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e Comments and consideration on the angular resolution
assumed in the HELLAZ proposal for solar neutrino
measurements presented at last meeting

* [ntrinsic limit to angular resolution for He:CF4 at 1 bar &
measured resolution by Samuele



HELLAZ proposal assumptions

Nine 100-keV electron tracks, shown in Flg 2, were generated along the z axis using
the GEANT programme energy loss in the He gas. The variance of
o(E I, track directions aref{due only to multlple scattcnng n He gas and does not include drift

diffusion. This would cause an additional 3D Gaussian smearing of each detected point by
an amount o, = 0, = 04+/z and o, = 01/z where (0, 0;) are the (transverse, longitudi-
nal) diffusion coefficients [14] in He gas (5 bar, 77°K, E = 20kV/m) with z the drift length.

03 ™ HELIUM, 10 BARS, 77K
E= (mT)/(p cosﬂ )

Note that the mean deflection in the first 10 mm is about 1 mm thus a directional error

0¢ < 100 mrad may be expected if the sampling is sufficient. The purely ionization signal

mrad. A more precise estimate for the directional error is o9 = (04/7,)/v/N where oy is
the drift diffusion error ({¢4) = 3 mm for 10 m drift), (s, o, = s/v/12) are the (real, rms)

gths (12, 3.5 mm) with N the number of single electrons detected (400 for s =
) For a straight line fit, the sampled track length s cannot
se the multiple scattering deflection builds up.

For low energy electrons, there is a large
contribution coming from the scattering with
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emev | atom’s electrons that is not taken into account here

Fig. 11. The neutrino energy resolution vs neutrino energy E, for fixed T (MeV).

Such scattering can be very large and with significant
change of the low energy electron direction



60 keV electrons from Geant4 in He:CF4 60:40
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Intrinsic angular dispersion of low energy electrons

Goal: try to evaluate the intrinsic change of direction of the track fitting with a straight
line the real MC true track hits (no diffusion, no readout effect) for the first XX mm
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Work for the moment only the 2D projection as seen by CYGNO CMOS-camera



30 keV - Tmm
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30 keV - 2 mm
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30 keV - 3 mm
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30 keV -4 mm
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30 keV fit to first 1,2,3,4,5,10,15 mm with constraint on IP at (0,0)
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60 keV examples
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60 keV fit to first 1,2,3,4,5 mm with constraint on IP at (0,0)
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100 keV examples
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100 keV fit to first 1,2,3,4,5 mm with constraint on IP at (0,0)
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“Intrinsic” low energy electrons angular dispersion in He:CF4 60:40 @ 1 bar
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Y coordinate (mm)

S. Torelli results on 30 keV ER

Distance from the GEM of 20cm

L - -
1220 - | t t lut
u o mpact point resoiution
1200/ o —
= . F € 599
60 60F Entries 999 1601 prives 1751
- Moan 1774 r Std Dev 09514
E S1d Dev 1238 r 2/ naf 1326738
50— Xproﬁle 2 vl 120762 140— Yproﬂle Prob 2080-12
50 - Prob 1.402¢-05 C Constant ~ 111.9:66
C Constant 44.97£2.07 - Mean 175.1£0.0
F 21\ Mean 1772400 120— Sigma__ 06179 0.0208
40 E / \ Sigma  0.9502 +0.0315 C I
\ 100+— [\
o  10.95 mm’ | -0.62 mm/ |
- / A - / \
30f— / A\ 80— [ |
30 E \ Tail due to the symmetry F [ \
F / \ of the system 60— / \
20— / \ r / \
- / \ 40— i“ \
20 C f \ E / \
10— / ‘-\ 20F- / \
- C r \
r Y, \ F / Q
Max RMS method I r P AN ot e el ) A A | R PR
1060 10 By Lo >y Blnain 0~ 172 7a 176 178 180 [ram]
72 174 176 178 180 182 X [mm] 184
Track main axis
1 040 1 \ 111 J Il \ 1 1 1 1 | 1 1 0

1120 1140 1160 1180 1200 1220 1240 1260 1280 1300

Intrinsic angular Measured angular

Algorithm: Astronomical X—Ray Polarimetry - pag. 130 disperSion resolution
3.8

— Angular Dispersion
- E Entries 1003
36 [ Example of measured photoelectron % ol 5 Ven oamms
™ I tracks at 5.4 keV in a He- DME mixture g+ 30 keV } t C e
3 4 [ -5 25_— 2 Prob 0.0009531
. = ) ) g C 40— Constant 39.71£231
& Center o.f’gr'athy §' B * C Mean  -0.09744:+0.00956
3.2 — ’:.. ;. % 20— C Sigma 0.2403 +0.0104
- Absorption point g r ; ' 30—
3 151 B Oy = 137
r ¢ ¢ 2
28 F - 10~ . B
L. Direction of emission B . F
™ 1st passage F . ¢ . L
26 Direction of emission Ste o ® B
o 21 ~c C °« ° ] A f
2.4 [ S 0:.$.|...|...|...|..wHw”w”m c_'"'_*éﬂ“"" 'Jilznmh'i; “”E"“”“”Q'"““”ﬂ"‘
B 0 2 4 6 8 10 12 Fit ;‘gn ol r;gﬂ AngleValRMSDist
22 E He (40%) - DME (60%) L - 9
o b b b L For 3 mm (20 px) fit Angular resolution from
-1 -08 06 -04 -02 0 02 04 06

range is 11.3° algorithm 7.7¢

X coordinate (mm)



