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PMT Signal basic properties - Resume

Let’'s resume all the information:

Reconstructed info:

1. Time over threshold gives me the alpha AZ .

o Together with camera XY angle = theta angle

2. The position of the Bragg peak tells me angle theta signal in Z

o  (Towards cathode or GEMs)

3. Relative amplitudes between PMTs give me the quadrant position in X-Y

o Useful for basic association cluster-waveform

AZ

Theta angle

AXY

Phi angle

Signal of theta +

phi == Head-tail
12

3D reconstruction

o Analyser class (directionality) gives me Angle in X-Y (phi) and the AXY
m  Could be confirmed / tested against PMT Bragg peak skewness method

David M.

PMT reconstruction & analysis

165



(a)

(b)
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Figure 1.18: Full example of the analysis pipeline for the alpha particles identified in a given picture (run
41525, picture 399): (a) Original picture and sCMOS analysis of both alphas; (b) Light transverse profile of
the alpha tracks; (c) and (d) the set of 4 waveforms for each trigger identified as alpha tracks; (e) waveform
- cluster association and final 3D projection in the real LIME framework.

David M.

PMT Reco & Analysis - Previously

Previous episodes:
1. [https://agenda.infn.it/event/41735/]
Initial look at alpha tracks for directional & head-tail determination
2. [https://agenda.infn.it/event/42030/]
1 Update on ... - 3D reconstructed alpha tracks
3. [https://agenda.infn.it/event/42653/]
2 Update on ... - 3D reconstructed alpha tracks
4.  [https://agenda.infn.it/event/43123/]

3 Update on ... Techical update_Coordinates_& Shadows

Full framework retrieves and saves all the relevant

information automatically, including plots.
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PMT Reco & Analysis

#4 Update on ...
3D alphas -

David Marques
2-day Analysis meeting 19-20/09/2024, L'Aquila
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PMT 3D reco - Conclusions

1. Missing (?) Features

Improve association

m  Using BAT?
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PMT 3D reco - BAT-CAM association

To improve the cluster-trigger association

(1-to-1 association), we use the BAT-fit to
position the PMT signal in the GEM plane:

David M. PMT reconstruction & analysis
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PMT 3D reco - BAT-CAM association

To improve the cluster-trigger association WF_run_41502_evt 311_trg_1_ch_2

(1-to-1 association), we use the BAT-fit to
position the PMT signal in the GEM plane:

ADC counts [#]
S 3
T

o
S
S

T

1. Slice waveform ol
2. BAT-fit the slice integrated charge = ZZZ: | | ota
(LXY) pa
3. Place the pointin the GEM plane. ML A ‘Se;rglg?;[;t]
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PMT 3D reco - BAT-CAM association

To improve the cluster-trigger association WF_run_41502_evt_311_trg_1_ch_2
E F
(1-to-1 association), we use the BAT-fit to g \/\,f
S 700
o =
position the PMT signal in the GEM plane: o =
500
1.  Slice waveform a0l
300%
2. BAT-fit the slice integrated charge = 200F- | | rotx
100
(L.X.Y) T N
| R T W I T SN S AN ST WA S "N TN TR SN N SN S S A T
. . 0 200 400 600 800 1000
3. Place the pointin the GEM plane. Sample [#]
Input data:
V=R*I=V=RxQ/MAt = Q = Voxt (1.4) « index = peak index in the waveform (needed for
R non spot-like tracks!)
¢ Ly must be in nC!
. DGTZ dynamic rangelV] o Input file must have each line with these fields
QiCl = AIADU] + DGTZ resolution[bits] ARIR separabed Ty dal
1[V] 1 ; 5
= A[ADU] * 2bits] * DGTZ P g [ns] / R[Omegal (1.5) 41525 3991 0 0.000932541 0.000983476 0.00531117 0.00458673
S ' ' 41525 399 1 1 0.00107476 0.00119337 0.00691235 0.0058587
B % 41525 399 1 2 0.000985412 0.00119586 0.00764 0.00607585
- 2096 3 50 41525 399 1 3 0.000980864 0.00121351 0.00910747 0.00674264
41525 399 1 4 0.000837121 0.00097389 0.00774152 0.00586954
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PMT 3D reco - BAT-CAM association

To improve the cluster-trigger association WF_run_41502_evt 311_trg_1_ch_2 BAT-fitted positions
= Ezzoo;—
(1-to-1 association), we use the BAT-fit to g \/\,f e "
3 700 ‘Q 1800
) . . E > E
position the PMT signal in the GEM plane: o=y i
500 E
1. Slice waveform - b3
. . 00 s00F-
2. BAT-fit the slice integrated charge = 200F- | | lota s00F-
100 4002—
(L'X'Y) og——} 200F-
. 05~508 4055068061000 1200 1409 1600 1800 2000 2200
3. Place the pointin the GEM plane. o e ] X pixels [#]

Vit

V=Rx*xI=V=RxQ/At = Q = R (1.4)

- DGTZ dynamic rangelV]
QECY =SAADUL DGTZ resolution|bits] &ALER
1[V] 1 .

= D - [ R 1.

AlADU] 12[bits] " DTz sampl. freq. ns] / ROmegal (1.5)
= A % & * 4 * Z

4096 3 50
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PMT 3D reco - BAT-CAM association

To improve the cluster-trigger association

(1-to-1 association), we use the BAT-fit to
position the PMT signal in the GEM plane:

1.  Slice waveform

2. BAT-fit the slice integrated charge =
(L,X)Y)

Place the point in the GEM plane.
Same for CMOS (using Analyzer:Edges)

Distance between points calculated

o voA W

. Cluster-trigger association done by

smaller distances

David M.

ADC counts [#]

PMT reconstruction & analysis

WF_run_41502_evt_311_trg_1_ch_2

N A SV S ' TR SN A MO S N T
0 200 400 600 800 1000
Sample [#]

BAT-fitted positions

3, 2200

w

B 2000

X

S 1800

> 1600
1400
1200
1000
80
60
40
20

S & © o

[T T[T T[T T [T TIT[TTT[TIT IT]T

o

%

o

ol b b e b b b b Loa Lawa by
200 400 600 800 1000 1200 1400 1600 1800 2000 2200

X pixels [#]

e



PMT 3D reco - BAT-CAM association

To improve the cluster-trigger association WF_run_41502_evt 311_trg_1_ch_2 BAT-fitted positions

= F Ezzoo;—
(1-to-1 association), we use the BAT-fit to g \/\,f e "
3 700 ‘Q 1800
) . . E > E
position the PMT signal in the GEM plane: o=y 3
500 E
1. Slice waveform 0o~ 3
. .. B0k s00f-
2. BAT-fit the slice integrated charge = 200F- | | lota 3
100 , 400>
(LIXIY) o 200E
3 Place the point in the GEM plane g ‘S ‘10'0?- [#1 0506400 600 ‘gso";o‘oa'1'2'05';4'06'1'6‘()6‘4;0;‘2;955"52'?;]
. . ample pixels
4, Same for CMOS (using Analyzer::Edges)
5. Distance between points calculated
BAT_CAM_association_cl_0_trg_0 BAT_CAM_association_cl_0_trg_0 BAT_CAM_association_cl_0_trg_0
6. Cluster-trigger association done by m . o
smaller distances '3 o3 i3
e i i ] e o
: Works Sur riSin l Well! 200:: | Il 1 | L 1 | L 1 | L mé: 1 Il Il | L 1 1 L 1 1 L 200;: 1 | | 1 1 L 1 L L 1 L
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PMT 3D reco - BAT-CAM association

We can study the efficiency of this fit:
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PMT 3D reco - BAT-CAM association

We can study the efficiency of this fit:

& 2000 350
©
x
3, 1500 300
@
£ 1000
S 1250
2
2 500
> 200
0
150
-500]
-1000 100
~1500] 50
—200, PR P T T N B P
~2000-1500-1000 500 0 500 1000 1500 2000
=
> C X distances
.2 12000 — X Distances Entries 264000
3 L Mean -53.04
o [~ Y Distances 1 Std Dev 147.1
10000—
B Y distances
r Entries 264000
8000[— Mean -0.4876
- 1 Std Dev 149
6000(—
4000—
2000(—
ETE PR OO o ] G ORI PPN PR
—?000 -800 -600 -400 -200 0 200 400 600 800 1000

Distance [pixels]
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PMT 3D reco - BAT-CAM association

We can study the efficiency of this fit: e We get not very Gaussian distributions (and it wasn't expected)

o Standard deviations of ~150 pixels = 2,325 cm

1500 ' 300

1000

Y distance [pixels]
a
S

oF

~500]

~-1000

~1500 50

2001 P D UV P T BT T
—8000—1500—1000 -500 0 500 1000 1500 2000

% C . X distances
2 12000 r X Distances Entries 264000
3 L Mean -53.04
o [~ Y Distances 1 Std Dev 147.1
10000—
B Y distances
r Entries 264000
8000[— Mean -0.4876
- Std Dev 149
6000(—
4000—
2000(—
| PR PN SO — o L] G ORI APRPPEN PR
—?000 -800 -600 -400 -200 0 200 400 600 800 1000

Distance [pixels]
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PMT 3D reco - BAT-CAM association

We can study the efficiency of this Fit: e We get not very Gaussian distributions (and it wasn't expected)

o Standard deviations of ~150 pixels = 2,325 cm

3 ‘ e Atthe moment, is only necessary for matching *alpha* tracks.
3, 1500 300

§ o oy o Rarely 2 inone pic.

N -

o  This resolution is more than enough.

B N m Atcloserdistances, also the CMOS reco starts failing and

~1500 50

merging the tracks, which renders useless the 3D reco.

200 bl | | I Lo
—8000»1500—1000 -500 0 500 1000 1500 2000

% C . X distances
2 12000 r X Distances Entries 264000
3 o Mean  -53.04
o [ Y Distances Std Dev 147.1
10000—
B Y distances
r Entries 264000
8000}— Mean -0.4876
- Std Dev 149
6000|—
4000—
2000[—
| PR PN SO — o L] G ORI APRPPEN PR
—?OOO -800 -600 -400 -200 0 200 400 600 800 1000

Distance [pixels]

PMT reconstruction & analysis



PMT 3D reco - BAT-CAM association

We can study the efficiency of this Fit: e We get not very Gaussian distributions (and it wasn't expected)

o Standard deviations of ~150 pixels = 2,325 cm

@
3
3

3 ‘ e Atthe moment, is only necessary for matching *alpha* tracks.
§ o ol o Rarely 2 in one pic.

o  This resolution is more than enough.

oF

~500]

m Atcloserdistances, also the CMOS reco starts failing and

~1500 50

~-1000

merging the tracks, which renders useless the 3D reco.

200 bl | | I Lo
—8000»1500—1000 -500 0 500 1000 1500 2000

% C . X distances
2 12000 r X Distances Entries 264000
3 = Mean -53.04 BAT - CAM association
o {6iod [~ Y Distances Std Dev 1471 =
— 2 + PMT
- Y distances £ 2o00r -
r Entries 264000 o * GAM B
C Mean -0.4876 'y >
8000— L
F Std Dev 149 15 £ -
r 26
6000 (— 1000
| 24-
- 00 { 22
4000— 52
= 20 16 \Y
[ . . . . 0 TE % a1 e
L 500 1000 1500 2000 Z[em) 24 22 00
2000{— X pixels [#]
| PR PN SO — o L] G ORI APRPPEN PR
—?OOO -800 -600 -400 -200 O 200 400 600 800 1000

Distance [pixels]
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PMT 3D reco - BAT-CAM association

I have many examples, there’s a bit of everything...

BAT_CAM_association_cl_0_trg_0 BAT_CAM_association_cl_0_trg_0
[ I
ﬁzoool » PMT ézoool + PMT
a2 + CAM - + CAM
> L > L
1500/ 1500/
L [ LT
1000} 1000}
L . L
500j +* **,.,* 500_—
oL N R S ST S oL I I T E T
0 500 1000 1500 2000 0 500 1000 1500 2000
X pixels [#] X pixels [#]
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PMT 3D reco - BAT-CAM association

I have many examples, there’s a bit of everything...

BAT_CAM_association_cl_0_trg_0 BAT_CAM_association_cl_0_trg_0
[ I
ézoool » PMT ézoool » PMT
a2 + CAM - + CAM
> L > L
1500/ 1500/
L [ LT
1000} 1000}
L . L
500j +* **,\.* soo_—
oL I TR T E S oL I I T E T
0 500 1000 1500 2000 0 500 1000 1500 2000
X pixels [#] X pixels [#]

There are clear reasons to not have a perfect fit:

1.  When the waveforms are saturated due to high gain, we lose proportionality = BAT-fit works better in the middle region.

2. Offsets due to inaccurate gain balance = F. Borra recently updated the code to improve this, but | haven’t checked.

3. Barreling effect from lens towards the sides farther difficulties the fit = Giorgio working on it

While this is interesting, the optimization; test of other types of particles; implementation at front-end level is out-of-scope for my work.
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PMT Reco & Analysis

David M. PMT reconstruction & analysis 183




PMT Reco & Analysis

The datasets used were:
1. Run3
o  For optimization only
2. Runi4

o Most of the long ranges of
Bkg + calibs
3. Run5
o Different gain:
m Interesting by will
maybe require
parameter tuning... in

the pipeline.

David M. PMT reconstruction & analysis 184




PMT Reco & Analysis

The datasets used were:
1. Run3
o  For optimization only
2. Run4
o Most of the long ranges of
Bkg + calibs
3. Run5
o Different gain:
m Interesting by will
maybe require
parameter tuning... in

the pipeline.

David

STATUS  presentin SSD?

DONE

NO

DONE

DONE
DONE

DONE
NO

YES

YES

YES

YES
YES

YES

Batch

1

0w

Start Stop
2023-12-0115:08  2023-12-04 9:39
2023-12-0410:23  2023-12-14 16:40
2023-12-14 18:07:07 2023-12-16 10:17:27
2023-12-15 11. 6 2023-12-15 1 20
2023-12-16 23:50:59 2023-12-17 21:53:14
2023-12-17 22:45:16 2023-12-22 16:18:47
2023-12-17 22:45:16 2023-12-22 16:18:47
2023-12-31

2024-01-04

2024-01-06

2024-01-08

2024-01-10

2024-01-12

2024-01-14

2024-01-16

2024-01-17

2024-01-18

2024-01-19
2024-01-08 12:00:15 2024-01-08 18:38:15
2024-01-08 18:38:15 2024-01-15 9:00:00
2024-01-15 9:11:14  2024-01-23 12:31
2024-01-23 15:44:30 2024-01-24 9:53:11
2024-01-24 10:27:00 2024-02-02 9:42
2024-02-02 9:47:28 2024-02-04 11:21:19
2024-02-04 11:21:19 2024-02-05 14:03:49
9 2024-02-06 23:50
:59:42 2024-02-07 10:03:47
2024-02-07 10:03:47

2024-02-10 14:55:57 2024-02-15 13:07:13
2024-02-15 15: 2 2024-03-05 9:33
2024-03-17 16: 4 2024-03-18 15:14
2024-03-18 15:42:55 2024-03-19 15:19:04
2024-03-19 16:46:18

2024-03-21 17:51:00

2024-03-23 18:20:34 2024-03-26 9:41:19
2024-03-29 10:01:40 2024-04-02 10:02:22
:22

2024-04-08 8:26:06
2024-04-08 13:00:06

ction & analysis

Numbers | |

i Description

40784 - 1 40917 Stability

40919- 42848 Bkg + Daily Calibrations

42863 - 1 43185 Bkg + Daily Calibrations Low GAIN
42985 | 43050 VGEM1 scan

43186 - 1 43231 Stability + Daily Calibrations- LOW Gas Flow : 2 /h
43232- | 43308 Stability + Daily Calibrations- LOW Gas Flow : 1 Uh
43316 - 1 43486 Stability + Daily Calibrations- LOW Gas Flow : 1 /h

43502 - | 43508 Daily Calibration

43509 - 1 43515 Daily Calibration

43517 3522 Daily Calibration

43524 - 1 43529 Daily Calibration

43531 - | 43536 Daily Calibration

43636 - 1 43641 Daily Calibration

43732 - | 43738 Daily Calibration

43849 13855 Daily Calibration

44047 - | 44053 Daily Calibration

44203 - 1 44209 Daily Calibration

44367 - | 44372 Daily Calibration

44553 - 1 44559 Daily Calibration

43537 - | 43701 Stability + Daily Calibrations- LOW Gas Flow :

13885 Stability + Daily Calibrations- Gas Flow : 5 I/h

5213 Bkg + Daily Calibrations

45214 - 1 45251 Stability + Daily Calibrations- Gas Flow : 5 I’h

45259- 46628 Bkg + Daily Calibrations

46636 - 1 46740 Stability + Daily Calibrations- Gas Flow : 4 I’h

46741 6802 Stability + Daily Calibrations- Gas Flow : 5 Ilh

46803 - 1 47023 Bkg + Daily Calibrations

47024 - | 47051 Stability + Daily Calibrations- LOW Gas Flow :

47052 - 1 47108 Stability + Daily Calibrations- LOW Gas Flow :

47982 - | 47985 DT test: trigger rate 36 Hz, PMT 590 V

47986 - 1 47989 DT test: trigger rate 26 Hz, PMT 580 V

47990 8014 DT test: trigger rate 4 Hz, PMT 560 V

48015 8054 DT test: trigger rate 2 Hz, PMT 555 V/

47209 - | 47981 Bkg + Daily Calibrations

48055- 50891 Bkg + Daily Calibrations

52664 - | 52808 Bkg + Daily Calibrations

52816 - 1 52874 Stability + Daily Calibrations- LOW Gas Flow :

52882- | Stability + Daily Calibrations- Gas Flow : 5 Ilh
1 53003 Stability + Daily Calibrations- Gas Flow : 5 I’h

53004 - | 53109 Stability + Daily Calibrations- LOW Gas Flow :

53110- 53502 Bkg + Daily Calibrations

53707 - 54403 Bkg + Daily Calibrations

54411 - 1 54502 Stability + Daily Calibrations- HIGH recirculation 40 I/h

54503- 55093 Bkg + Daily Calibrations
55101 - 1 56883 Bkg + Daily Calibrations - Low Gain - Low Drift

21Unh

1Uh
0lh

1uh

1Uh

133
1929
322
65
45
76

164
183
1327
37
1369
104

61
220
27
56

53200
771600
128800

26000

18000

30400

68000

65600
73200
530800
14800
547600
41600
24400
88000
10800
22400
1600
1600
10000
16000
308800
1134400
57600
23200
48400

42000
156800 5+20
278400 5+20

36400 5+40
236000 5+40
712800 5+40

Dataruns Data pics Gas Flow |Filter Line 1

5Blu
5Blu
5iBlu
5.Blu
2Blu
1Blu
11Blu + Rosso
1'Blu + Rosso
1Blu + Rosso
1,Blu + Rosso
11Blu + Rosso
2}Blu + Rosso
21Blu + Rosso
5!Blu + Rosso
5Blu + Rosso
5,Blu + Rosso
51Blu + Rosso
5\Blu + Rosso
5Blu + Rosso
2!Blu + Rosso
51Blu + Rosso
5,Blu + Rosso
51Blu + Rosso
5 Blu + Rosso
5Blu + Rosso
5Blu + Rosso
51Blu + Rosso
1,Blu + Rosso
11Blu + Rosso
1'Blu + Rosso
1Blu + Rosso
1)Blu + Rosso
11Blu + Rosso
5\Blu + Rosso
5 Blu + Rosso
5\Blu + Rosso
11Blu + Rosso
5,Blu + Rosso
51Blu + Rosso
1'Blu + Rosso
Blu + Rosso
Blu + Rosso + RADON
1Blu + Rosso + RADON
Blu + Rosso + RADON
1Blu + Rosso + RADON




PMT Reco & Analysis

=» Cuts

€ For the whole analysis, | don’t use many cuts, as | only saved matched and alpha-PID signals

e You can assume near-perfect selection.
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PMT Reco & Analysis

=» Cuts

€ For the whole analysis, | don’t use many cuts, as | only saved matched and alpha-PID signals

e You can assume near-perfect selection.

€ You will sometimes see the cut: “ pmt_direction !=0"
e When calculating the angles, | am sometimes unsure of the sign of the Z angle (but not the
value). To not skew the distribution, | assign it randomly (-1 or +1)
o Later I realized this can alter (flatten) the distribution if the statistics are very

high, so | remove these events.
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PMT Reco & Analysis

Event rate
35.00

30.00

25.00

20.00

15.00

Alphas per run

10.00
5.00
0.00

0 1 2 3 4 5 6 7
Run batch

High number of alphas in December, before oxygen and

humidity Filters were installed (correct?) = 6x reduction

1. Alpha frequency in each batch
Batch Runs N runs NS B
alphas per run
1 40919-42848 1820 52800 29.01
2 45259-46628 1370 8529 6.23
3 53110-53502 390 2315 5.94
4 54503-55093 591 3050 5.16
5 53707-54403 531
6 48055-50891 2794 15974 -
David M.
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PMT Reco & Analysis

1. Alpha frequency in each batch Event rate
35.00
Batch Runs N runs N matched N alphas 30,00
alphas per run
25.00
1 40919-42848 1820 52800 29.01 g o
g; 15.00
2 45259-46628 1370 8529 6.23 1000
5.00
3 53110-53502 390 2315 5.94 -
3
Run batch
4 54503-55093 591 3050 5.16
5 53707-54403 531 High number of alphas in December, before oxygen and
humidity Filters were installed (correct?) = 6x reduction
6 48055-50891 2794 15974

Given the statistics, I'll group the data as before (batch 1) and after Christmas (bakch 2-6).

I later rerun the analysis, correcting the angles, and adding the transverse profile sigma fit to the tree
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PMT Reco & Analysis

2. 3D lengths distributions
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PMT Reco & Analysis

2. 3D lengths distributions a iind
...comparing with Pinci’s slides (2D “r
alpha lengths) -3
The Radon Contamination o
Radon-222 Decay Chain - So, a Rn contamination would produce: 50?
- 3alphas: O e N w i
- 222Rn -> 5.590 MeV (about 43 mm) Length (mm)

- 218Pg -> 6.115 MeV (about 50 mm)
- 214Pg -> 7.833 MeV (about 73 mm)
- 2 betas

- alot of gammas from 50 keV to 2200 keV

@Pinci, do we know the precision and source of these
numbers.

Flaminia has slightly higher values for these alphas (?)
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PMT Reco & Analysis

2. 3D lengths distributions a iind
...comparing with Pinci’s slides (2D 3 Adding 3rd
250|—
alpha lengths) ol coordinate
150
The Radon Contamination ol
Radon-222 Decay Chain - So, a Rn contamination would produce: 5°i‘
- 3alphas: O e N w i
- 222Rn -> 5.590 MeV (about 43 mm) Length (mm)
- 218Pg -> 6.115 MeV (about 50 mm) full_length {full_length > 0 && full_length < 12 && pmt_direction != 0}
- 214Pg -> 7.833 MeV (about 73 mm) C Entriesmemp61312
1000 — Mean 4.39
- 2 betas L Std Dev 1.233
- alot of gammas from 50 keV to 2200 keV P
600_—
@Pinci, do we know the precision and source of these a0
numbers. 200
Flaminia has slightly higher values for these alphas (?) 0: ‘ .

10
full_length
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PMT Reco & Analysis

2. 3D lengths distributions

...comparing with Pinci’s slides (2D

alpha lengths)

The Radon Contamination

- So, a Rn contamination would produce:

Radon-222 Decay Chain

- 3 alphas:
- 222Rn -> 5.590 MeV (about 43 mm)
- 218Pg -> 6.115 MeV (about 50 mm)
- 214Pg -> 7.833 MeV (about 73 mm)
- 2 betas

- alot of gammas from 50 keV to 2200 keV

@Pinci, do we know the precision and source of these
numbers.

Flaminia has slightly higher values for these alphas (?)

David M.

Alphas
350
300f~
| Adding 3rd
250~
200f- coordinate
150~
10|
sof-
| rull e | v il | o i |
0 20 40 60 80 100 120 140
Length (mm)
full_length {full_length > 0 && full_length < 12 && pmt_direction != 0}
htemp__1_ 1
[ Entries 61312
Mean 4.39
1000— Std Dev 1.233
B 1546 /111
r 0
C 906.9 +8.3
800— 4.432 + 0,001
r 0.1898 +0.0016
r 396.4 £5.3
Peaks: r 5.117 +0.002
600, 01751+ 0.0022
e 443 cm -
400—
e 512cm -
° 7.29 cm 200~
0 L 1
0 2 4 6
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PMT Reco & Analysis

2. 3D lengths distributions

...comparing with Pinci’s slides (2D

alpha lengths)

The Radon Contamination

Radon-222 Decay Chain - So, a Rn contamination would produce:
- 3 alphas:
- 222Rn -> 5.590 MeV (about 43 mm)
- 218Pg -> 6.115 MeV (about 50 mm)
- 214Pg -> 7.833 MeV (about 73 mm)
- 2 betas
- alot of gammas from 50 keV to 2200 keV

@Pinci, do we know the precision and source of these
numbers.

Flaminia has slightly higher values for these alphas (?)

Alphas -
350
300/
g Adding 3rd
250~
200f- coordinate
150~
10|
S0
1ot | | 21 | ey jill o i |
0 20 40 60 80 100 120 140
Length (mm)
] 8 8 / j full_length {full_length > 0 && full_length < 12 && pmt_direction != 0}
\ver\w < A s htemp__1__1
\'/\"’ ./ ""/'/.'/ Cmy e r Entries 61312
Mean 4.39
1000— Std Dev 1.233
r 1546 /111
r 0
906.9+8.3
800— 4.432 +0.001
r 0.1898 +0.0016
B 396.4+53
Peaks: r . 5.117 +0.002
600, 2 0.1751+0.0022
e 443 cm C
400—
e 512cm r
° 7.29 cm 200~
0 C 1
0 2 4 6

10
full_length
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PMT Reco & Analysis

2. 3D lengths distributions

... Comparing batches:

e before (1) vs after (2-6) Rn filters

e Normalized to 1
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PMT Reco & Analysis

2. 3D lengths distributions

... Comparing batches:

3D length comparison

NN
AN
< PDAalc
NN

e before (1) vs after (2-6) Rn filters 1=
fore (1) vs after (2-6) Rn fi : % batch 2-6
e Normalized to 1 -
0.8—
s
0.4/—
02—
oL e e e |
0 8 10

3D length [cm]
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2. 3D lengths distributions

... Comparing batches:

3D length comparison e
Bl = batch 1
e before (1) vs after (2-6) Rn filters = ;
fore (1)vs after (2:6) Rnf E ~ batch 2-6
e Normalized to 1 " &
08— 8
B N
06
- The are in the same positions -
€ Good consistency 0.4/
-  The relative quantity of Rn alphas in batch 2-6 B
0.2}—
reduced, highlighting other peaks. o
€ Another and 00— . 27 w@‘-%g _—
posterior effectiveness of filters 3D length [cm]
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PMT Reco & Analysis

2. 3D lengths distributions
... Caveats:

=>  Actually, there is some discrepancy in my numbers and Pinci’'s = mine are systematically bigger.
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PMT Reco & Analysis

2. 3D lengths distributions
... Caveats:

=>  Actually, there is some discrepancy in my numbers and Pinci’'s = mine are systematically bigger.

€ Likely due to the fact that I'm not subtracting the “minimum temporal signal” from the measured ToTs.
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2. 3D lengths distributions

... Caveats:

=>  Actually, there is some discrepancy in my numbers and Pinci’'s = mine are systematically bigger.

€ Likely due to the fact that I'm not subtracting the “minimum temporal signal” from the measured ToTs.

e Iflwere to remove the >°Fe length (=63 samples = 4.6mm)...

pmt_peak_FullWidth {pmt_wf_sampling == 1024}

htemp
Entries 5480
Mean 62.76
Std Dev 12,63
Prob 3.464e-17
Constant 1615131
Mean 63.12+0.10
Sigma  6.827 + 0.086

Iy i © ¥ P I
20 40 60 80 100 120 140
pmt_peak_FullWidth

=>»  Fullwidth distribution of 5°Fe in
calib runs in the same data set
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* NB: This correction was also applied in the tilted cosmic (flux)

2. 3D lengths distributions

studies (https://agenda.infn.it/event/38654/contributions/217319/)

... Caveats:

=>  Actually, there is some discrepancy in my numbers and Pinci’'s = mine are systematically bigger.
€ Likely due to the fact that I'm not subtracting the “minimum temporal signal” from the measured ToTs.
e Iflwere to remove the >°Fe length (=63 samples = 4.6mm)...

o The results would be even closer.

sqrt(pow(XY_length,2)+pow((Z_length-0.46),2)) {full_length >1 && full_length < 12}

pmt_peak_FullWidth {pmt_wf_sampling == 1024}

_ Figmp - ] htemp
180 Entries 5480 L Entries 50783

E Mean 62.76 1200 — Mean 4.358
160— i‘d:e" 3464‘ 2-‘13:7’ - Std Dev 1.397

= rol z e—’ ks
140~ Constant 161.5+3.1 L P(r)ob 1 ‘427_?_26

£ Mean 63.12+0.10 1000 — p 1195+9.6
120~ Sigma 6827 + 0.086 L pi 4.279 +0.003 ||

E - p2 0.3266 £ 0.0028
100— [ p3 4223+9.1
o 800~ p4 5.065 + 0.004 ||

E L 0.1663 + 0.0033
60— =

E 600 —
40 L
20— o ’

R e AR ; 400[— - 3 alphas:

20 40 60 80 100 12? " FMIRN'dIh :
pmt_peak_FullWi e :
500 - ?2?Rn -> 5.590 MeV (about 43 mm)
. . . . 55 .
=>  Fullwidth distribution of >>Fe in B .
r - 218Pg -> 6.115 MeV (about 50 mm)
,
% 2 4

sqsrt(pow(XYflesngth,2)+pom1l((zZJength-(;.i&),Z)) - 214Pg -> 7.833 MeV (ah()ul 73 mm)

calib runs in the same data set
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2. 3D lengths distributions

... Conclusions:
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PMT Reco & Analysis

2. 3D lengths distributions

... Conclusions:
e Results are very interesting because, unlike the energy that saturates and spoils the spectrum,

,and indeed we can see, also with a good resolution!

full_length {full_length > 0 && full_length < 12 && pmt_direction != 0}

htemp!
Entries 61312
Mean 4.39
Std Dev 1.233

1000

800

600

400

200

lII]lII]lII]lII]lIIll

A

10
full_length
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2. 3D lengths distributions

... Conclusions:
e Results are very interesting because, unlike the energy that saturates and spoils the spectrum,

,and indeed we can see, also with a good resolution!

full_length {full_length > 0 && full_length < 12 && pmt_direction != 0}

htemp!
L Entries 61312
1000 — Mean 4.39
L. Std Dev 1.233 .
r We are clearly in the
800—
- presence of 222Rn as
600—
r we see the 3
400 :— . .
" contributions.
200 :-
00 1J0
full_length
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2. 3D lengths distributions

... Conclusions:
e Results are very interesting because, unlike the energy that saturates and spoils the spectrum,

,and indeed we can see, also with a good resolution!

full_ th {full_I th > 0 && full_| th < 12 && t_direction != 0} H
ull_length {full_leng ull_leng pmt_direction — > HOW l'.O assess |F the
Entries 61312 .
1000 o0 ) ratios are correct?
We are clearly in the ) .
800 Simulation?
presence of 222Rn as

What about %2°Rn?

600

we see the 3 . . .
MiMac also considers it

400

contributions.

in their paper

200

lII]lII]lII]lII]lIIll

A

10
full_length

Eirst detection of radon progeny recoil tracks
by MIMAC - IOPscience
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PMT Reco & Analysis

3. dE/dx vs enerqy and vs length

... a quick look:
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PMT Reco & Analysis

3. dE/dx vs enerqy and vs length

... a quick look: =>  Lines likely correspond to the 3 alphas observed.
e € Theyare not points because of saturation!
< 5 x10° . .
8 25 e  Could saturation be studied from here?
—! B
;é 400/ 20
: fl 7002— 60
200_— 10 % E_
I g 600: 55
| [
100 5 § 500:— -
400
ol L L Ly | [ - 30
0 500 1000 1500 2000 car%ig%ergy 300 :_
E 20
200
1003— 10
s ff i
0O 2 6 8 1 9

12
full_length
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3. dE/dx vs enerqy and vs length

... It was suggested to look at the dE/dx at different absolute Z

full_length > 0 && < 12 && cam_t_prof_sigma > 0.1 && < 0.12}

x10°
§» 500(— 18
s [ => Byselecting a band in “diffusion” (ie, selecting
= r —16
g 400— N, a “Zband™:
g' - Y € Ishrink the length of the dE/dx line,
© 300
- 10 which starts looking more point-like,
200:_ 8 as expected due to the saturation
- ¥ Feature.
100 4
2
O 1 1 1 1 [ 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 g 1 I 1 1 1 1 | 1 1 0
0 500 1000 1500 2000 2500 3000
cam_energy
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4. Angles
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PMT Reco & Analysis

4. Angles

... Reference frame

X
¢
athode
180 o = P ~
— . i X ‘\\\ //,
> 1805 =" 45
i GEMs

GEM plane

(c) Angle identified in each

(b) LIME on superimposed on picture of the GEM plane. op-
(a) Coordinate system. top of the coordinate system. tional or move to another place

Figure 1.5: System of coordinates and angles used in the analysis of LIME data.
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° m
full_length {full_length > 0 & full_length < 12 && pmt_direction !=
¢
eCo Nalysis : i :
1000 — Mean 4.
L 1 td Dev
800 ; I g

4. Angles —>  Cuts based on the alpha 3D lengths: I l(\

400(—

& >4cm:Rnalphas @ < 4cm:Everything else | «-
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° m
e c o n a s s full_length {full_length > 0 & full_length < 12 && pmt_direction !=
¢
y I L I )
1000 — Mean 4.
L 1 td Dev
800 ; I g

4. Angles =>  Cuts based on the alpha 3D lengths: " l(\

400(— |

& >4 cm:Rnalphas & < 4 cm: Everything else — /w»:/ V\M

. Theta angle comparison ~length > 4
1:_ ~length < 4
08— =>  Rnalphas have symmetric(ish)
C distribution of angles.
0'62_ € Makes sense since emission is
04 random
0,2:_ ->  Non-Rn alphas have preferential
E : direction towards GEM
"L o' S e TR R '(') L Z_a%éle[deé?o & Perhaps coming from cathode? =

To investigate with absolute Z

=>  Before Christmas/Rn Filters
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° m
e c o n a s s full_length {full_length > 0 & full_length < 12 && pmt_direction !=
¢
y I L I )
1000 — Mean 4.
L 1 td Dev
800 ; I g

I/
4. Angles =>  Cuts based on the alpha 3D lengths: F :(\

& >4 cm:Rnalphas & < 4 cm: Everything else — M V\M

... Comparing before and after Rn filters:
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m(ﬂq

(] e ~
full_length {full_length > 0 && full_length < 12 && pmt_direction != 0}
eco Nnalysis | =
[ ntries
1000 — Mean 4.
n ev
a0l A

600(—

4. Angles =>  Cuts based on the alpha 3D lengths:

400(—

& >4 cm:Rnalphas @ < 4cm:Everything else |«

38
T

10
full_length

... Comparing before and after Rn filters:

Theta angle comparison .
Theta angle comparison 7 - length > 4
r ~ length > 4 - -
1._
11— \ BANNN
r == length <4 r ~length <4
0.8; 0.8 __
0.6—— 0.6 ;
b 0.4
0.2; :
&% 0'2 —
o—% ; i B : 5
M T DI (R (IR D) ORI [ v (I JHEXXXX X2
80 60 40 20 0 20 40 60 _ 80 100 0= ST 8 i e e ] |
Z.angle [deg] 80 60 40 20 0 20 40 0

700

Before Christmas After Christmas
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0.8

0.6

0.4

0.2

David M.

Theta angle comparison

Before Christmas

(] e ~
full_length {full_length > 0 && full_length < 12 && pmt_direction != 0}
eco Nnalysis | =
[ ntries
1000 — Mean 4.
n ev
a0l A

Cuts based on the alpha 3D lengths:

>4 cm: Rn alphas

... Comparing before and after Rn filters:

|I\|||I|I|||\II|III]I

0.8

0.6

0.4

0.2

& < 4cm:Everything else =

Theta angle comparison

~ length > 4

~length <4

m(ﬂq

600(—

400(—

38
T

10
full_length

Proportion of non-Rn alphas
travelling towards GEMs
increased.

€ To study correlation from

specific materials (?)

After Christmas

PMT reconstruction & analysis
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5. Defining absolute Z
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PMT Reco & Analysis

5. Defining absolute Z

cam_tgausssigma {full_length > 0 && full_length < 14 && pmt_direction != 0}

=> Many correlations are related to the absolute Z. T
600 Mean 12.93
Std Dev 7.126

a
=3
3

€ This can be kind of assessed with tgaussigma, but it’s hard

s
=3
=]

@
S
=]

N
=3
=)

=)
=)

A L had. ok

o

c|\|\M\|\l\f]\l\l\\l\l\[‘\l\l‘\l

50
cam_tgausssigma
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PMT Reco & Analysis

5. Defining absolute Z

cam_tgausssigma {full_length > 0 && full_length < 14 && pmt_direction != 0}

=> Many correlations are related to the absolute Z. = T

600 — Mean 12.93

£ LSdDev 7.126 |
€@ This can be kind of assessed with tgaussigma, but it’s hard s
400 |—
® |usedthe sigma of the transverse profile of the track. c
3007—
® Fit: [01*exp(-0.5*((x-[11)/[2]1)72) + [3] 200
*NB the constant term 100;

Transversal Profile 0: i L ! Lol ad
Transversal Profile 0 40

50
cam_tgausssigma

10000= ¢
000 S0
8000/=— “E
E a0F—
7000~ E
E s 'I'
6000~ E
E 30— +
5000(=— E D
w00 -
E 20
3000 E +
2000/~ E
E 05— ++
1000~ E
E £ -
= 1 L
i i 26 % 3 35

Transversal Profile

Hy

5

50000]

40000)

20000]

3

HH‘H\I‘\Hll\ll\‘gl\\l‘ll\ll\ll\l

10000]

8
I\II‘\II\‘IHIT\II\‘IIH'HII
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PMT Reco & Analysis

5. Defining absolute Z

=> Many correlations are related to the absolute Z.

¢

This can be kind of assessed with tgaussigma, but it’s hard

® |usedthe sigma of the transverse profile of the track.

° Fit: [0]*exp (-0.5* ((x-[11)/[2]1)*2) + [3]

*NB the constant term

Transversal Profile

Transversal Profile

10° ev. Tun_ c
50— niries

E lean 16.24
45— Std Dev 5.807
a0
woE- +
- b
E- +
20E—
15— +

E +
0E- -+
sE- B2

= L Il L L L 1 1

s i 35 % %5 Y 3

Transversal Profile

Mean 20.09
+++ Std Dev 7176 50009

40000)

5

15.07
5638

30000)

20000]

3

HH‘H\I‘\Hll\ll\‘gl\\l‘ll\ll\ll\l

L L
10 15 20

David M

L
25

30

35

10000]

T[T [ TTTT[TTTT[TITT[7TTT

PMT reconstruction & analysis

@
S
=]

N
=3
=)

=)
=)

o

600 |-

500

400

300

201

3

100

cam_tgausssigma {full_length > 0 && full_length < 14 && pmt_direction != 0}

htemp

C Entries 57145
- Mean 12.93
= Std Dev 7.126
= 7 A ! sol. 2
0 40 50

cam_tgausssigma

cam_{_prof_sigma (ull_length > 0 && full_ength < 14 &8 prt_direction = 0 && cam_ prof_sigma<0.3 && cam_ prof_sigma > 0.1}
htemp
— Entries 54290
= Mean 0.1013
C Std Dev 0.03367
I s Y il IR I R Pithotyand hoatetndaad 11
-0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

cam_t. Jm’fisigma
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6. Correlations

... Can we trust the fit of the transverse profile?
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PMT Reco & Analysis *batch1 dataset

6. Correlations

... Can we trust the fit of the transverse profile?

Theta angle distribution, no cuts

Z_angle I Liongin < 14 88 pmi_c 1 prol 1 prof_sgma>-0:1)

htemp
Entries 54290
Mean 1.952
Std Dev 42.23

1000

800

60

400

200

=)
L L L L L B

=)
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PMT Reco & Analysis *batch1 dataset

ht
6. Correlations e
[ 5 Mean 0.1012
L [StdDev 0.02694
1000—
... Can we trust the fit of the transverse profile? :
800—
C dﬁl
6005 § \\\\\\\
C AR
. . . E, N
Theta angle distribution, no cuts Q00NN
- (&i\\\\\ \\\\\
= i
e s e et A NN
r Entrie: lemp54290 Ll ”é E&\\\\\\\\\\\\\\\\\ \\\\ \\\\\\\\\\\\\\ SIS |
L gtfjagev lzggg ¢ 0% % 5cam _t_prof_s S|grr2|a
1000 — .
: @ r 22
800— g
L 2
C K
600— 3}
* E
L 8
400 ;
200 L
0

S N N B D S BN S DR I
100 -80 60 40 -20 0 20 40 60 80 100
Z_angle
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PMT Reco & Analysis *batch1 dataset

Z_angle {cam_t_prof_sigma<0.1}

htemp
. e e b e e - S L —
6. Correlations - - 0o~ o
1200— Entries 54290 E Std Dev 41.32
F Mean 01012 F
r Jr SidDev 002694 500/
o o 1000— ﬁ\\\g C
E u g C
... Can we trust the fit of the transverse profile? : ol
800— NN C
r ﬂE«\\\\\\\\\\\\\ [
F IO 300 —
600— nnnnk -
C Alanmn C
Theta angle distribution, no cuts e :
! k &f RALK Bt ,
= nmllmlhmlinmnnmn b
200 AT A, 100/—
2 ange Longih < 14 88 prc Lt orel 4ot sigma > 03} C N N
hiemp r &[\( nNnin-nnannani B
F Entries 54290 Té«x“ g o\g%\\' NN T\\o :\\C NN ‘\\\.\\‘;’% e I q- . , 4
r g;agev l 2Sg§ ) ) " cam_t_prof_sigma =100 0 €0 80Zjlngle
1900 = o siqma:Z_ ange (18 Jeogih 0 & A g < 14 &8 Pt Seection 1= 0 &4 cam_1 9ol SgMa<d 3 85 cam 1 orof_sigma > 0.1]
: E £ 22
= 03— H
8001 N o Z_angle {cam_t_prof_sigma>0.1} e
C S 025 800— Entries 33285
600; 3 E £ Mean 9.394
L £ 02 700/— Std Dev 41
[ g F E
400; 0.15;— 600~
[ o1E 500
200— £ [z
r 0.05— C
[ £ 400~
F . ‘ .7 of E
300 -80 -60 —40 —20 0 20 40 60 80 100 E 300 —
Z angle ~0.05F £
E - 200
O P P N T E
—106‘ l—SO‘ ' ‘—60‘ ' ‘—40‘ ' ‘—20’ - ‘0 - IZO‘ ' ‘40‘ ' ‘SO‘ ' ‘BO‘ - ‘100 0 100
Z_angle E
o AN AR A AN AR AN A
-80 -60 -40 -20 0 20 40 60 80 0
Z_angle
Smaller sigma shows more tracks towards the cathode (eventually from GEMs); while higher sigmas show more
angles towards GEM (eventually from cathode)
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PMT Reco & Analysis *batch1 dataset

6. Correlations

... We can look at it from a different perspective, separating between Rn and non-Rn alphas:
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PMT Reco & Analysis *batch1 dataset

6. Correlations

... We can look at it from a different perspective, separating between Rn and non-Rn alphas:

length > 4 length < 4
@ 100¢ — o 100
=) E r \ E=) E
£ C 40 c =
| 80 L
N = N E i
= 35 F o~ s
60 E . 60 @
&E- S R e g
a ~ (. - i mie
20 i 25 20— - aCiE
o i 20 I
- = —opl =, _
20— - 15 E o ir=e g
C A0 2 fe .
0 - ) 10 - 37
C —-60— L .
-60 = B . -
C 5 -80—
-80— o . =
PR IS R N NNV T S YT Y N N S SN AT O T Y MO WY ST A 0 _1OG_|||||||||||||||||||.|||||||||||||
-0.1 0 0.1 0.2 0.3 0.4 0.5 -0.1 0 0.1 0.2 0.3 0.4 0.5
cam_t_prof_sigma cam_t_prof_sigma
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PMT Reco & Analysis *batch1 dataset

6. Correlations

... We can look at it from a different perspective, separating between Rn and non-Rn alphas:

length > 4 length < 4
o 100 — o 100
=) C \ E=) = 45
S g0l . S gof-
N = N coo 40
C 35 E s
60— 60— -™
I i =L i 35
40— 30 40 :— L 8 Ll
E o 3 —30
20— 25 20— L. =
= e & d 25
o= ; 20 L=
C = 20 F .. 20
20— : 15 R . Y&
—40f- M S
= 10 B 10
C -60— e
-60 e = 5
- ? 80— : 5
-80[— | 2 - B
p oy |y e v e e Lo e 1 0 _1OG_||||||||||||||||||||||||||||||||| 0
-0.1 0 0.1 0.2 0.3 0.4 0.5 -0.1 0 0.1 0.2 0.3 0.4 0.5
cam_t_prof_sigma cam_t_prof_sigma

For Rn alphas: towards GEMs, preferentially at higher Z, while towards the cathode is more

evenly distributed. For random alphas, all Z mixed.
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PMT Reco & Analysis

6. Correlations

...We can also look at the distribution of angles
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PMT Reco & Analysis *batch1 dataset

6. Correlations

...We can also look at the distribution of angles

- Al Jrgovcam, ¢ sk gt > €4 oot <1484 p rctan .6 o, s g > 01 48 a4 ot s <035
£ £ C
93_’ 14 g 14—
%I § 25 gl B
= 12 T2
10__ 20 10__
s 15 8
o 6
C 10 E
4 4=
C 5 I
2_— 2
_|||||||||>||||||||||||||||||]|||||||]||| 0 o_llllllIllllllllllllllllllllllllllllllllllll
—qOO -80 -60 -40 -20 0 20 40 60 80 100 -0.1 -0.0 0 0.05 0.1 0.15 0.2 0.25 0.3
Z_angle cam_t_prof_sigma
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PMT Reco & Analysis

6. Correlations

...We can also look at the distribution of angles

AL long®Z arghe a1 fangih >0 82 bl iongih < 14 S& DT ckacton b= 0 84 cam 1 ol g7 > 0.1 A cam 1 praf

sgma < 03]

£ C
i‘,5_’14_—
| -
s 25
12—
10l 20
8_— 15
6
C 10
=
C 5
oy
PPN PSRN AP ANEPITIN ANUPINN AN S ST AT i
Hoo 80 60 40 20 0 20 40 60 8 100
Z_angle

*batch1 dataset

gth

full_len

Al longcam ¢ prer “gma jlul_lengih >0 &8 Tul_iergth < 14 4 pmi dracien 1x 0 54 am 1 prol_ugma > 0.1 84 cam { ool sigma < 0.3}

III|III|III|IIIIIII|III|III|I

I Lol L) I 1111 l 111 1 I 1111 l 1111 I 1111 I 1111 I 1
.0 0 0.05 0.1 0.15 0.2 0.25 0.3
cam_t_prof_sigma

s
6._

-  Alphas of 7 cm length preferentially towards GEM and at high absolute Z. Similar for 5 cm

length tracks.

David M.
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PMT Reco & Analysis *batch1 dataset

6. Correlations

...We can also look at the distribution of angles

Al longZ angie lal langth 4 prot sigma < 0.3} Al longcam ¢ prer “gma jlul_lengih >0 &8 Tul_iergth < 14 4 pmi dracien 1x 0 54 am 1 prol_ugma > 0.1 84 cam { ool sigma < 0.3}

£ £ C

93_’ 14— g’ 14—

%I § 25 gl B

= 12 T2

10__ 20 10__

s 15 8

6 6

C 10 L

4:— 4_—

C 5 I

2_— 2
q_|||||||||||||||||||||||||||]|||||||]||| 0 o_llllllIllllllllllllllllllllllllllllllllllll
-100 -80 -60 -40 -20 0 20 40 60 80 100 -0.1  -0.0 0 0.05 0.1 0.15 0.2 0.25 0.3
Z_angle cam_t_prof_sigma

-  Alphas of 7 cm length preferentially towards GEM and at high absolute Z. Similar for 5 cm
length tracks.

Alphas at 4 cm length also see a big preference towards the cathode instead.
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PMT Reco & Analysis

6. Correlations

.... Can I confirm this? If I cut on the profile sigma
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PMT Reco & Analysis

6. Correlations

.... Can I confirm this? If I cut on the profile sigma

cam_t_prof_sigma {full_length > 0 && full_length < 14 && pmt_direction != 0}
|
htemp
Entries 75930
Mean 0.1019
Std Dev 0.0309

4000

3500

3000

2500

2000

1500

1000

500

||||||\I‘Illllll\\lllllll\l\lllll‘l\\l}ll

NN NN =Ry e
0 0.05 0.1 0.15 0.2 0.25 0.3
cam_t_prof_sigma
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PMT Reco & Analysis

6. Correlations

Lenght with absolute Z [~
m -~ cam_t_prof_sigma < 0.1
.... Can I confirm this? If I cut on the profile sigma - i
5 o cam_t_prof_sigma > 0.1
cam_t_prof_sigma {full_length > 0 && full_length < 14 && pmt_direction != 0} 0.8 —_ :
4000 ; htem|p :
C Entries 75930 =
3500— Mean 0.1019 _
- Std Dev 0.0309 0.6 - s
3000— E
2500 f— 04—
2000 f— =
1500 f— 02—
1000 ; =
500 E 0 e B
E 1 1 1 1 1 l L 1 1 1 1
0 \ ey S T 0 10 12
0 0.05 0.1 0.15 0.2 0.25 0.3 full_length

cam_t_prof_sigma

- When cutting the high Z tracks, the alpha component at 7 cm disappears.
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6. Correlations

... We can also look at XY angle, meaning CMOS-only analysis*
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6. Correlations

GEM plane

... We can also look at XY angle, meaning CMOS-only analysis*

XY_angle
htemp
1200 — Entries 69835
I, Mean -24.17
L Std Dev 103.5
1000 —
800 —
600 —
400 —
200 —
ol ol e L b Lo Lo L 1y
—200 -150 -100 -50 0 50 100 150 200
XY_angle

-  This shows a much greater amount of
track going downwards, which could be

from the resistors?
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6. Correlations

GEM plane
... We can also look at XY angle, meaning CMOS-only analysis* Apta 30, e 41506l 385,100
XY_angle
htemp 1
1200 = Ve 27
- Sube 1635 —>  Applying a cut on position: ;
a0~ Y_begin>30
500:_ 559 5 10 15 20 25 3 35
400; T I T T \X
200;
o_—ZICIO ' ‘—1|50‘ = ‘—1‘00‘ = I%OI = Itl) — ‘SIO‘ = ‘ﬂl)Ol = I1.":0I ' I2$0‘
XY_angle

-  This shows a much greater amount of
track going downwards, which could be

from the resistors?
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6. Correlations

GEM plane
... We can also look at XY angle, meaning CMOS-only analysis* Apta 30, e 41506l 385,100
XY_angle
htemp
1200 = o . .
- Sube 1635 —>  Applying a cut on position: ]
800 — Y_begin >30 wé
600:— 5;0 5 10 15 20 25 30 35
400; T I T T \X
ZOOi F
- r —— begin_Y > 30
Gl L e lid pEli pelaa pels peela gEvla pegd peds g 250— 7
o —200 -150 -100 -50 0 50 100 150 200 C
XY_angle -
200
-  This shows a much greater amount of .
150—
track going downwards, which could be -
100—
from the resistors? F
50—
=>  Checks out! - [T R R 1 ‘155)& '2(':?'
_angle
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Conclusions:
= 3D reco & analysis framework is built and working well for alpha particles.
€  Selection and cuts focused on alpha particles.
e  Application of the methodology for other types of particles is to be done!
- 3D lengthis a great variable to perform analysis on alpha particles since it doesn’t saturate like the energy
- Distribution of different angles indicative of source of alpha particles. To be deepened.

Next steps (From my side):

> (Mimac / Drift / Leubenstein / Flaminia’'s thesis) = For final results for my
thesis. Brief work.

> = Flaminia has simulated also the background alphas in LIME, without digitization. This is enough for me to
compare the statistics and eventually assess the accuracy of my analysis.

> = D. Fiorina has made a back of the envelope simulation of alphas in our gas. Digitization of these events can
confirm some of our results (like Rn alpha lengths) and test accuracy of CMOS:Analyzer for alphas (NB it was optimized for ER
directionality)

Other comments:

-  PMT simulation would be great to test and optimize the whole 3D analysis framework and to start optimizing it for lower energy ERs and
NRs! (...not for me...)
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Backup
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Energy vs. “absolute Z”

1600

1400

full_length > 4 && cam_t_prof _sigma > 0.1

————— full_length > 4 && cam_t_prof_sigma < 0.1
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m ~—— XY_angle {begin_Y >30}
i ' SN XY _angle {begin_ Y <6}
‘ l
80—
- i Jw |
60— : %
L i CMOS angle :
i | 1% u [| = e ~ begin_Y >30
. 1 i -
40— : R - ,
B il | ‘ 3 [ ‘ 1= ~ begin Y <4
- s | N a
20— :\(1 NN W Al 08—
B R (AN B 06—
0 1 l 1 XSSP a ¥a MO '[')'f“"l'l\l‘j *Mmh—u‘ K ' d .)'bl.( 1 l 1 :
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XY_angle 0.4—
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