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Data taking setup

2



L. Zappaterra, 28th October 2024

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

Energy [keV] Energy [keV]
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AmBe excess selection (zoom)
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With AmBe No AmBe = Bkg
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AmBe excess selection - Some samples
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Selected clusters Energy/Density spectra
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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. 

• 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 - Examples
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Directionality evaluation - Examples
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Map of AmBe Nuclear Recoils
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Directionality evaluation - AmBe vs. Bkg
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• Observtions: 

• Excess of verticl clusters in Bkg 
smple. Comptible with flt 
distribution. 

• Excess of horizontl clusters in 
AmBe smple. Not comptible 
with flt distribution. 

• Is this expected?
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Monte Carlo validation

Strtegy: 

• Simulte  fke nucler recoil 
inside the detector frme.  

• Model the interction s  simple 
elstic scttering. 

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

θW = arctan
sin γ

1 + cos γ
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MC validation - 3D simulation
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 fltφ ∈ [0,2π]

Cmer-like 
ngle (wrt )̂x

Angle wrt 
source wll

GEM 
plane
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MC validation - Simulated angle
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• Verticl region is not perfectly mtched by the AmBe smple, but Bkg is for sure fltter.
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MC validation - Gaussian Smearing
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• The differences in the distributions could 
be due to our ngulr resolution, which is 
bsent in the simultion. 

• We cn simulte it by mens of  
gussin smering. 

• In order to sttisticlly compre the 
distributions, we cn use the reduced , 

indicting the mesurements with  nd 

the simultion with  .

χ2

Oi
Ei(σ)

Ei(σ) = Ei + error

where error ∈ Gauss(0, σ)

χ2 = ∑
i

[Oi − Ei(σ)]2

Ei(σ) × ν
ν = # of bins
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MC validation - Gaussian Smearing
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Angulr resolution = 5°:
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MC validation - Gaussian Smearing
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Angulr resolution = 25°:
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Angulr resolution = 40°:

MC validation - Gaussian Smearing
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Angulr resolution = 55°:

MC validation - Gaussian Smearing
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Angulr resolution = 85°:

MC validation - Gaussian Smearing
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MC validation -  vs. Resolutionχ2
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• Two clims cn be extrcted from 
these tests: 

• Our mesurement resolution 
with this method is round 
40-45°. 

• There is  preferentil direction 
in the AmBe dtset.

First evidence of the directionlity of LIME for Nucler Recoils
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We can reconstruct the source position
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• The AmBe source ws plced t 
hlf height (Y ~ 1150pixels)

First evidence of the directionlity of LIME for Nucler Recoils
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MC validation -  vs. Resolutionχ2
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• Two clims cn be extrcted from 
these tests: 

• Our mesurement resolution 
with this method is round 
40-45°. 

• There is  preferentil direction 
in the AmBe dtset.

First evidence of the directionlity of LIME for Nucler Recoils
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Clusters 3D range reconstruction
•  , with  

• Both lengths should be preprocessed removing the diffusion, evluted from dt tken with 
55Fe source hlf-wy in the drift direction.

3D range = sc_length2 + L2
z Lz = vdrift × ToTmax
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Clusters 3D range reconstruction
• A 5.9 keV  trvel ~0.5 mm in He:CF4. 

• From the previous slide we obtin:  

 mm 

• spot size minly due to diffusion only. 

• This mesurements cn be interpreted s 
offsets to be subtrcted to their reltive 
physicl quntities.

e−

8.63 ± 0.9
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Clusters 3D range reconstruction

• Since the effect of the diffusion 
increses with the distnce, the 
length offset does it too; 

• Diffusion of ionistion electrons 
scles with the squre root of 
the distnce in drift chmbers. 

• Trnsverse profile  gives  
mesure of the position of smll 
clusters in the drift direction.

σ
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Clusters 3D range reconstruction

• Fit Energy vs Rnge simultion 
with  2nd order polynomil 
function. 

• With this we cn extrpolte 
energies outside the simulted 
rnge domin nd compute 
the “expected energy”.

27



L. Zappaterra, 28th October 2024

Clusters 3D range reconstruction

• Combining cmer nd PMTs 
we cn obtin 3D rnge for 
ech cluster. 

• Most of the clusters re shorter 
thn 10 mm.
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True energy spectrum from 3D range

• Known non-linerity response 
for very dense trcks. 

• Using previous rnge vs energy 
simultions, the true energy 
spectrum is extrcted. 

• Mximum bin for NR with 
reconstructed energies 
between 200 nd 300 keV
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Clusters 3D range reconstruction
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Saturation factor =
expected energy
saturated energy

• Mostly distributed round 10-12 

• Coherent previous studies.                                         
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Conclusions
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First RUN with AmBe lsted unfortuntely less thn 48 hours; 

With  very simple selection, 1461 NR were identified, to be compred with 71 in  sme 
dt-tking without source; 

From n evlution bsed on their length, their energy ws reconstructed to be minly 
below 1 MeV;  

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

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

- comptible with  direction resolution of bout 40-45O


