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A little history…
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UNDER became 
CYGNO in 

Summer 2018
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PRIN 2017
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LIME and PRIN2017 fundings
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Lens + sCMOS Orca Fusion
Highly performing Teledyne Oscilloscope
55Fe calibration source
Compressor, air purificator, oxygen/
moisture filters
About 30k of gases
Vacuum pump
Water shielding
Cu cutting for gamma shielding
Total of ±140k EUROs invested on LIME 
from PRIN2017
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ERC COG 2018
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At the 36 months ERC report, given the status of the project and what discussed so far at that 
time within the CYGNO collaboration (see also initial Flaminia’s thesis goal), a preliminary 

neutron flux measurement was promised with LIME
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Natural neutron backgound
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From 2017 slides…
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Current knowledge of LNGS undergound neutron flux
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BF3 3He

Liquid 
scintillator

ULUL

3HeFast neutrons
BF3 3He 3He3He

Thermal neutrons

[1] Bellotti 1985
[2] Belli 1989 
[3] Debicki 2009
[4] Best 2015 
[5] Aleksan 1989 
[6] Arneodo 1999 
[7] Cribier 1995
[8] Rindi 1988

Z. Debicki et al., 
Nucl.Phys.Proc.Sup

pl. 196 429-432 

Very poor knowledge 
of actual neutron 
spectrum shape

Fast and thermal neutron measurements varying widely Fast neutron flux measurement more than 20 years old

From 2017 slides…
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3.54 
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n/year/g 
rock

concrete

NEUTRON BACKGROUND HIGHLY 
DEPENDENT ON CONCRETE WATER 

CONTENT!!! 

LNGS Hall A, Hall B and Hall C

..something that can change over a year…

The flux is dominated by neutrons 
produced in the concrete layer and 
therefore does not vary much from 

hall to hall

At higher energies, the contribution 
of (alpha,n) reaction becomes larger 

introducing the difference

Wulandari et. al., 

Astropart.Phys. 22 (2004) 

313-322
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From 2017 slides…
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3He  and BF3 measurements


Thermal neutron through capture: a peak 
over a large background of internal 
radioactivity (alphas mainly), to be 
estimated and subtracted to obtain the 
final result


NOTE that several other laboratories felt the 
need to perform 3He measurements with low-
radioactivity background detectors


Fast neutron (Belli, Bellotti): only through 
Cadmium and Polyethylene moderators, 
complicating detector efficiency and 
introducing additional uncertainty on 
yield and energy range

Comments on 3He and BF3 counters technique 
results
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Fast neutron measurement through 
counters is not a direct measurement!

From 2017 slides…
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Proton recoil technique is similar to nuclear 
recoil


>1 MeV energy threshold due to the need 
for PSD ER/NR discrimination


Large contamination of alphas from 
internal radioactivity


For this reasons, pure p recoils spectrum 
CAN NOT BE USED


Scintillators surrounded by Cd foils: 
neutrons thermalised and detected in 
coincidence with photons (detected as 
ERs) from capture on Cd (e+p sample)


Energy calibration with internal alpha 
particles but had to estimate the 
contaminants from simulation (unable to 
resolve alpha lines)


All of these significantly complicates and 
introduces large uncertainties the 
unfolding of the actual neutron spectrum


Comments on proton recoil technique results
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From 2017 slides…
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An harder neutron spectrum requires LESS neutron shielding

11

130k EUROs for CYGNO-04 
40 cm H2O neutron shielding

17 Ton of Gadolinium for LZ neutron 
shielding

40 cm AAr + 10 cm Gd + 40 cm AAr from 
MC simulation for DarkSide20k

75 cm H2O neutron shielding for 
1000 m3 CYGNUS detector

Neutron shielding is optimised starting from knowledge of neutron flux 
spectrum as from before
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What do we know from 
Flamina’s thesis
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Events in LIME
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External backgrounds

About 32 signal events/month above 20 keV
About 200 signal events in 6 months > 20 keV

Internal backgrounds

ER background to be rejected with PID
Internal NR to be reject with fiducialization
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External backgrounds
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Events from external backgrounds
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ER backgrounds rejection and NR identification in AmBe data
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Full background discrimination 
qith 100% signal efficiency (from 

MC simulation) achieved on AmBe 
data at ± 30 keV
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ER rejection with ML
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External Internal Total 
[106 counts/year]

± 2
± 2
± 5

Total 
[106 counts/year/keV]

Pessimistic

± 0.1
± 0.07

± 0.002

assuming flat spectrum…

104 rejection/keV @ 20 keV
likely 105 rejection/keV @ 25 keV

Background free sample appears 
achievable at >20-25 keV
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Internal NR background
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Mainly alphas

cathode field cage resistors GEMs total

Worse case (other materials “contain” better NRs)

“Fair” fiducialisation could be enough to reject these
i.e. need to know only if close to GEM or cathode
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Unfolding technique
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Detector response simulation exists


Preliminary unfolding algorithm developed 
by Flaminia


Will test the algortihm with different input 
spectra/input statistic to assess the 
capability of precision of the measurement 
as a function of exposure


An AmBe calibration in Run5 would be paramount, 
and possibly sooner than later in order to have 

time to throughly analyse it during Run5



E. Baracchini - Motivation and prospects for underground neutron flux measurement with LIME

How much can we trust detector response simulation?
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Standard LIME 
operating 
configuration (i.e. 
high gain)


Study to be repeated 
on low gain 
(everything ready, 
possibly need to 
increase MC 
statistics)


ER data (in red) 
compared to ER 
simulated (in blue)


16 different shape 
variables


Pretty satisfactory 
agreement


NOTE: 440 V with 800 V/cm LIME simulation
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How much can we trust detector response simulation?
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Standard LIME 
operating configuration 
(i.e. high gain)


In order to repeat this 
comparison for low 
gain, AmBe calibration 
needed


NR data (in red) 
compared to NR 
simulated (in blue)


16 different shape 
variables


Fair agreement: 
mismatch likely due to 
saturation, which was 
never optimised for NR 
recoils


Agreement should 
improve for low gain 
data

NOTE: 440 V with 800 V/cm LIME simulation


