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Definition

* The efficiency of a detector is given by the
fraction of events registered by the detector with

respect to the number of events hitting the
detector.

* In this analysis efficiency ¢ is defined as the ratio
between the number of events with a DQM
reconstructed track over the number of total
events detected by the telescope in a single run

N good track events
s =

N events



1.

Measurement aims

Checking LECC-02 telescope reliability at
ordinary working conditions (MC HV~18000 V).

Testing the efficiency of the middle chamber
after the transportation of the telescope from
the ground floor to the second floor (2017).

Introducing a software procedure to compute
chambers efficiency.



The way we worked

The whole measurement was performed in
one day, starting on Feb 13th 2019 at 9
a.m. and ending on Feb 14th at 10 p.m.

(5 students and two teachers alternated
themselves to take data)

Some preliminary operations had been
made on the telescope.



Preliminary operations

(the day before)

» Checking the level of gas bottles and the
right working of the telescope (including
GPS and weather station).

* Putting the HV in the middle chamber at
19,2 KV.

» Changing the DAQ address from c:\Data
to c:\Data\Efficiency.



Preliminary operations
(before taking data)

1) Computing the number of events per run
through the rate measured by DAQ, using
the formula:

number of events per run = average rate (Hz) » time duration(s)

2) Excluding the middle chamber from the
trigger with EEE GPS Combo VME Tester.
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File Edit Help

Station | Configuration

Output Directory Acquired Events

g C\Data\EEE 11960 |J

Comment

VWS Data: 2019-05-02 13:40
Indoor Temperature: 25,0 *C
Outdoor Temperature: -17,0 °C
5L Barometer: 1009 hPa

Binary File

Readout dela ‘ [
Fﬂ : |q¢, LECC-02-2019-05-02-00023.bin

Min Events per Run Runs

[ 50000 | ViauaRetan | [ © J
- _— L

.
L

=| 0Oms

Running...

Parameters should be set before pressing <START =

Current Time Start Time Stop Time

13:55:10 13:45:29 13:55:10
02/05/2019 02/05/2019 02/05/2019

1) Computing
number of
events per run

To get at least
50000 detected
events per run
we estimated a
number of 61500
events per run

This number
corresponds to a
duration of 25
min at the rate of
41 Hz as
measured from
DAQ at the first
run test.

For lower values
of HV we

gradually
reduced the
number of

events per run to
10000.




< EEE GPS Combo VME Tester P e

CAEN VME bridge GPS * Rate Count
fri———— = - —
Bridge Type nanosecond lat.degrees long.degrees Triple | 0
2 T - - :
E.': V1718 [| v} | U 0 | [| 0 | Double Top-Middle | 0
J J L z
Link second lat.minutes long.minutes Rt foyfatiom
1 1 1 Double Micldle-Bottom | 0
&1
B o | ] R :
4 J ingle Top | 0
Board Number day lat.thousandths lzng.thousandths Single Middie | [0
m IT‘ [| 1] | U o |J [| 0 |J Single Bottom | 0
—_ year Morth/5outh East/West FE2 Right-Top | 0
Base Address [| 0 | {l South | [| West | FEB Right-Middle | 0
= s S o
{1 0900 alfitude catelfites FEB Right-Bottom | 0
U = |" [| 5 |" FEB Left-Top | 0
TriggerTuput
N\ L J FEB Left-Middle | 0
-\ Double Top-Bottom | A . EERB |eft-Bottom |10
GPS A time (5]

Window (s) 0 ¥ |
= \ —

S \ | LogFile
status code i
@ 40

Start Time Computer Time

[»g RUN... } U Daﬁm] “ 055%9 H o EXIT

\
\

\ 2) Excluding the middle chamber

To exclude the middle chamber from the trigger we selected the double top-bottom
coincidences in the trigger output menu of Combo VME Tester.




Taking data

Changing the LV
input of the middle
chamber, by
variable steps, from
a maximum value of
4,5 to a minimum of
2,5V, we registered
total HV and current
In the middle

chamber from
General HV ,
pressure and

temperature from
the weather station.




georurnutﬁ LV middle(V) | Total HV middle (V) | Total current (uA) | temperature(K) |Pressure (mbar)
61500 4,5 19225 0,82 293,7 1018
61500 4.4 18814 0,57 293 1018
61500 4,35 18610 0,58 293 1017
61500 4,3 18404 0,62 293 1017
61500 4,25 18196 0,57 293 1017
61500 4,2 17987 0,65 293 1017
61500 4,15 17778 0,68 293 1018
61500 4,1 17580 1,1 293 1019
61500 4,05 17373 0,77 293 1019
61500 4 17168 0,72 292 1019
61500 3,9 16758 0,75 293 1020
61500 3,8 16335 0,86 293 1020
61500 3,75 16124 0,85 293 1020
40000 3,5 15066 0,83 292 1020
40000 3,25 14028 1,04 292 1020
20000 3 12954 0,9 292 1021
10000 2,5 10828 0,64 292 1021
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Data analysis

« At first we have corrected the working voltage, which
depends on environmental parameters such as gas
temperature (T) and pressure (P), computing the
effective voltage Veff, according to the equation:

Py
v Vs
eff =V 3 T

V is the applied voltage  P,=1010 mbar T,=293 K

This correction, relevant to take into account different run

conditions, results in an average decreasing of 1% of HV

values. 11



Efficiency

We computed the efficiency of

middle chamber as the ratio total number of events with a track
between the total number of c =
events with a track and the total number of events

total number of events as
reconstructed by CNAF and
registered by DQM.

HECC-02-2019-02:13-00007 1513, eyl dinied LECC-02-2019-02-13-00007 | 313 et Ak
'ﬁ‘ :l I T T T T T T T T ',: D‘ -I I T T T T T T T T |-
S 90F H = i
o = = v B A
o = = T
= 70 = c 08 L ]
= = 3 = 13 -
3 eof 2 O o ]
2 5E q & 0o o
= = = @
@ C i > r ]
3 40F 4 & I —
s E 3 5 04 B ]
6 30F 4 ¢ 1
b " G L ahfinanan o o= K= 3 ]
20 = 5] L. 5
g 0: = § 0'2_ -
10F- 4 = [ 1
= p I ; A " . = A | i i i ; | A i 1]
13/02/19 13/02/19 13/02/19 13/02/19 13/02/19
11:20: 11:30:00 11:40:00 11:20:00 11:30:00 11:40:00

« DST file path: /home/analisi/tempNewAnalyzer3/LECC-02-2019-02-13-00007 _dst.root
+ Unique run idenYifier: 25442600007

+ Smallest event tinestamp: 382450652.715 s UTC

e larges 3 ~32452083.961 s UTC

uration (largest - smallesStsiggestamp): 1431 .246 s

Total number of events: 58616
« Number of events with hits: 40661
o Number of events with a track: 3563
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Where is the plateau?

We plotted this efficiency vs
Veff, getting the typical
distribution with a knee
between 17 kV and 19 kV, the
voltage at which we expect a
plateau.

This value of the efficiency is
not an absolute value because
in our case the count of the
double coincidences IS
overestimated in comparison
with the real number of particle
tracks in the telescopes.

Infact, in our trigger
configuration, without the
middle chamber, the track is
reconstructed simply matching
two hits: this is the reason why
the plateau cannot be seen in
this plot
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A better analysis

Dr. Panetta reprocessed our
data at CNAF with a different
technique, based on the search
of double coincidences
producing clusterization in two
adjacent strips in both chambers

trigger

Double-coincidence trigger:
clz2 | c13 | c23

This procedure reduces the total
number of reconstructed tracks
to the 2% of DQM value, but also
reduces the background noise
and gives us a better plot, clearly
showing a plateau starting from
18 KV.
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More measurements

Collecting more data, we also analyzed an
estimate of the dark rate, here defined as
the ratio of the difference, between
number the TDC bin 0 counts in the
middle chamber and the number of TDC
bin 0 counts in the other chambers, over
the total number of events

TDC MC 0 counts — TDC TCor BC 0 counts

total number of events

dark rate =
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Counting TDC MC 0 bin events

Channel Distribution | Tim arameters |

TDC1A - BOTTOM Chamber I'Nig TDC1E - BOTTOM Chamber 1 Left TDC1C - TOP Chamber 3 Right TDC 1D - TOP Chamber 3 Left

50000 - 55000- 55000 -

We chose the
maximum value
between these
two counts
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Binary File Events Read
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Counting GPS events

Channel Distribution | Timirlle(ers |
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Binary File

Events Read

|“,, C:\Data\EEE\PUNTQDILAVORO130242019-02-13\LECC-02-2019-02-13-00015.bin

9! All Events
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The maximum
number of
events
counted in
multiplicity
TDC
distribution in
top and bottom
chambers is a
good estimate
of the number
of GPS events

(this
hypothesis has
been tested by
comparing this
number the
same number
got from EEE
viewer results)



countsTDC right counts TDC left counts bin 0 max TDC-GPS dark rate veff
14976 15613 3000 12613 0,20509 19119,5
17324 18120 2951 15169 0,24665 18666, 1
18911 19737 2864 16873 0,27436 18481,9
20813 21718 2890 18828 0,30615 18277,3
22870 23797 2868 20929 0,34031 18070,8
25132 26238 2836 23402 0,38052 17863,2
27021 28100 2864 25236 0,41034 17638,3
29737 30942 2846 28096 0,45685 17424,7
31348 32725 2932 29793 0,48444 17219,6
34400 37219 2945 34274 0,5573 16958,3
40649 42740 2944 39796 0,64709 16593,7
47383 48532 2946 45586 0,74124 16174,9
50269 51629 2968 48661 0,79124 15965,9
38331 38491 1960 36531 0,91328 14867,4
39666 39706 1954 37752 0,9438 13843,1
19996 19971 990 19006 0,9503 12770,7
10004 10004 496 9508 0,9508 10674,8
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Dark rate and efficiency vs V
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Superposing dark rate plot

over the efficiency plot .
shows the expected

06 —correlation between them:
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Current checking

We also plotted the total
current as a function of
the effective voltage.

The plot shows as the
current (more or less)
decreases when the
voltage increases.

But there are Dbig
fluctuations in its value,
maybe because of the
quick fluctuations of the
current values during
the data taking.

Current (nA) vs V (V)
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Measurement conclusions

1. The ordinary working point of LECC-02 is well
chosen if compared with the plateau in the plot
at slide 14.

2. The efficiency of the middle chamber is good at
the working point (more than 90% from 18KV of
HV value in MC).

3. This software procedure can be replicated, for
both efficiency and dark rate measurements, by
most of the telescopes installed after 2017.
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