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! This work: 
Lower the energy threshold for the cosmic 
ray spectrum of IceTop 

(~2 PeV             250 TeV).

! How? 
! Use dense array of the IceTop detector.

! Use air showers that hit a smaller 
number of tanks.
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Motivation
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! 81 stations
! 2 tanks/station, 2 DOMs/tank
! Distance between stations: 125 m
! Denser infill arrays for lower energy 

Detector: IceTop
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! Trigger Condition:
! 4 tanks within 60 m radius are hit in 200 ns time window.

! Data collection started on May 20, 2016.

! Total duration:  ~330.43 days.
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New Trigger
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! Random Forest Regression (RFR) is used for reconstruction of core position (X, Y), zenith angle, 
and energy.

! CORSIKA simulations are used to train the RFR.

! Energy prediction uses reconstructed X, Y, and zenith angle. 

! Major features for energy prediction are charge on hit tanks and their distance from the core.
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Reconstruction
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! hitX/Y= x/y-coordinate of hit tanks

! hitT    = time at which tanks are hit

! hitQ   = charge on hit tanks

! hitR   = hit tank distance from core

! Θpl      = plane shower front zenith

! Θpred   = predicted zenith angle

! avgZsc = average tank distance from 
shower plane.
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IceCube Preliminary

Reconstruction: Feature Importance
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Resolution
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! Composition model assumption 

(+6.3 , -7.4%)*

! Unfolding method (+/- 3.24%)*

! Effective area (+2.2%, -3.6%) *

! Atmosphere (+3.5%, -2.9%) *

! Total (+7.4%, -8.6%) *

* Upper and lower bound.

Systematic Uncertainty
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Ramesh Koirala
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ΔN(E) = energy histogram after unfolding
ΔlnE = energy bin width in natural log
cosθ1     = 1.0
cosθ2     = 0.9
Aeff = Effective area
T         = 28548810 s (~330.42 days)

Cosmic Ray energy spectrum (Flux) is given by

Energy Spectrum



Result
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Result
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! Developed and implemented a new IceTop trigger to collect lower energy air 
shower events.

! Implemented a machine learning technique to do air shower reconstruction. 

! Successfully lowered the energy threshold of IceTop to 250 TeV.

! Result is comparable to energy spectrum from other experiments.

Summary
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Backup
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Data-MC Comparison
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Data-MC Comparison
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! n(Ei) is the histogram of reconstructed 
energy.

! Iterate until consecutive output energy 
spectrum does not change.
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IceCube Preliminary

Iterative Bayesian Unfolding
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! Implemented in pyUnfolding package [J. Bourbeau and Z. Hampel-Arias, arXiv:1806.03350]



Pressure Correction
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IceCube Preliminary
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Snow Height
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