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Introduction
● Goal: validation of LArSoft analyzer modules devoted to reconstructed HNL data selection by means of Monte 

Carlo production.

● As a first step, it is essential to demonstrate that the True information generated in LArSoft is compatible with 
the input from the flux files (thanks to Josu & Salva): HNL flux files.

● To do so, reconstructed HNL decay properties are obtained with GenTruthHNLProtoDUNE_module.cc.

● Target HNL decay properties are:
○ Vertex position in all planes.
○ Four-momentum for all decay products (2 or 3 body decay).

● For this study, 1000 HNL → µ-π+  Monte Carlo samples from events_246MeV_fromkaon_wnp04.dat, generated 
by Parshathi, were used.

● Cosmics (CORSIKA) and radiological backgrounds are also included.

https://cernbox.cern.ch/files/spaces/eos/experiment/neutplatform/protodune/bsm
https://github.com/ProtoDUNE-BSM/pdhdbsmanalysis/blob/1c38582f835f484b53c567a1ef77df2fe554f7e8/pdhdbsmanalysis/GenTruthHNLProtoDUNE_module.cc
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True information: HNL vertex position

● Total coincidence for the 
decay vertex.

● All values contained in the 
active volume boundaries.

● Caveat: Z-coordinate in flux 
files must be shifted 460/2 
cm to match the LArSoft 
frame.
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True information: HNL vertex position
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True information: π four-momentum

● Perfect match for both 
decay products: π & µ.

● Four-momentum values 
correspond to the 
laboratory frame.

● Decay products boosted 
along the beam direction.
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True information: µ four-momentum

● Perfect match for both 
decay products: π & µ.

● Four-momentum values 
correspond to the 
laboratory frame.

● Decay products boosted 
along the beam direction.
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True information: time distribution
● Events centered at 0 ms, as expected for the signal.



Radiological backgrounds
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True information: radiological distribution
● Radiological backgrounds uniformly distributed in the LAr volume (beyond the active volume boundaries).

● Each radiological activity (in Bq/cc) is given in radiological model fhicl. Is it the expected for 1000 HNL decays?

https://github.com/DUNE/dunesim/blob/develop/dunesim/EventGenerator/Radiological/dune_radiological_model_decay0.fcl
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True information: radiological activity
39Ar 42Ar 42K 85Kr

Activity 
(Bq/cc)  0.00141 1.283768e-07 2.567536e-08 0.00016

Expected 
events 4491329 409 82 509654

Parameters:
● ρLAr = 1.396 g/cc.

● mLAr = 724.224 tons.

● Twindow = 6.14 ms.

Radiological activities seem 
congruent with the simulation.
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True information: time distribution
● Twindow = 6.14 ms, [-3.07, 3.07] ms.



CORSIKA
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True information: cosmics distribution
● In principle, according to CORSIKAGen_module.cc, pregenerated cosmics are propagated downwards from the 

ceiling of the cryostat: 725.069 cm for PD-HD.

● If the propagation crosses the buffer box, the cosmic is generated. To determine the exact height, pregenerated 
particles are back-propagated to ProjectToHeight (865 cm in PD), yet they may cross the world boundaries before.

https://github.com/LArSoft/larsim/blob/9bc744a8479a55e2444b0450edc85dc35b0f3dbc/larsim/EventGenerator/CORSIKA/CORSIKAGen_module.cc
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True information: cosmics distribution
● In principle, the expected generation height range would be [725.069, 865] cm.

● X & Z distributions exhibit two peaks at the extremes, corresponding to the world boundaries: ± 1870.2 cm.  
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True information: cosmics distribution
● Cosmic events that do not reach the 865 cm are eventually generated at the world edges in the XZ plane: ± 1870.2 cm.

● However, 2.75 % are generated below the cryostat ceiling (725.069 cm). What is the reason?
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True information: cosmics distribution
● ShowerArea region extends beyond the world boundaries, but MC particles are compelled to be generated within them.

World

World ShowerArea

X range (cm) ±1870.2 [-2391.52, 2463.52]

Z range (cm) ±1870.2 [-2193.85, 2661.19]]
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True information: time distribution
● Twindow = 6.45 ms, [-3.325, 3.125] ms.
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Conclusions
● Seamless implementation of input from flux files into the LArSoft framework.

● Cosmics and radiological backgrounds also included in a proper way.

● Per HNL decay generated in LArSoft, it is expected:
○ 765 ± 50 cosmics pointing to the cryostat + buffer region.
○ Radiological decays in the LAr volume:

■ 39Ar: 4490 ± 70.
■ 42Ar: 0.4 ± 0.6.
■ 42K: 0.1 ± 0.3.
■ 85Kr: 511 ± 23.

● Next steps are the following:
○ Analyze the reconstruction of this HNL channel decay, also considering a trigger algorithm.
○ Generate and reconstruct MC samples from a clean channel: HNL → µµ𝛎.



Backup
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