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The start of 
Cosmic Ray 
Research 

• Victor Hess first discovered 
cosmic rays through a series of 
balloon experiments from 1911 to 
1912. These experiments marked 
a significant milestone in our 
understanding of cosmic 
phenomena.
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Extensive Air Showers
and 
Delayed Particles
• From 1927 to 1929 Dmitri 

Vladimirovich Skobeltsyn discovered 
cosmic rays are high energy 
particles[1]. 

• Shortly after Pierre Auger concluded 
that these particles generated a 
cascading shower of particles.
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Previous Work Done

• Horizon T
• Similar system to DUCK with eight detection points
• High altitude 
•  Makes use of Hamamatsu R7723 PMT with a secondary 

trigger detector[2]

• CREDO 
• Global Collaboration
• Our system is scalable for potential large-scale 

deployment.

4



Motivation for continued research in this area

• Discovery of what causes this delayed particle effect.
• Discovery of what are these particles.

• DUCK system aims to act as a verification of work from the 
Horizon T detector system

• Contribute to the CREDO collaboration 
• Design with nanosecond time resolution for cosmic events 
• Study of temporal structure of Extensive Air Showers
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Simulation to Support Design

Figure 1. Number of particles arriving at the observation level per 2 
ns bins for the virtual detectors placed at various distances from the 
shower center. Parent particle is 1017 eV proton, vertical.[3].

Figure 2. The dependence of the shower disk arrival time on the 
distance from the center for the same shower as in Figure 3. The fit 
function used is p0 + p1x + p2x2[3].

6CORSKIA* Simulation used to produce model



Initial Layout

Scintillator LED

PMT

MPPC

HV power 
supply

LV power 
supply

ADC

Function 
generator

Allows for charged 
particles to be detected

Coverts signal from 
PMT and secondary 
sensor to digital 
signals for analysis

Can be used for MIP 
calibration using 
coincidence triggering 

To be used for 
calibration of 
sensors

Main detector for light 
from high energy particle 
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Equipment and Material Used 

8



Characterization of 
Photomultiplier 
tubes and “Paddles” 

• Done to find the optimal voltages and thresholds for 
detecting cosmic events.

• Measured the log of frequencies and plotted them 
against the threshold and identified “plateaus” where the 
noise is reasonable, and detection is at its highest.
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Characterization of the Photomultiplier 
Tubes
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Construction of Prototype Detector 
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Current Setup
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Data Collection
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• Data was collected and 
converted through the analog-to-
digital converter (ADC) into ROOT 
for data analysis. 

• Example fit using Landau 
function in ROOT is shown



Drawbacks/ 
Challenges

Silicon Sensor displays limited range, needs 
WLS fiber as a possible fix

Noise from detector needs to be mitigated
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Future 
Considerations for 
Prototype

• Construction of 3D printed 
sensor stand for a PMT to 
improve mechanical strength.

• Reducing reflection of light 
within the detector housing to 
potentially mitigant noise.

• Inclusion of fiber optic 
attachment to MPPC sensor.
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Future Goals

• Four large detectors to form the DUCK System 
• Allows for scalability and mass deployment

• Replicable with little cost for mass use in CREDO Collaboration
• Confirm Results from Horizon - T  
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