Back to Directionality of low
energy electron recoll

S.Torelli - E. Baracchini
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Use of the new digitization code (prolem of a Factor ~5 light less)

Optimization of the saturation parameters

Optimization of the diffusion parameters Agreement within data and MC in
> therms of Energy, resolution and
Addition of vignetting topological variables

Correct simulation of the fluctuaion

Reconstruction with DBSCAN without GAC or Chan-Vese



Data sample

With the new digitization code optimized | produced samples of:
10.000 tracks per energy
Isotropic direction
Diffusion from 10 to 40 cm

Random x-y position with vignetting included
Energies of 16 18 20 22 24 28 32 36 40 50 60 70 keV

N.B. Some optimization of the parameters is needed to reconstruct 100 keV but it's duable

Possibility of retrive the original impact point since the GEANT xyz are saved

Images @ : /nfs/cygno2/users/torellis/digitization/OutDigi/LIME_${E}keV_Sat 10_40 cm_3944bkg Vign BeforSensorFLu

Reconstructed tracks @ :/nfs/cygno2/users/torellis/reconstruction/LIME_HighStat 5790bkg Iso_Vign_FluBeforeSensor



Linearity and EReso
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The directionality algorithm in a nutshell

Algorithm adapted from X-ray polarimetry:

“Measurement of the position resolution of the Gas Pixel Detector”

Nuclear Instruments and Methods in Physics Research Section A, Volume 700, 1 February 2013, Pages 99-105

First part of the algorithm: searching for the beginning of the track with:

Skewness
Distance of pixels from barycenter (farthest pixels)

Selection of a region with fixed number of points NV,

Second part of the algorithm aims to find the direction:
Track point intensity rescaled with the distance from the
interaction point: W(d,,) = exp(—d,,/w)

Direction taken as the main axis of the rescaled track
passing from the interaction Point

Orientation given following the light in the Pixels

Two parameters of the algorithm: N, and w
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Parameters optimization
AngRes Vs NPIP and w

Constant term (lack of 3D)

| 26.40 23.63 2330 2321 2351 2387 2429 24.82 2545 2593 2674 27.40 27.94 2860 2920 20.74 3047 31.05 31.50 3114 30.30 30.59 30.85 31.04 31.07 31.36 31.61 31.81 31.83 3142 31.65 3223 3204 31.68 31.83 31.85 3200 3273
200 ll 037 0ar 0ar 038 039 040 L) 04z o042 04a 045 oas oar 048 049 .50 os2 os2 200 it
| 25.61 22.88 2274 2293 2327 2371 2430 2494 2555 26.33 27.06 27.51 28.07 2874 2027 29.85 30.54 31.06 —1{25 3210 3052 30.79 30.74 31.06 31.09 3155 31.65 31.82 31.79 31.57 31.69 3222 3240 3225 3204 3214 3229 3275 —32
041 036 0ar 038 039 040 041 o 043 043 oas 045 o0ar 038 048 050 os1
| 25.99 22 272 2512 2593 2664 27.14 27.67 2820 28.86 29.56 30.00 30.61 31.24 30.39 31.03 30.83 31.20 31.14 3130 31.61 3205 31.86 31.44 31.69 3210 3252 3263 3255 32.37 32.28 3276
040 o 042 043 oas 045 o047 047 048 049 oso
180— —o4 180— —131
| 25.61 2463 2543 26.15 2673 27.27 27.75 2833 29.09 2956 30.12 -81.27 3090 31.11 31.47 31.65 31.48 3153 31.77 3200 3208 3200 3218 3242 3291 33.04 33.04 3263 3260 32.97
040 0% 042 043 s 045 045 o7 048 048 oS0 B
| 25.06 2441 25.15 2580 2631 27.01 27.55 28.01 2877 2928 29.78 ~91.06 30.80 30.72 3081 3138 31.48 31.34 3153 3145 3171 31.96 3219 3266 3258 3266 3299 3282 }271 282  __13()
160 039 040 041 042 043 044 045 046 047 0.48 o —23 160
| 25.24 2401 2482 2546 2596 26.60 27.23 27.69 28.36 28.86 29.43 30,80 31.01 3095 30.95 31.39 31.58 31.72 31.93 31.44 3172 31.93 3229 3267 3279 3271 33.08 3291 3295 33.05
s o o vaz o 043 045 o oA oar o
| 24.25 2363 2445 25.12 2566 26.21 2678 27.41 27.97 2852 28.98 22 -31.90 31.00 31.18 31.50 31.62 31.80 31.71 31.91 3200 31.98 3214 3251 3276 3292 3277 32.84 3289 3294 33.07 29
140 _0“ 039 040 L) 042 043 043 045 046 047 047 140 B
| 23.82 23.39 2412 2480 2535 2588 26.59 27.08 27.62 28.10 28.61 F82.77 31.21 31.21 3150 31.69 31.73 31.47 31.83 31.98 3220 3235 3254 3287 3291 3256 3299 3312 32.98 33.10
037 039 040 041 0.42 043 044 0.44 045 046 047 21 i 28
| 23.66 23.14 2393 2447 2502 2557 26.17 2670 27.30 27.73 28.14 8274 31.55 31.45 31.94 31.90 31.60 31.61 31.90 31.81 3217 3228 3260 3294 3294 3283 3299 3314 3320 33.34
120 _oa 038 040 040 041 042 043 0.44 045 045 0.46 120_
| 24.20 2296 2353 2418 2471 2524 2577 26.36 26.94 27.38 27.74 20 192,67 31.84 31.32 32.16 3201 3230 31.89 31.62 3216 3224 3239 3282 33.10 33.11 33.12 33.09 33.06 33.16 33.44 27
041 038 033 040 o4 042 042 043 04 045 045 L
| 24.68 2261 2329 2390 2441 24.96 2549 26.09 2657 27.02 27.46 13314 3224 3208 3240 3234 31.94 31.81 31.88 3211 3242 3254 3277 3279 3298 33.05 32.87 3291 33.10 33.18
041 037 038 040 040 041 042 043 04 044 045 19 100_
100 26
| 25.60 2299 2362 24.08 2454 2511 2562 2612 2670 27.08 19343 32.39 3272 3294 3287 3244 3247 3237 3246 3244 3270 3279 33.18 3320 33.16 33.30 3333 33.22 3344
045 038 039 040 040 041 042 043 0.4 0%
| 26.11 2281 2337 2385 2435 2485 2532 2576 2620 26.63 18 84,34 33.05 3299 33.35 3287 32.81 3267 3278 32.69 3254 3274 33.07 33.05 33.11 33.07 3328 3327 33.43 3347 o5
| 27.28 23.10 2354 24.07 2443 2492 2537 2576 26.18 18418 34.04 33.60 33.27 3316 33.00 3270 3283 3254 3260 3280 33.14 33.40 3322 3337 3332 3357 3349 33.63
- 23.05 2333 2376 2429 24.66 24.98 2546 25.90 — 34.65 3418 33.98 3351 3362 3297 33.11 3285 33.01, 3285 33.05, 3344 33.44 3326 3332 3356 33.56, 33.42 24
1 e a2l e Yy ] e, 60 3 Wy e S O |y |
60
1 2 3 4 5 6 7 8 9 10 1 2 4 5 6 8 9 10
Best 57.76 5817 59.05 60.18 60.64 60.88 6157 6232 B63.05 64.22 B Fiomp
: 200 B ... 600+ Entries 8586
57.89 58.75 59.73 6047 61.00 61.31 61.99 62.83 63.81 L
compromise _leo - ean 0004240
Sid Dev 1.041
I . h 56.98 57.36 59.24 60.18 60.83 61.41 61.94 6228 63.37 B Iy 2107180
a Wa)’S In this 500 +— Prob 1.028e-13
N 59.15 6018 6079 61.36 6172 6225 63.08 58 L 0o $10.5410.0
regl o n : p1 -0.002873 +0.004956
58.97 5959 6021 61.00 6158 61.99 62.60 C " 03285 40,0054
400+ 3 31.7740.74
58.63 59.39 50.04 60.77 61.28 61.81 62.48 L
58.41 59.14 59.55 60.25 60.87 61.46 62.05 ~
300}
5821 5879 50.16 60.06 60.74 61.08 61.72 L
57.96 5851 50.00 5970 60.44 60.92 61.48 -
200
57.81 58.34 58.88 50.45 60.00 60.54 61.18 »
57.19 57.94 58.54 58.97 59.48 60.12 60.65 :
100+—
57.26 5773 5826 58.92 5945 59.92 60.52 L I
56.90 5747 57.92 5860 59.04 5963 60.10 - R e T e
0 1L 1 l . l 1 1L 1 L l 1 L 1L 1L l 1 L 1L I 1L L 1 L L 1 1 L l L 1L 1L L l - 3 1L L
5694 57.29 57.80 58.25 58.94 50.25 59.82 -3 -2 -1 0 2 3
AngleDiffCorr
56.77 57.20 57.55 57.98 5854 59,03 59.32
60 | JEETL 1 | o | I [L L fL Tl I | I | I [Tl
1 2 3 4 5 6 7 8 9 10



Results on angular resolution and IP resolution

Npt 100 100 100 100 110 110 110 120 120 120 120 90

After the optimization of the parameters:
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Parameters varying in a more smooth way

Much better Ang Res than previous case with
37° @ 20 keV and 26° @ 40 keV

Much better IP Res than previous case with
| mm @ 20 keV and 1.5 mm @ 40 keV

Algorithm didn’t change, only light that means better
signal to noise ratio and easier reconstruction
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AngRes [deg]

Other considerations

Effect of the diffusion on ang res Effect of the lack of 3D on ang res
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Angular resolution converges at Difference constant even at higher energies

higher energies for different distances
100 and 150 keV needed to constrain p,



pp Solar neutrino physics case

Given an hypothesis of background, how much exposure
we need to measure neutrino from the pp cycle?

Already Giorgio and Stefano developed and tested . == 10

the framework for DM sensitivity with the bayesian 2 e o000t
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By apporting some changes to the model and to likelihood function:
Not considering different element of the gas for the interaction
Considering different angular resolution for different energies

The same framework can be applied to neutrino



Resolutions for pp solar neutrino physics case

The idea is to make and estimation with the bayesian approach using the current resolutions
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Threshold at 10 keV for the moment (since we have less than | rad of AngRes) but can be optimized



Template production
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Conclusions and future

After the optimization of the MC the simulated tracks show a good agreement with data

The angular resolution as a function the algorithm parameters is more
consistent than in the previous case

The results on angular resolution and IP resolutions improved a lot as expected

I’'m starting to study the feasibility of the neutrino physics case

| would need now the shape of a bkg spectra to generate the template
distributions of the bkg. Any idea?

Plan to produce the template and the data sample for signal and bkg
and use the code of Stefano for the sensitivity limits

Eventually improve the directionality algorithm

Test the directionality algorithm with MANGO using a source of polarized gammas



