set of ±2 cm due to missplacement. The right panel shows the PMT0 e�ciency as a function of Z for MC

and data. Solid and dashed lines correspond to a beam divergence of 0.2/0.1

�
. Color coding is as in the left panel.
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Figure 15: Same as Fig. 14 but for the horizontal scan, see text for more details
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News	  on	  neutron-‐gun	  data	  

M.R.	  14/12/2017	  
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First	  Neutrons	  from	  DD	  gun	  	  
	  run	  78(gun	  on)	  vs	  run	  79(gun	  off)	  	  

N
eutrons	  	  	  	  	  	  	  	  Gam

m
as	  

ReD	  -‐	  Mee=ng	  	  19-‐20/12/18	   37	  



The	  first	  “good”	  neutron	  in	  
coincidence	  
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Neutron	  Spectrum	  (with	  PSD>0.17)	  

LargeIntegralNeu
Entries  32993
Mean     1131
Std Dev     775.2
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charge[7]*0.00976563 {f90[7]>0.17 && charge[7]>2000}

pC	  

γ/β 
leakage	  

Neutron	  recoil	  spectra:	  flat	  
with	  endpoint	  at	  ~2.5	  MeV)	  
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Neutron	  gun	  rate	  
•  Run	  85:	  359	  s	  	  	  Trigger	  on	  Lsci	  detector	  only	  

•  Rate	  (dominated	  by	  5”)	  of	  426	  Hz	  and	  no	  dead=me	  ,	  3”	  	  
recorded	  414	  good	  neutrons	  with	  PSD>0.17	  

•  According	  to	  Mauro’s	  metrology	  the	  3”	  covered	  4E-‐3	  sr,	  	  	  
0.03%	  of	  the	  solid	  angle	  

•  Neutron	  rate	  above	  trigger	  threshold	  (around	  100	  pC):	  
3700	  n/s	  ,	  to	  be	  compared	  to	  es=mated	  neutron	  gun	  rate	  
of	  9.5x10^3	  n/s	  	  à	  efficiency	  	  3700/9500	  =	  38%	  	  (with	  large	  
uncertain=es)	  
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Neutron	  eff.	  From	  Stevanato	  et	  al.	  
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compared. It is clear that lower light outputs at a given neutron
kinetic energy result in response functions, which are lower in
energy.

5. Neutron efficiency

Neutron events from a 252Cf source, identified in the pulse
shape discrimination 2-D plot, were sorted as a function of the
time-of-flight in order to obtain the neutron yield as a function of
energy Y¼Y(E). The relative neutron efficiency curve ε¼ε(E) was

then obtained dividing the experimental distribution Y¼Y(E) by
the spectrum of 252Cf from Cub et al. (1989). This procedure was
repeated for different energy thresholds Eth¼0.1, 0.2, 0.3 and
0.4 MeVee (i.e. in MeV electron equivalent).

An absolute efficiency value was obtained from a measurement
in which data were acquired by triggering on the fast plastic
scintillator used to tag the 252Cf source. The number of counts
registered by the plastic scintillator provided an estimate of the
number of fission events. A suitable low energy threshold of
Eth¼0.2 MeVee was used in the plastic in order to remove the
signals resulting from isomeric states of the fission products. The
neutron events in coincidence with the plastic were then used to

Fig. 5. Experimental neutron efficiency for the four different energy thresholds Eth¼0.1, 0.2, 0.3 and 0.4 MeVee (MeV electron equivalent) compared with predictions of
Monte Carlo calculations.

Fig. 6. Comparison between experimental and simulated (MCNPX) neutron effi-
ciency using different light output functions. The low energy threshold is
0.2 MeVee (MeV electron equivalent). For details see the text.

Fig. 7. Gamma-ray efficiency of the EJ-309 detector. The experimental points
corresponding to the 662 keV gamma line of the 137Cs source are given.

F. Pino et al. / Applied Radiation and Isotopes 89 (2014) 79–8482

Note:	  this	  is	  3”	  
EJ309	  detector	  
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2. Experimental setup

In this work we studied a right-cylinder (51 mm diameter,
51 mm thick) cell, filled with EJ-309 liquid scintillator. The cell was
coupled through an EJ-560 optical silicon rubber interface to a
H8500 HAMAMATSU flat panel photomultiplier (PMT). The detec-
tor's technical characteristics and its performance are fully
described in Cester et al. (2013). The detector assembly was placed
at a distance of about 2 m from a 106 fissions/s 252Cf source tagged
by a 51 mm diameter, 51 mm thick plastic EJ-228 detector coupled
to a PHOTONIS XP2020 photomultiplier. This fast plastic detector
was positioned very close (approximately 10 mm) to the emission
point to detect the burst of neutrons and gamma-rays emitted
during each fission event. The front-end electronics used in this
work was composed of CAEN VME modules: a V6533 Program-
mable HV Power Supply (6 Ch., 4 kV, 3 mA, 9 W), a Digitizer
4 Channel 10 bit 1 GS/s working in a coincidence mode, and a
Bridge USB V1718 connected to a PC with a data acquisition
software. The pulse height and the neutron-gamma pulse shape
discrimination parameter (PSD) were obtained online by means of
a digital pulse processing technique, and the time-of-flight was
determined for each event offline employing a digital constant
fraction discriminator technique. Details of the pulse processing
procedure are given in Stevanato et al. (2012) and Cester et al.
(2013).

A sample of time-of-flight spectrum measured with the afore-
mentioned setup is illustrated in Fig. 1, showing the gamma-ray
peak and the distribution of fission neutrons. The effect of
performing the gamma-ray suppression by PSD is also shown,
illustrating the complete disappearance of the gamma-ray peak
and a significant reduction in the uncorrelated timing background.
The overall timing resolution obtained with the 252Cf source is δt¼
0.850 ns (FWHM), measured from the gamma-ray peak when the
low energy threshold of the digital constant fraction discriminator
is set at Eth ¼200 keVee (i.e. in keV electron equivalent) for EJ-309.

Detector energy calibration, which is for the correct determina-
tion of the light output function, was performed using a 22Na
gamma-ray source following the procedure detailed in Stevanato
et al. (2011). Calibration spectra were recorded continuously
during the measurements. The linearity of the setup energy
response (scintillation detector and DAQ) has been tested in the
energy window from 59.6 keV (241Am) up to 4.4 MeV gamma-ray
produced by an Am/Be source. As a test of the calibration
procedure, Fig. 2 shows a comparison between the calibrated

energy, obtained by using the 22Na transitions, and the nominal
energy for the 241Am, 137Cs, 60Co (only the 1.17 MeV transition is
reported) and 4.4 MeV from the Am/Be source. It is worth noting
that nominal Compton edge values include the energy shift due to
the finite resolution of the detection system (see Stevanato et al.
(2011) for details). The full-energy peak is detected for the
59.6 keV transition of 241Am.

3. Monte Carlo simulations

Several Monte Carlo simulations were performed using
GEANT4 (Agostinelli et al., 2003; Allison et al., 2006), MCNPX
(version 2.7) (Pelowitz, 2011) and PENELOPE (Salvat et al., 2001)
codes with the aim of comparing the measured neutron and
gamma efficiencies to the simulated results, and verifying the role
of the light output function in the energy range upto 7 MeV.
Monte Carlo simulations offer an important tool in the design of
detection system and it is therefore interesting to assess the
capability of such calculation by benchmarking with experimental
results.

GEANT4 offers access to particle tracking (position/time of the
particle, kinetic energy, deposited energy, etc.), by means of its
G4Track.hh which is used to determine the kinetic energy of the
recoil protons. Each neutron history in MCNPX is followed by
several charged particles (recoil protons, carbon ions, etc.) that
may either fully deposit their energy or undertake partial energy

Fig. 1. Sample of the time-of-flight spectrum measured in this work. The upper
(lower) curve refers to the data without (with) gamma-ray rejection by PSD.
The low energy threshold in the EJ-309 detector is Eth¼200 keVee (keV electron
equivalent).

Fig. 2. Calibrated versus nominal energy. The crosses mark the 22Na Compton
edges used to obtain the calibration, whereas the (þ) markers indicate the
Compton edge positions of the other sources (137Cs, 60Co (1.17 MeV) and Am/Be)
and the full-energy peak position of the 241Am.

Fig. 3. Light output of our 51 mm#51 mm EJ-309 detector compared with data
from Takada et al. (2011) and Enqvist et al. (2013) relative to 127 mm#
127 mm cells.

F. Pino et al. / Applied Radiation and Isotopes 89 (2014) 79–8480



deposition and escape from the sensitive volume of the scintillator.
The light produced through the interaction of these charged
particles was related to their kinetic energy via an appropriate
light output formula. A total of 105 neutron histories were
simulated; this represents an excellent compromise having good
statistics in the determination of neutron efficiency and keeping
the data handling time manageable. In the PENELOPE code a
mixed procedure is used for the simulation of electron and
positron interactions (elastic scattering, inelastic scattering and
bremsstrahlung emission), in which events with deflection angle
and/or energy loss larger than pre-selected cutoffs are fully
simulated and the other interactions are calculated from multiple
scattering approach. Photon interactions (Rayleigh scattering,
Compton scattering, photoelectric effect and electron-positron
pair production) and positron annihilation are also fully
reconstructed.

A sufficient number of particles (105 for MCNPX and 107 for
GEANT4 and PENELOPE) were tracked so that statistical uncer-
tainty associated with the simulation reported in the next section
is negligible, being lower than 1%.

4. Light output determination

A new light output function of EJ-309 was obtained using the
method proposed by Kornilov et al. (2009). Analyzing the neutron
fission spectrum of a 252Cf source, the pulse height distributions
corresponding to different neutron energies were obtained by
discriminating gamma-ray events by a proper windowing in the
PSD scatter plot and then setting a 2-ns time windows on the
measured time-of-flight. The uncertainty on the neutron energy
reconstructed from the measured time-of-flight is discussed in
detail by Kornilov et al. (2009) and depends on the uncertainty in
flight path, on the neutron energy, and on the time resolution.
Taking into account these effects, typical uncertainties in our study
are approximately 27 keV at the neutron kinetic energy of 1.0 MeV
and 300 keV at 8.2 MeV.

The first minimum in the derivative function is associated with
multiple scattering events, whereas the second one at higher

energy correlates with the maximum proton recoil distribution,
corresponding to the average neutron kinetic energy in the time of
flight window. The second minimum of the derivative function
was fitted with a Gaussian distribution to determine its position.

The light output neutron energy correlation was derived in the
energy range 0.54–8.2 MeV for neutrons. The light output of
EJ-309 as a function of the proton recoil energy is presented in
Fig. 3. Uncertainties associated with this procedure are discussed
in details in Stevanato et al. (2011). The uncertainty in the light
output associated with each time-of-flight bin reflects also the
quality of the Gaussian fit of the second minimum, resulting in
sizeable variations of the overall uncertainty, as evident in Fig. 3.

A fit to the experimental data is also reported according to the
expression

LðEpÞ ¼ AEp$B ð1$e$CEDp Þ ð1Þ

where the light L(Ep) is given in electron equivalent units, Ep is the
proton energy and A,B,C,D are fitted parameters.

The relevant parameters of the light output curves determined
by Enqvist et al. (2013) and Takada et al. (2011) for EJ-309 are
compared to our determination in Table 1. Moreover the Takada
et al. (2011) light output curve and the one from Enqvist et al.
(2013) relative to the same detector geometry are also reported in
Fig. 3 together with our light function. The experimental data from
Enqvist et al. (2013) extend to 6 MeV and extrapolation is given
from 6 to 8 MeV in Fig. 3. It is worth noting that the other light
output functions determined by Enqvist et al. (2013) and relative
to smaller detectors, not reported in Fig. 3, are characterized by
larger light outputs in the energy range 2–6 MeV, and therefore
exhibit larger deviations with respect to our determination.

Light output functions from previous studies exhibit two
important features: (i) a strong dependence on the size of the
scintillation cells characterize the data on light yield from Enqvist
et al. (2013) and (ii) even for detectors of identical size (i.e.
127 mm%127 mm), the two data sets show a rather large differ-
ence. It is found that our results are generally closer to the data
from Takada et al. (2011), in particular for energies greater than
4 MeV, for which large discrepancies with Enqvist et al. (2013) are
found. Moreover, at low proton energies up to about 3 MeV, some
differences are still present between our data and both light
outputs previously reported, as clearly shown in the inset of Fig. 3.

The effects of the difference in the light output, once the
functions are folded in the Monte Carlo simulation, are illustrated
in Fig. 4 where MCNPX response functions for 2 MeV neutrons are

Table 1
Fitted parameters of the light output curves from this work as compared with Takada et al. (2011) and Enqvist et al. (2013). The size of the liquid scintillator cells is also
reported.

Reference and detector size (mm%mm) A (MeVee/MeV) B (MeVee) C (MeV-1) D

This work 51%51 0.6270.03 1.370.3 0.3970.08 0.9770.04
Takada et al. (2011) 127%127 0.646 1.479 0.393 1
Enqvist et al. (2013) 127%127 0.748 2.41 0.298 1
Enqvist et al. (2013) 76%76 0.817 2.63 0.297 1
Enqvist et al. (2013) 76%51 1.103 5.155 0.207 1

Fig. 4. Detector response for 2 MeV neutrons extracted from the MCNPX simula-
tions with the three different light outputs of Fig. 3.

Table 2
Measured and predicted efficiency values for the 252Cf fission neutrons.

Energy
threshold
(MeVee)

Measured
efficiency(%)

Calculated efficiency
GEANT4 (%)

Calculated
efficiency MCNPX
(%)

Eth¼0.1 33.071.6 34.9 33.1
Eth¼0.2 22.071.1 22.8 21.9

F. Pino et al. / Applied Radiation and Isotopes 89 (2014) 79–84 81
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deposition and escape from the sensitive volume of the scintillator.
The light produced through the interaction of these charged
particles was related to their kinetic energy via an appropriate
light output formula. A total of 105 neutron histories were
simulated; this represents an excellent compromise having good
statistics in the determination of neutron efficiency and keeping
the data handling time manageable. In the PENELOPE code a
mixed procedure is used for the simulation of electron and
positron interactions (elastic scattering, inelastic scattering and
bremsstrahlung emission), in which events with deflection angle
and/or energy loss larger than pre-selected cutoffs are fully
simulated and the other interactions are calculated from multiple
scattering approach. Photon interactions (Rayleigh scattering,
Compton scattering, photoelectric effect and electron-positron
pair production) and positron annihilation are also fully
reconstructed.

A sufficient number of particles (105 for MCNPX and 107 for
GEANT4 and PENELOPE) were tracked so that statistical uncer-
tainty associated with the simulation reported in the next section
is negligible, being lower than 1%.

4. Light output determination

A new light output function of EJ-309 was obtained using the
method proposed by Kornilov et al. (2009). Analyzing the neutron
fission spectrum of a 252Cf source, the pulse height distributions
corresponding to different neutron energies were obtained by
discriminating gamma-ray events by a proper windowing in the
PSD scatter plot and then setting a 2-ns time windows on the
measured time-of-flight. The uncertainty on the neutron energy
reconstructed from the measured time-of-flight is discussed in
detail by Kornilov et al. (2009) and depends on the uncertainty in
flight path, on the neutron energy, and on the time resolution.
Taking into account these effects, typical uncertainties in our study
are approximately 27 keV at the neutron kinetic energy of 1.0 MeV
and 300 keV at 8.2 MeV.

The first minimum in the derivative function is associated with
multiple scattering events, whereas the second one at higher

energy correlates with the maximum proton recoil distribution,
corresponding to the average neutron kinetic energy in the time of
flight window. The second minimum of the derivative function
was fitted with a Gaussian distribution to determine its position.

The light output neutron energy correlation was derived in the
energy range 0.54–8.2 MeV for neutrons. The light output of
EJ-309 as a function of the proton recoil energy is presented in
Fig. 3. Uncertainties associated with this procedure are discussed
in details in Stevanato et al. (2011). The uncertainty in the light
output associated with each time-of-flight bin reflects also the
quality of the Gaussian fit of the second minimum, resulting in
sizeable variations of the overall uncertainty, as evident in Fig. 3.

A fit to the experimental data is also reported according to the
expression

LðEpÞ ¼ AEp$B ð1$e$CEDp Þ ð1Þ

where the light L(Ep) is given in electron equivalent units, Ep is the
proton energy and A,B,C,D are fitted parameters.

The relevant parameters of the light output curves determined
by Enqvist et al. (2013) and Takada et al. (2011) for EJ-309 are
compared to our determination in Table 1. Moreover the Takada
et al. (2011) light output curve and the one from Enqvist et al.
(2013) relative to the same detector geometry are also reported in
Fig. 3 together with our light function. The experimental data from
Enqvist et al. (2013) extend to 6 MeV and extrapolation is given
from 6 to 8 MeV in Fig. 3. It is worth noting that the other light
output functions determined by Enqvist et al. (2013) and relative
to smaller detectors, not reported in Fig. 3, are characterized by
larger light outputs in the energy range 2–6 MeV, and therefore
exhibit larger deviations with respect to our determination.

Light output functions from previous studies exhibit two
important features: (i) a strong dependence on the size of the
scintillation cells characterize the data on light yield from Enqvist
et al. (2013) and (ii) even for detectors of identical size (i.e.
127 mm%127 mm), the two data sets show a rather large differ-
ence. It is found that our results are generally closer to the data
from Takada et al. (2011), in particular for energies greater than
4 MeV, for which large discrepancies with Enqvist et al. (2013) are
found. Moreover, at low proton energies up to about 3 MeV, some
differences are still present between our data and both light
outputs previously reported, as clearly shown in the inset of Fig. 3.

The effects of the difference in the light output, once the
functions are folded in the Monte Carlo simulation, are illustrated
in Fig. 4 where MCNPX response functions for 2 MeV neutrons are

Table 1
Fitted parameters of the light output curves from this work as compared with Takada et al. (2011) and Enqvist et al. (2013). The size of the liquid scintillator cells is also
reported.

Reference and detector size (mm%mm) A (MeVee/MeV) B (MeVee) C (MeV-1) D

This work 51%51 0.6270.03 1.370.3 0.3970.08 0.9770.04
Takada et al. (2011) 127%127 0.646 1.479 0.393 1
Enqvist et al. (2013) 127%127 0.748 2.41 0.298 1
Enqvist et al. (2013) 76%76 0.817 2.63 0.297 1
Enqvist et al. (2013) 76%51 1.103 5.155 0.207 1

Fig. 4. Detector response for 2 MeV neutrons extracted from the MCNPX simula-
tions with the three different light outputs of Fig. 3.

Table 2
Measured and predicted efficiency values for the 252Cf fission neutrons.

Energy
threshold
(MeVee)

Measured
efficiency(%)

Calculated efficiency
GEANT4 (%)

Calculated
efficiency MCNPX
(%)

Eth¼0.1 33.071.6 34.9 33.1
Eth¼0.2 22.071.1 22.8 21.9
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The light produced through the interaction of these charged
particles was related to their kinetic energy via an appropriate
light output formula. A total of 105 neutron histories were
simulated; this represents an excellent compromise having good
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tainty associated with the simulation reported in the next section
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corresponding to different neutron energies were obtained by
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reconstructed from the measured time-of-flight is discussed in
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Taking into account these effects, typical uncertainties in our study
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and 300 keV at 8.2 MeV.

The first minimum in the derivative function is associated with
multiple scattering events, whereas the second one at higher

energy correlates with the maximum proton recoil distribution,
corresponding to the average neutron kinetic energy in the time of
flight window. The second minimum of the derivative function
was fitted with a Gaussian distribution to determine its position.

The light output neutron energy correlation was derived in the
energy range 0.54–8.2 MeV for neutrons. The light output of
EJ-309 as a function of the proton recoil energy is presented in
Fig. 3. Uncertainties associated with this procedure are discussed
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output associated with each time-of-flight bin reflects also the
quality of the Gaussian fit of the second minimum, resulting in
sizeable variations of the overall uncertainty, as evident in Fig. 3.

A fit to the experimental data is also reported according to the
expression
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where the light L(Ep) is given in electron equivalent units, Ep is the
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to smaller detectors, not reported in Fig. 3, are characterized by
larger light outputs in the energy range 2–6 MeV, and therefore
exhibit larger deviations with respect to our determination.

Light output functions from previous studies exhibit two
important features: (i) a strong dependence on the size of the
scintillation cells characterize the data on light yield from Enqvist
et al. (2013) and (ii) even for detectors of identical size (i.e.
127 mm%127 mm), the two data sets show a rather large differ-
ence. It is found that our results are generally closer to the data
from Takada et al. (2011), in particular for energies greater than
4 MeV, for which large discrepancies with Enqvist et al. (2013) are
found. Moreover, at low proton energies up to about 3 MeV, some
differences are still present between our data and both light
outputs previously reported, as clearly shown in the inset of Fig. 3.

The effects of the difference in the light output, once the
functions are folded in the Monte Carlo simulation, are illustrated
in Fig. 4 where MCNPX response functions for 2 MeV neutrons are
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Missing	  Clustering	  in	  Lsci	  reco	  
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Efficiency	  –	  to	  do	  
•  In	  contact	  with	  Stevanato,	  try	  to	  get	  code/help	  from	  this	  

group	  from	  PD	  
•  Implement	  in	  MC	  different	  realis=c	  EJ309	  light	  curves	  

(preqy	  much	  impac=ng	  the	  efficiency	  around	  threshold)	  to	  
get	  an	  updated	  MC	  efficiency	  with	  uncertain=es	  

•  Implement	  Lsci	  clustering	  
•  Can	  organize	  a	  DD	  gun	  test	  run	  in	  Naples	  

–  Require	  MC	  and	  tagging	  He3	  to	  have	  a	  solid	  number	  
–  A	  louzy	  number	  can	  be	  obtained	  using	  the	  He3	  detector	  from	  
“esper=	  qualifica=”	  	  (s=ll	  a	  MC	  would	  be	  useful)	  

•  AmBe,	  Cf252	  are	  other	  op=ons	  (s=ll	  MC	  required)	  maybe	  
more	  appropriate	  at	  LNS?	  
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Conclusions	  

•  Performance	  in	  =ming	  and	  noise/threshold	  
~OK	  

•  PSD	  capability	  proven,	  useful	  for	  LowEnergy,	  
to	  be	  further	  op=mized	  

•  Efficiency	  under	  discussion	  à	  most	  important	  
item	  to	  address	  	  

•  Opera=onally	  we	  need	  to	  include	  more	  
regular	  calibra=on	  and	  SER	  determina=on	  
runs	  to	  improve	  trigger/efficiency	  stability	  
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DAQ	  
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•  [rescigno@ui-‐01	  ~]$	  ls	  -‐lh	  rawdata/lns/run_526/
run_526_b00_2018_07_12_01_54_49	  

•  -‐rwxrwxr-‐x	  1	  sanfilippo	  darkside	  115M	  Jul	  12	  01:56	  rawdata/lns/
run_526/run_526_b00_2018_07_12_01_54_49	  

•  [rescigno@ui-‐01	  ~]$	  gzip	  -‐c	  rawdata/lns/run_526/
run_526_b00_2018_07_12_01_54_49	  >test_00.gz	  	  

•  [rescigno@ui-‐01	  ~]$	  ls	  -‐lh	  test_00.gz	  
•  -‐rw-‐r-‐-‐r-‐-‐	  1	  rescigno	  darkside	  38M	  Dec	  18	  13:36	  test_00.gz	  
•  [rescigno@ui-‐01	  ~]$	  ls	  -‐lh	  rawdata/lns/run_526/

run_526_b01_2018_07_12_02_12_46	  
•  -‐rwxrwxr-‐x	  1	  sanfilippo	  darkside	  144M	  Jul	  12	  02:14	  rawdata/lns/

run_526/run_526_b01_2018_07_12_02_12_46	  
•  [rescigno@ui-‐01	  ~]$	  ls	  -‐lh	  test.gz	  	  
•  -‐rw-‐r-‐-‐r-‐-‐	  1	  rescigno	  darkside	  54M	  Dec	  18	  13:33	  test.gz	  
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Rate	  conversion	  
•  Dose	  rate	  calcualDons	  for	  un-‐shielded	  generator	  at	  1	  meter	  distance,	  full	  

output	  intensity:	  a.	  Neutron	  dose:	  	  
•  value:	  1.1	  10-‐7	  Sv/hr	  (1.110-‐2	  mRem/hr	  )	  	  
•  calculaDon:	  	  
•  Neutron	  produc=on	  rate:	  1x104	  neutrons/sec	  isotropically	  emiqed	  from	  

generator	  head	  
Neutron	  flux	  at	  1	  meter,	  no	  shielding;	  1x104	  n/(4π(100	  cm)2)	  =	  0.08	  n/
cm2sec	  
2.45	  MeV	  Neutron	  flux-‐to-‐dose	  conversion	  factor:	  4.0	  x	  10-‐10	  Sv	  cm2	  
(Rad.	  Prot.	  Dosim.	  5,	  45	  (1983))	  Neutron	  dose	  rate	  at	  1	  meter,	  no	  
shielding	  	  

•  =	  (.08	  n/cm2sec)	  x	  (3600	  sec/hr)	  x	  (	  4.0	  x	  10-‐10	  Sv	  cm2)	  =	  1.1	  10-‐7	  Sv/hr	  
(1.110-‐2	  mRem/hr	  )	  	  

•  In	  our	  case	  2.8	  E-‐6	  Sv/hr	  	  /	  3600	  s/hr	  /	  4.0	  x	  10-‐10	  Sv	  cm2	  =	  1.9	  n/cm2/s	  	  
•  Detector	  at	  20	  cm	  ?	  4pi	  *20*20	  =	  5000	  cm2	  	  à	  1.9*5E3=	  9.5E3	  n/s	  
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