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Data analyzed
Four sets of data reconstructed and analyzed:


1. Data wih 55Fe, runs of 16 June 2020 [3685 - 3693]: z-scan with 
same HV of AmBe runs. VGEM1,2,3 = 440 V, Vdrift = 930 V/cm


2. AmBe runs: July xx 2020 runs [3740 - 3751] (more available)


3a. No source, just after the source OFF


3b. No source, 2hrs after the source OFF


N.B. 1: Fe data questionable: much earlier, different place (clean 
chamber), probably different temperature, etc.


N.B. 2: data 3b seems to have a visible energy scale drift (shifted 
tempterature?). Better to use 3a.
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tracks example
Run 3760 with AmBe
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Cosmics region (CR)
First look at ubiquitous cosmics (present in all the types of 
runs), in the “Cosmic Control Region” (CR):


- track length > 7 cm (long)


- σGauss < 1mm (remove overlapping cosmic tracks)
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cluster shapes: seem to select “pure” cosmics in AmBe

# of pixels in supercluster slimness ξ supercluster length
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energy scale drift?
Integral = Raw counts / supercluster shows a shift 


=> Our money-variable:  δ = photons/pixel is badly shifted
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=> Use a fit to δ on CR sample

to inter-calibrate the energy among runs

no-source runs: 3b (>2hrs after AmBe)

supercluster

integral δraw
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earlier no-source runs
An energy shift could be due to a change in the ambient 
temperature. 


=> Check on the no-source runs “3a” (just after AmBe runs):

6

much smaller shift (still present, though)
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energy inter-calibration
The procedure can be applied also to inter-calibrate the scale 
of Fe runs. 


Fe runs affected by DAQ issue that sliced the images 


=> problematic for selecting long tracks. Still, some remain
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Absolute E-scale
We can use the ubiquitous cosmic tracks.                        
We expect dE/dx = 2.3 keV/cm as the MPV of the distribution 
(modulo the angle along the z…)
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dE/dx and E spectrum seems aligned between runs

 and similar in shape
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Absolute E-scale
We can use the ubiquitous cosmic tracks.                        
We expect dE/dx = 2.3 keV/cm as the MPV of the distribution 
(modulo the angle along the z…)
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dE/dx and E spectrum seems aligned between runs

 and similar in shape

Ecal (keV) = ISC(ph) * icrun-type * Kdedx (keV/ph)
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E density (CR)
Energy density in the CR, raw (ph/pix) and calibrated (eV/pix)


The mean is the same by construction (inter-calibration)


The shape differs a bit - not very good news (need to check 
the presence of 4 MeV electrons that may look similar to μ)
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Assuming this is pure cosmics, find a scale factor 

SFcosm = 1.13 for the cosmics normalization. 


To be used in the signal region (SR)

δraw δcal
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Signal region (SR)
“Unblind” the signal region: 


- length < 1cm (expected from SIM for E <~ 100 keV)


- slimness > 0.4 (further suppress pieces of cosmic tracks)
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Clusters with >20 eV/pix are 
clean high-E recoils. OK.


The region [10-20] eV/pix less 
clear: can one trust the cosmics 
normalization ?

=> Important, because these 
could be the low-E NRs
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raw density (SR)
The density of the clear NRs seems similar to LEMON:            
factor 2 expected in #counts/photon for LIME
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22

for the final particle identification. The identification results can be improved using564

additional cluster shape variables, also profiting of their different correlations for signal565

and background clusters, via a multivariate approach, but here priority is given to the566

straightforwardness, rather than the ultimate performance.567
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Figure 13. Supercluster variables. Left: slimness ⇠; right: light density �. Filled
points represent data with AmBe source, dark gray (light blue) distribution represents
data with 55Fe source (no source). The normalization of data without source is to the
same exposure time of the AmBe one. For the data with 55Fe, a scaling factor of one
tenth is applied for clearness, given the larger activity of this source.

Finally, Fig. 14 (left) shows the calibrated energy (E) spectrum for the568

reconstructed superclusters. The energy spectrum shows the E = 5.9 keV peak in the569

first bin of the distribution for data with 55Fe source, and the expected broad peak570

for minimum ionizing particles traversing the ⇡20 cm gas volume at around 60 keV.571

The distribution of the observed average projected dE
dlp

for the no-source sample and572

for the AmBe samples is shown in Fig. 14 (right). The broadening of the distribution573

is mainly due to the specific energy loss fluctuation in the gas mixture of the cosmic574

ray particles. Its modal value, corrected for the effect of the angular distribution (an575

average inclination of 56� was measured from track reconstruction) is 2.5 keV/cm, in576

good agreement with the Garfield prediction of 2.3 keV/cm.577

5.1. Background normalization578

The data with AmBe source, taken on the Earth surface, suffers from a large contribution579

of interactions of cosmic rays, and from ambient radioactivity, whose suppression is not580

optimized for the Lemon detector. The cluster shape observables provide a powerful581

handle to discriminate them from nuclear recoils candidates, but the small residual582

background needs to be statistically subtracted. The distributions shown earlier, where583

the different types of data are normalized to the same exposure time, demonstrate that584

can we trust cosmics subtraction?

=> need to think a better discriminating variable
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SR Energy spectrum
E spectrum different for E > 2,3 keV. Seems legitimate to think that this 
comes from the AmBe source


For E < 2 keV seems more a bad normalization of cosmics?


Need to check on raw images. Need to think seriously to stat uncertainty
13
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And Fe?
Wasn’ t it 6 keV? Here it seems peaked at 2 keV. 


Not applied the “vignetting” Energy correction: the light yield decreases as 
a function of R up to factor [3-4]. 


The Fe is the most biased being concentrated at the top of LIME => can 
raise up to 6 keV 


Davide has the correction map. Need to apply it (coming soon…)

14

occupancy of 

Fe spots
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Conclusions & todo
First look at the Summer data with LIME: AmBe, Fe, no-source


The clear high-density NRs are where expected


Calibration procedure in place to compare different run-types 
and to do a correct cosmics-background subtraction


Need to apply the vignetting correction. This will help to:


1. recover the Fe in the correct place


2. it could change the shape difference in \delta between cosmics and 
AmBe (because cosmics are uniformly distributed in space, NRs are a 
spray from the source?)


Need to think seriously to improve the discrimination between 
cosmics and the signal candidates
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