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INtroduction

e Overview of studies performed on the entire camera and on 10 modules equipped
with new FEBvVG

o All tests performed in the testbench in CEA, Saclay

Timing performance Verification of FEBv6
e Single pixel timing precision * Deadtime
o PMT transit time e Single pixel timing precision
e (Global camera timing precision o | inearity

e Camera trigger timing accuracy
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L Ight sources

Flat-Field Calibration Laser Night Sky Background
(FFCL)

-
‘ TiCkS module associates
UCTS timestamp to the
triggered signal
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TOM calculation

Measure of the reconstructed signal arrival time of the pulse =
temporal position of the pulse maximum in the sampled window

200
calculated for each wavetorm
and each pixel

e 2 methods used:

* |dentifying the position of
the largest peak of the
waveform using the function
scipy.signal.find peaks

e Time of Maximum (TOM) fs
|

150

ADC counts
—
o
o

® data

linear interpolation

X scipy.signal. find peaks

Gaussian fit

e (Gaussian fit of the largest | | |

30

peak of the waveform Time [ns]

Federica Bradascio Performance tests of the NectarCAM, a MST camera for CTA




Timing performance



Single pixel timing precision

Requirement: the RMS uncertainty on the mean relative arrival time in
all pixels does not exceed 1 ns for amplitudes > 20 photons (5 p.e.)

lllumination charge [photons]

101 102 103

e Camera illuminated by the laser source ol Quantification RMS noise

at a frequency of 1 kHz and intensity T $ scipy.signal.find peaks

between 8.0 — 20 nW (1—200 p.e.) 5 1257 ¥ Gaussan fit

, , _ -Z—i 100k~ 2 __ CTA requirement

® [Ime of maximum of each pulse for = - . .

each pixel is measured using both 5 075}

= ®

methods ch 0.50 | ~
® \Veighted mean of the RMS over all the  F o0.25¢ .

pixels 0.00

101 10
lllumination charge [p.e.]

Single pixel timing precision < 1 ns between 10 — 1000 photons
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PM I transit time

ITranster time of the electron avalanche in the PMI, depending on the
high voltage applied to the dynodes

e Each pixel works at a different HV 2> Fx) = aVX 4 b
to have the nominal gain of 40000 24 L  a=(627.79+ 4.64) ns VV
— PMTs introduce different delays 6=0.60x0.16ns
creating an offset between pixels — 237 X°=0.28

* [t can be corrected at the analysis =, |
evel <§

e Measurements: PMT set to the 211
same HV and illuminated with ol
FFCLS

e it performed for each pixel 19 |

700 750 300 850 900 950 1000 1050 1100
High voltage [V]
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PM I transit time

Before PMT transit time correction After PMT transit time correction
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The TOM of each pixel is shifted to the value of the fit at 1000 V
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Global camera timing

orecision

Requirement: the RMS of the At for each pair of pixel has to be < 2 ns
for an illumination of 5 p.e. and background level of 0.125 p.e./ns

T correction: o =776.00 +0.40 ps

T correction: 0 =218.40 £+ 0.10 ps

1 w/oPMT"

e Camera illuminated with laser source w/ PMT"
at ~20 p.e. 75|
 TOM for each pixel and each event 1.50F
'S calculated _125p
. o 4“5) 1.00 |
* At for each pair of pixel is calculated g |

with and without PMT transit time

. 0.50 - —
correction ‘J_,_l"_li LL'—LI_'_‘
0.25
e At reduced from 0.77 ns to 0.22 ns 0.00 - ' ' | |

-4 -3 -2
Mean
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Camera trigger time accuracy

Requirement: the RMS uncertainty on the trigger timestamp for an illumination of
200 p.e. and a background level of 0.125 p.e./ns has to be < 5 ns

e Camera illuminated with laser source llumination charge [p.e.]
with intensity between 2 — 50 p.e. N _
e For each measurement the start time of £ ' CTArequirement o
the laser flashes are recorded with a S 4r
TiCkS board: 5
At | — ¢ ¢ % 3r + Atricks = tucts — tiaser
TiCks UCTS - Hlaser 0 Atycrs = (tucts,i — tucts,i-1)/V 2
* Distribution of the time difference of 2 £ 2y
consecutive events giving an upper Imit g
on the accuracy of the timestamps fora &11
periodic input signal: ~ |8 - T
2
AtUCTS — tUCTS,i o tUCTS,i—l lllumination charge [phoigns]
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Verification of the FEB v6



Front End Board version 6

Preseries FEBv6O using NECTAr chip v3

e 10 FEBV6 installed in the NectarCAM |
camera

0.5

 FEBVO preseries verification
* 3 parameters have been verified: = 00f

o | inearity

—0.5F

e Deadtime

—1.0F

* [Iming resolution

-1.0 —0.5 0.0 0.5
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FEBVO deadtime

Goal: show that with new FEBVG the deadtime is < 5% at 7 kHz trigger rate

e Deadtime measured for different
voltages using 3 random Sources:

e FFCLS + random Poisson generator
e | aser + random Poisson generator
e NSB source

e Ft of the AT between two
consecutive events for each
measurement

e [t results compared to deadtime
values from camera server
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FEBVO deadtime

Deadtime is not dominated anymore by the NECTAr chip

pl :H{ﬂj W
0 | T LAl RS [ 1
5 | Deadtime=~0.7ps |~ |_- [ \ ‘ |
5 > gL

| | L |
10°F T {1 Do

101 109 101
AT [us]

Combined deadtime using three sources: 0.745 = 0.001 us
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FEBVO deadtime

103 ¢
—o— NSB source + AT exponential fit
NSB source + camera client
, —e&— FFCLS + random generator + AT exponential fit
10°E FFCLS + random generator + camera client
—o— |Laser + random generator + AT exponential fit
g Laser + random generator + camera client
o~ 101_
)
-
=
B 100
o 10°F
O
10—1_
10—2 | | | | | |
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Collected Trigger Rate [kHZ]

The deadtime of the new FEBV6 is < 5% at 7 kHz trigger rate
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-E=BVO single pixel timing precision

lllumination charge [p.e.]
101 10

I | I I | | I I | I

Quantification RMS noise
~ ¢ scipy.signal. find peaks
o Gaussian fit

e Requirement: RMS uncertaint
on the mean relative arrival tinr
N the FEBVO pixels < 1 ns for

amplitudes In the range 20 to
2000 photons.
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CTA requirement
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e TOM calculated for each pixel
for 11 laser intensities using
both methods

O
-
|

Average mean TOM RMS per pixel [ns]
=
o

10! 10° 10°
lllumination charge [photons]

The mean rms per pixel is below 1 ns for a uniform illumination
with amplitude above 20 photons
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-EBVO lInearity test

Goal: to show that the light measured by the new FEBVG
IS linearly proportional to the input light

e | Inearity describes the ou

Ul

distortion with the increasi
incident light intensity at a
gain

ng of the
given

e |ight inputs are created by the

FFCLS at 15.5V and a set of 6

absorptive Edmund fil

d Cd

iNter

ers 1o obtain

ibrated fraction o
Sity
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" the flasher

True charge [p.e.]
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Average charge over all pixels
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True charge [p.e.]

In order to convert the reconstructed and true charge into units of p.e., it is
necessary to correct for the high gain — low gain ratio
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Federica Bradascio

High Gain / Low Gain

(Gain ratio linear fit

Weighted least square fit performed in the linearity region to obtain the HG/LG ratio
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-EBVO lInearity test
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Conclusions

Timing performance

e Single pixel timing precision < 1 ns for incoming light of intensity between
~ 10 and ~ 1000 photons

e PMT transit time correction of each pixel calculated and saved in database

e Global camera timing precision is 0.2 ns after correcting for PMT transit
time effect

e [Iming accuracy coming from the camera trigger timestamp relative to
ight arrival time iIs  below 0.5 ns

e Paper in NectarCAM collaboration review
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Conclusions

Verification of FEBVO

* | inearity test shows that the FEBVO response Is linear better than

—

5% on more than 3 decades

| " -

e Deadtime of the FEBvO is 0.745 +/- 0.001 ps

e Single pixel timing precision of the FEBVO Is below 1 ns for light
llumination above 20 photons

e Paper In preparation
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