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Outline

● Background
● Overview of the light dark matter search 
● My project/ goals for the summer
● Some background on the production and scattering 

of light dark matter
● Details of the Monte Carlo simulation BdNMC
● What I'm currently working on 
● Next steps 
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Background on light dark matter 
search at T2K

● T2K is a long baseline neutrino oscillation experiment

– > Fixed target proton-proton collisions at J-PARC produce 
neutrino beams (through a chain of reactions)

– BUT the proton-proton collisions also produce DM particles 

– DM particles travel from J-PARC to the T2K near detector (280 m 
from J-PARC) and continue to the far detector 
(Super-Kamiokande: 295 km from J-PARC).

– We can also detect the DM particles through their interactions 
inside the detectors.

Dark Matter also travels from J-PARC to SK 
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Overview of the light dark matter 
search 

- Want to understand:

- how many χ particles are (eventually) produced from 
the fixed target proton-proton collisions at T2K

- how many propagate to the near detector and the far 
detector

- how many χ particles interact inside the detector 

- what an interaction would “look like” in the detector (i.e. 
how the PMT's react to the de-excitation gammas from 
the scattering of the χ particles off nucleons inside SK) 
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My project

-Study the detection signatures of the dark matter particles at 
Super-K

- BdNMC: Monte Carlo simulation code from Patrick deNiverville 
et al. from Uvictoria

       → simulates the production, propagation, and scattering of 
these light dark matter particles inside a detector (user inputs the 
properties of the detector and other parameters)

      → details of BdNMC on the following slides

- I will put in the particles involved in the scattering of DM into the 
Super-K detector simulation SkdetSIM to study how the Super-K 
detector responds to a DM particle
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BdNMC overview

● The following is mainly from the paper “Light dark matter in neutrino beams: production 
modelling and scattering signatures at MiniBooNE, T2K and ShiP” by Patrick  deNiverville et al.

● → Paper introduces the model, analyzes some of the light DM production channels, scattering 
signals etc + appendix for BdNMC

● Reminder: BdNMC models light dark matter production and downstream scattering for fixed 
target experiments

● can be used for various proton beam energies, production targets, detector geometries, fixed 
target geometries

● Supports many production channels (more on this later) and four possible scattering interactions 
between hidden sector dark matter and the material in fixed target neutrino detectors.  
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● Takes in a parameter card (a .dat file) which specifies the parameters of the model, detector properties, etc

1) Generates DM particles (the numbers on the diagram below are the physical locations where this process 
would occur)

● 2) Propagates DM particles

● 3) generates DM particle interactions within the detector 

●

●

●

●

●

●

●  

●

●

Quick overview of 
BdNMC 

Records information about each scattering event in a file called events.dat
● Records a summary of the run (including the total number of interactions given the POT) in a file called 

summary.dat 
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BdNMC: the parameter card
● All outlined starting on pg.21 of the paper.

● Some important ones:

● POT 

● Samplesize: The number of scattering events to generate before terminating the run. 

● beam_energy: The total energy of the proton beam.  Defaults to 8 GeV

● efficiency: This is an overall factor which accounts for the percentage of signal events the experiment successfully detects and for any 
differences between the detector’s fiducial volume and the geometry used in the simulation. Defaults to 1.0.

● pi0_per_POT: The number of π0 ’s expected per proton on target.

● Which scattering signal to use: NCE_nucleon,NCE_nucleon_baryonic,NCE_electron and pion_inelastic.

● Different production channels: pi0_decay, pi0_decay_baryonic, eta_decay, eta_decay_baryonic, omega_decay, omega_decay_baryonic, 
rho_decay, phi_decay, phi_decay_baryonic, pi-minus_capture, parton_production, parton_production_baryonic, V_decay, V_decay_baryonic

→ can use more than one production channel

● Timing and energy cuts 

● χ and V (dark photon) mass, dark sector coupling strength α' , the mixing constant epsilon between the V mediator and the photon 

● Detector parameters: spherical or cylinderical, geometry, material

●  A lot of parameters relating to the MCMC process that generates the DM particle and scattering interactions.
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Summary of what BdNMC does
(learning ongoing)

● When you run BdNMC, it:
● Reads the parameter cards and sets up the necessary variables (eg the model 

parameters, detector geometry etc)
● Creates a list of production channels based on the parameter card).
● Calculates the total number of dark matter particles that is expected to be 

produced for the POT (from the parameter card)
● “The simulation loop begins”: it selects a production channel from the list 

produced earlier. Each channel has a probability of being chosen equal to 
fraction of the total number of dark matter particles that would be produced 
through the channel. 

● Generates the 4 momenta of a meson or V produced form the P-P collision.
● Decays this initial particle and outputs a pair of dark matter particle 4 

momenta.
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● Checks to see if the dark matter 4 momenta intersect with the 
detector

● When it does:
● Code checks to see if the particle scatters (still working on 

understanding the details of this process)
● Code repeats this process until the requested number of sample 

signal events (samplesize) has been generated. Then it calculates 
the total # of signal events (more on this coming up) and appends 
it to summary.dat along with some other information.

● For each successful interaction, the four-momentum of the recoil 
particle is recorded in an events file (events.dat)
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Calculating the number of signal 
events

● From the paper:

for each production channel i:

●

●

● ninteractions is the samplesize that the user inputs in the parameter card

(basically the code does x trials until samplesize scattering events are generated)

● total_signal_events: sum of signal events for all production channels

●

●

● Note: efficiency is the efficiency of the detector

● Vnumtot is the total dark photons produced that decay into dark matter particles (outputted when you run 
BdNMC)
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● Ran BdNMC using the given parameters for a 
Miniboone-like example in the paper and got a 
similar numbers for signal_events.

● Manually calculated signal_events using samplesize 
as ninteractions, trials, vnumtot and pmax as given 
in the BdNMC output, and efficiency from the given 
parameter card (using the formula below):

●

● Got the same number
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Events.dat and Summary.dat files
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Events.dat and Summary.dat files
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Goal

● Write code that inputs the events.dat file and outputs a ROOT tree containing 
the information

→ currently working on this

● Continue investigating how BdNMC generates the DM scattering events

-> Probably will need to learn more about MCMC's 

● Want to better understand how BdNMC calcualtes signla_events

→ find out what pmax is, how the trials are done? 

– Investigate why Trials < vnumtot 

● Later: put the particles that the DM scatters off of into SkdetSIM 
● At some point: due the health and safety training course for summer students
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