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LIME: Large Imaging module 
50 litres sensitive volume: 

- 33 x 33 ~ 1000 cm2 GEM surfce; 

- 50 cm drift pth;

Acrylic gas vessel

A 50 l Cygno prototype overground characterization 

Eur.Phys.J.C 83 (2023) 10, 946
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https://inspirehep.net/literature/2658397
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• It is  50 L TPC with: 

• Gs Mixture: He:CF4 (60:40)  

• 3 stcked Gs Electron Multipliers 
(GEMs) for the mplifiction stge. 

• 1 APS (CMOS) cmer to cquire 
photons produced during the GEM 
stge. 

• 4 PMTs to obtin informtion bout the 
ionistion electrons time of rrivl.
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LIME: Large Imaging module 
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Data taking setup

4

▸ The detector was shielded in a 10 cm thick copper box in the Gran Sasso 
underground labs; 

▸ A 50 cm thick polietilene wall was placed to screen the external part of the lab
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Data taking setup
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▸ Two different periods used:

▸ 47.9 h (172440 sec) with AmBe 

▸ 226.9 h (816840 sec) without AmBe 
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Data taking setup

▸ Most of neutrons produced in the MeV range 

▸ Detailed MC under development 

▸ We expect NR with hundreds of keV energies
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▸ From previous tests we expect NR to 
produce very “dense” tracks with large 
losses per unit area (i.e. lot of light per pixel) 

▸ We defined a variable  that indicates the ratio between the total light and the area 
of each reconstructed cluster

δ
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AmBe excess selection
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δ = energy/(# hit pixels)
With AmBe No AmBe = Bkg

Energy clibrted on 55Fe [keV]

Disclaimer: because of the “gain saturation”, NR scale still to be evaluated 

Energy clibrted on 55Fe [keV]
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AmBe excess selection
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With AmBe 

event rte = 8.0 x 10-3 Hz

No AmBe  

event rte = 0.5 x 10-3Hz

ER se ER se

Disclaimer: because of the “gain saturation”, NR scale still to be evaluated 
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AmBe excess selection (zoom)
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With AmBe 

event rte = 8.0 x 10-3 Hz

No AmBe  

event rte = 0.5 x 10-3Hz

ER se ER se

Disclaimer: because of the “gain saturation”, NR scale still to be evaluated 
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AmBe excess selection
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Energy clibrted on 55Fe [keV]
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Because of the saturation, alpha energies 
appear 6-10 times lower the the real ones

Energy clibrted on 55Fe [keV]

Most of NR selected in this analysis are expected 
to have an energy of few hundreds of keV

Simulation needed to properly evaluate these values

preliminary 
(courtesy of D. Marques GSSI)
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AmBe excess selection - Some samples
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With AmBe
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Map of AmBe Nuclear Recoils
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AmBe
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Directionality evaluation
• Principl Component Anlysis (PCA) with 2 

prmeters on the most intense prt of the clusters to 
extrct the clusters’ xes. 

• Use lwys the biggest eigenvector to compute the 
ngle with respect to the  direction. 

• A better lgorithm ws developed for ER nd should 
be used on NR to tke into ccount possible lterl 
strggling 

• Impose the hed-til, since we know this excess 
comes from the AmBe source. 

• Do the sme on the Bckground dtset nd 
compre to see if there re differences.

̂x
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Directionality evaluation - AmBe vs. Bkg

The presence of AmBe source produces n excess of Nucler Recoil cndidtes;  

A simple 2nd order polynomil fit shows tht bckground is comptible with flt 
distribution while the presence of AmBe produces  peked distribution;
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2nd order 
polynomil fit

No AmBe = BkgNo AmBe = Bkg

With AmBe

With AmBe
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Monte Carlo validation
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LAB frme

To evlute the expected 1D ngle 
distribution for NR induced by the neutron 
scttering,  simple kinemtic MC ws 
developed 

• Model the interction s  simple elstic 
scttering.  

• Simulte nucler recoil inside the 
detector frme.  

• Project the ngle on the GEM plne nd 
compre with the observed distribution. 

• Add n experimentl resolution on the 
ngle reconstruction 

θW = arctan
sin γ

1 + cos γ

CDM frme

sin γ =
b

r + R
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Monte Carlo validation
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θW = arctan
sin γ

1 + cos γ

sin γ =
b

r + R

The scttering ngle in the Lb frme is

Where                                       depends on the impct prmeter nd the sum of the rdii; 

By ssuming n uniform distribution for  it is possible to evlute the distributions for  for the 

different nuclei, ssuming  nd 

b θW
r = 1 R = 3 A

He F C
The PDF of the  for the different species 
do not depend on the nucleus rdius 
(while, the cross section nd the trnsferred 
momentum do)

θW
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MC validation - 3D simulation

Cmer-like ngle (wrt )̂x
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 fltφ ∈ [0,2π]

Angle wrt 
source wll

GEM 
plane

lterl view
from below
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Monte Carlo validation
With n simulted resolution on the ngle reconstruction of 30°, 45° nd 60° we found the 
distributions below
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MC AmBe (30°) MC AmBe (60°)MC AmBe (45°)
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Monte Carlo validation

With n experimentl resolution on the ngle reconstruction of 45°  resonble 
greement ws found
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Dt AmBeMC AmBe (45°)
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Directionality evaluation - KS test

• Bsed on the mximum distnce 
between the cumultive distribution 
functions (CDF), it returns  pVlue 
indicting the probbility tht the two 
smples re extrcted from the sme 
PDF;
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CDF AmBe

CDF MC  
AmBe (45°)

CDF Bkg
Samples pValue

AmBe - Bkg 0.010
AmBe - MC(30) 0.001
AmBe - MC(45) 0.964
AmBe - MC(60) 0.138
Bkg - MC(45) 0.003

• To study the comptibility between the two smples, the Kolmogorov-Smirnov Test ws used;
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Conclusions
First RUN with AmBe (Aug 2023) lsted bout 48 hours: 1388 NR cndidtes were identified, to be 
compred with 384 in  longer dt-tking without source; 

The distribution of their ngles reconstructed with  simple PCA performed on the sved clusters is: 

- different for the AmBe nd bkg neutron, indicting  cler sensitivity to the NR direction; 

-  direction resolution of bout 45°; 

A new longer run is undergoing: 

- increse sttistics (2 weeks of dt tking); 

- upgrde the selection to go deeper in energy (in the ER see); 

- exploit more sensitive lgorithms for originl direction reconstruction ; 

- perform  complete MC of the setup for dt comprison;
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