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Introduction of DUCK system

* The project goals

development, design and construction and deployment of core modules of DUCK (Detector
system of Unusual Cosmic-ray casKades) [1, 2]

The project will involve computer simulation activities, design and construction, data
acquisition system design, data collection and analysis, allowing participation of students
pursuing not only Physics but also other STEM fields, such as Chemistry, Engineering and
Computer Science. The project will extend the research potential and facilities at CSU and
support efforts to develop physics major based on existing minor degree, support the newly
proposed engineering technology major.

* DUCK system is aimed

To study the Extensive Air Shower (EAS) disk thickness as compared to CORSIKA [3]
simulations

To join the efforts in the search for the Cosmic Ray Ensembles [4]

To further study the latest advances in the cosmic-rays by other detectors [5] in the field of
unusual cosmic events [6].



EAS structure reminder [1, 6]

-_EAS Disk width (pulse width) Unusual Events

T.ns 0 5 Peak# | Delay | T,4ns p;_B
o o 09 ns #/m?2
700 EAS Disk Width o ] - T T 5
10%ev g 08 3
600 5.107eV = 2 265 34 256
500 ; %8”% % 06 3 720 31 187
N 4 894 31 52
400 a 3 1493 35 339
T 04
300 S 4
200 g 02 1
£ o
100 z 01 K (\
0 I a e PP
0 100 200 300 400 500 600 700 800 900 R,m 0 100 200 300 400 500 600 700 800 900 t1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 tns
, NS
* The EAS Disk Width plot contains:
o o 1.0 Peak#
* experimental data (blue dots —first pulse I O I I O A I B I L
width, red — second pulse width) for 2 o s T T I T N TS
. E Pos,#/m2 | 77 15 99 123 97 794 | 269 67 71 85 66
unusual bimodal events (2 peaks) 5o
. . . . 06 7 ( 3
* the EAS disk width from the simulations 3 S
for different E, (solid lines) % L peaksl-i
 Expectone pulse in detector response from 7;
g = 8
EAS disk passage 24, 5 .
« Unusual events — more than one pulsein || \ ) L

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 tns

multiple detectors. t,ns



Current Hardware Choice

LV power supply

Scintillator

Function
generator

WLS Fiber |

A total of 4 modules is planned initially, 1x1m.

This allows to use the chronotron method

that is the time difference in EAS arrival at each
module, to determine the arrival direction of the EAS.

Each module would be calibrated to provide
the particle density

Fast response of each module makes possible
to record waveform of the signal to look for the
unusual events

CAEN DT5730 FADC is used, with 14-bit
resolution and 500 MHz digitization

Hamamatsu H11284-30 (former R7723)
PMT is chosen — large area and fast pulse
combination

MPPC + WLS fiber for MIP calibration of each
module

LED for PMT gain monitoring and single
photon calibration



Paddles and Prototype Module

— * For double-coincidence scheme

» Two simple detectors are needed

+ Simple detectors — paddles

detector modules.

 Placed above and under the module under testing.

* flat piece of the scintillator 2.4mm thick + PMT. The square
part of the paddle being about 25 x 35 cm.

* Form the hodoscope for the cosmic muon calibration
coincidence scheme. Same model PMTs are used for the

Shown are the completed
paddle and the layers
exposed. The PMT
connector part is 3D-
printed. The scintillator is
covered by Tyvek for
higher light yield.
Additionally, aluminum
foil, insulation tape, and
duct tape were added for
both light insulation and
structural support.



PMT Initial Calibration

°_Characterization of the PMTs

* optimal voltage and threshold combination for efficient cosmic ray
detection for each individual detector.

 This calibration 1s done by connecting each detector (prototype and each of
the paddles) to the event counter (oscilloscope) and measuring the event
rate at different voltages and thresholds.
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Tyvek lining and pulse width 1

* |nitial module prototype (0.5x0.5 m) had all
inner walls lined with Tyvek

* 2.4mm of plastic scintillator was used (POP
and POPQOP)
e LI a0 o Testwas done with external trigger
w0 Y ‘osars (paddles above and below the module).
) * Areais measured as integral under the
pulse
of Mg, * Fitted with Landau.
e * Pulse width measured - very large,
multiple reflections within the detector [8]
g BTE] gk : g,y o Total pulse is measured as
80% . ke LEE e 500 R time between 10% and
e - s} 80% of area. ‘Rise’ time —
\ i between 10% and 50%.
e y il i N Reduces noise and pulse
- ; == X Py tail effects (tail can be
7 ;\ W U long due to RC effect in
1: - "E/’/ 20 25 30 ‘\\T{E B 6/‘:/// 0 10 12 14 \‘\iié\ — 18 10ng Cables)



Tyvek lining and pulse width 2

* |nitial module prototype had all inner walls lined
with Tyvek

* 2.4mm of plastic scintillator was used (POP and
POPOP)

* Inner walls were painted black to reduce reflections

goa, wmoee o The signal loss is
3 B very dramatic,
| however, its still
ossible to do the
AN IP calibration
il N and the dynamic
Ef T range 1s
H e T increased.
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Tyvek lining and pulse width 3

* |nitial module prototype had all inner walls lined

s 22/ ndf = 298.3 / 338 with Tyvek

s Constant 210 7.1 * 2.4*2=4.8mm of plastic scintillator was used (POP
£ MPV 695.8 + 6.9 and POPOP)

* % Sigma 147.7 £4.0

* Inner walls were painted black to reduce reflections
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Software Controls

- o
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and graphics capabilities

« ROOQT file format 1s used to save data

* Zip compression, events capability, easy event retrieval.




Conclusion

* The lab capabilities for the research have been established
and students are involved in all steps of the process

* The prototype module has been constructed and in he
process some corrections were added to the initial design

* The completion of the testing with the prototype will overlap
with main module construction start

* Software has been completed for the ADC control. Data
analysis will follow. Simulation activities are starting.

 Datais placed in the repository at
https://sos.clayton.edu/DUCK/



https://sos.clayton.edu/DUCK/
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