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Cosmic ray measurement at CTAO COLLABORATION

TeV-PeV

e Mass composition of
TeV-PeV Cosmic Ray (CR) O cuET
is crucial to understand the 4 8 | e T b !
acceleration mechanism e Hess Tfﬁzpqﬁj %gr,ﬁﬂ .
and source of Galactic CR P ':3 % >
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Cosmic Ray Iron spectrum
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c O COLLABORATION
Direct Cherenkov technique

e Cosmic ray particle itself emits Cherenkov light (Direct Cherenkov: DC)
before the first interaction

o DC light e«<Z2: Iron DC is very bright (1000-3000 pe) and the pulse can be saturated
o Emitted photon (DC and/or shower) can be more than 10 pe at high energy CR
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LST camera

CTA\O ‘ COLLABORATION

265 module/camera
PMT module 0.1°/pixel

é'.ﬁ';t 7 PMTs g'OVf' dc°“"°' Readout Board
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® c TA IC-JSOTLLABORATION
Charge Integration

LST camera 4 .'a "’"4 Pulse waveform
(1855 pixels) ' (single pixel)

: 40 ns
0¢..¢ .00

8 ns Time

Voltage
(ccPMT current)

Default

8 ns (8 samples) charge integration
around the peak position



PY CTAO IC-:SO-I-LLABORATION
Saturation effect
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Default Time - Charge can be underestimated
8 ns (8 samples) charge integration - Data-MC matching is also essential
around the peak position (MC: pulse is just clipped)

Scope of this presentation:
1. Check behavior of the saturated signals with test pulse

2. Verify how to correct saturation with calibration laser data



Signal line

2 different gain channel for a wider dynamic range
High Gain: upto 100-200 pe, better bandwidth (300 MHz)

for better separation between NSB and Cherenkov signal

Low Gain: upto 2000-3000 pe
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Pulse shape at each step

c TAO IC-)SOTLLABORATION
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Oscilloscope: MDO3054 (Bandwidth: 500 MHz)
Differential probe: TDP1000 (Bandwidth: 1 GHz)
Average mode (2.5 GHz sampling)

DRS4 data (GHz sampling)

1000 events average



Rel. diff. w.r.t. fit

pulse height [V]
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Fitted with a linear function
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Test pulse intensity [corresponding p.e.]

c TAO IC-JSOTLLABORATION

DRS4 pulse height is affected by

e Amp. saturation
e Clipping due to DRS4 input
voltage range

1.5
—— Mainamp
—— DRS
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pulse width [ns]

Pulse width

Time-over-threshold@0.1 V
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Test pulse intensity [corresponding p.e.]

c TAO IC-JSOTLLABORATION

Mainamp output

T S36pe.
W, SIS — Data

'; ....... Expected
£ 051 (Model)
>

-5 0 5 10 15 20
Time [ns]
Once the pulse is saturated,
pulse width is getting wider
w.r.t. the expected width.

Pulse peak position should be

corrected as well.
10



integration [V x ns]

Rel. diff. w.r.t. fit

Charge

Full waveform integration above 0.1V
12
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full waveform integration
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For a saturated pulse, it is important to

integrate the whole pulse waveform
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Test pulse intensity [corresponding p.e.]
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Test with calibration laser

%

ADC

Calibration laser data were taken with LST-1 camera
Laser intrinsic pulse width is wider than test pulse width

PMT response is also included in this measurement
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1000 A

Waveform

Different
filter

Pulse height [ADC]
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CTA\O ‘ COLLABORATION

Pulse height
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upto 3.5 x 104 pe

+*"  DRSdata
+ ¢ Single pixel
+ 1000 events average
10 102 10° 10

input pulse [p.e.]
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Linearity (charge)

e Linearity < 10% upto ~8000 p.e. with the standard 8 ns charge
integration (Data-MC matching is still needed though)

Input vs output charge Relative difference w.r.t. fit
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Linearity (charge)

Input vs output charge

Integrated charge
(relative difference w.r.t. fit function)
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Relative difference w.r.t. fit
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103 104
input [p.e.]

Charge recovery can be possible at least below 3.5%10% pe
(2-3 times larger than the standard charge integration method)

14



Reconstructed charge [p.e.]

° ® c TAO IC-JSO-I-LLABORATION
Linearity (charge)

Input vs output charge Relative difference w.r.t. fit
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DC light: standard integration can recover charge, but data-MC matching is needed

CR events (>100 TeV) can contain pixels with intensity>10* pe, which can be recovered
with pulse waveform integration 15



CTAO IC-DSO-I-LLABORATION
Summary

Signal saturation can affect cosmic-ray measurements with the LST
DRS4 pulse height is affected by amp. saturation & clipping due to DRS4
input voltage range

The pulse width becomes wider than expected once the pulse height is
saturated

As a result of these effects, no plateaus are observed in the charge (time
Vs voltage) linearity plot.

s Mainamp output 15 DRS4 data

A broken-linear function 536 p.c. 536 p.c.

can be used for saturation 5“" g“"

correction upto 2-3 x 10* pg*s| L -

(2-3 times larger than usual) oo} Nomm] 00/ N
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