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Outline

● Some info on BdNMC production and scattering 
channels

● TTree that stores all the information in 
events.dat

● A bit more on elastic NC­like nucleon scattering 



June 15, 2017 S.Atashi 3

Production channel: pi-minus_capture

● In the description of the BdNMC 3.1.5 (newer version), Patrick says 
the piminus capture signal channel is added … “Piminus scattering 
simulates the isotropic emission of dark photons from the pi-minus 
absorption process P+pi minus -> N* -> N + \gamma. This 
production channel can be invoked with production_channel 
piminus_capture.” 

– I'm assuming N= proton or neutron as usual 
● According to the comments in the sample BdNMC parameter card, 

piminus_capture is a baryonic production channel.
– Problem: BdNMC gives a negative number of V's, then produces a 

segmentation fault with this production channel

– But: we can ignore this production channel for now (dark photons are 
emitted isotropically and SK is far) 
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Production channel: parton_production
 Corresponds to the dark matter production process p+N   V*   → → /χ χ†

 I want to see what these events look like in events.dat

 I get a seg fault when I run BdNMC with the parton_production mode:
“Parameter read successfully

Setting up distribution default for channel parton_production

./bin/BDNMC: line 26:  6912 Segmentation fault      ./build/main $RUN_DIRECTORY/$arg”

 BdNMC has trouble with the default distribution for parton_production. I'm 
running this production channel without specifying a production distribution 
(specifying a production channel is “optional”, but it seems like  I need a 
production distribution) 

Paper talks about the production channel distributions:
 “parton_V” for parton_production production channel 
 But: “this requires externally generated data for V­production at the parton level” 
 I'll have to find this data
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More production channels

 Appendix says these are also possible production channels: 
omega (omega in omega_decay), rho (in rho_decay) but when 
I run it with omega_decay, I get “No DM production 
expected”

­> (maybe there is DM production for some model 
parameters, but I don't know what)

  I get a seg fault when I run it with rho_decay

 => these production channels are probably not yet 
implemented in BdNMC
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Signal channel: inelastic NC  π0­like nucleon scattering

(for all production channels) it's possible that the produced   undergoes inelastic NC χ π0  ­like 
nucleon scattering:

­ a situation “where there is sufficient momentum transfer to produce a neutral pion which 
subsequently decays producing a two­photon signature (also one of the main background for nu_mu 

 nu_e appearance)→

­ “Incoherent NCπ0 ; pion emerges via the production of a Δ (1232) resonance in the following process 

 + N     +  Δ χ → χ

Δ   N +  → π0 

An example event:
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Inelastic NC  π0­like nucleon scattering cont.
Some things to think about:

 Somewhere else in the paper 1 , it says that the pi0   V   pair of DM particles decay → →
process happens on such a short scale that the pi0 and V don't travel far, so we can 
assume this process happens in the target and the DM particles propagate from the target 
to the detector. 

 It seems like it's possible that the pi0 from the inelastic scattering inside the detector 
decays (in flight) to a V which decays to 2 DM particles all inside the detector, so the DM 
particles scatter inside the detector. Then the DM particles can undergo scattering in the 
detector.

­ One scenario: the DM particles can undergo inelastic NC pi0  ­like scattering again and produce another pi0. 

­ The process can repeat and produce a cascade of DM particles that scatter inside the detector?

 → This is too unlikely to happen;   pi0   2 gamma's   is much more probable→

1­  “Light dark matter in neutrino beams: production modelling and scattering signatures at MiniooNE, T2K, and SHiP” by 
Patrick de Niverville et al.
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Leptophobic model of DM
 Discussion with Hiro: I'll focus on the dark photon model for 

now; can consider the baryonic vector mediator model 
separately later 
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Putting BdNMC's output information into a TTree:

● Reminder:
BdNMC outputs a data file containing info about the particles involved in the interactions. For example, some 
events from a data file outputted by BdNMC is shown here. The format is:

particle name  px         py               pz               E                x                    y                    z                t

● x,y,z, and t are only shown for the signal particle (particle that the DM scatters off)
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Ttree that stores all the information in events.dat

● Branches that are arrays of variable length

● The branches:

event_num: event number

n: number of particles in each interaction; varies for each event

eg n=3 for event 1 

     n=4 for event 2 in the events.dat file below

●
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Ttree that stores all the information in events.dat

● The other branches (they are all arrays of size n):
●  Nth part: an integer that stores the order of the particle in the interaction (eg 1 for the first 

particle in the interaction, 2 for the second, etc)

→ useful later when I want to know which particles participated in each interaction for a 
given event 

●   The particle type (a Char_t)
●   An integer corresponding to the particle type (using PDG numbering convention)

– Useful when putting the scattered particles into skdetsim

●   px: x momentum (GeV)
●   py: y momentum (GeV)
●   Pz: z momentum (GeV)
●   E: energy (GeV)
●   x: x position of interaction (m)
●   y: y position of interaction (m)
●   z: z position of interaction (m)
●   time: time of interaction (since production of dark matter particles, in seconds)
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TTree cont.

 Want to fill position and time branches when the particle is 
a signal particle (eg the neutrons below)

 Run into issued if I try to fill the branches when 
position/time is not give for the particle (eg for eta and DM 
below)

 → I have separate branches that only get filled for the 
signal particles
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TTree cont.
 Read the file once to determine # particles in each event

 Also determine #scattering particles (by looking at the size of the line) and store them in a vector
 The branches:

n :#particles in each event

• Nth part
• particle type (Char_t)
• Int corresponding to particle 

type 
• px (GeV)
• py (GeV)
• pz (GeV)
• E (GeV)

These are 
arrays of 
size n

n_scatt: # scattering particles in each event

• Nth part (for scattering particles)
• particle type (Char_t)  (for scattering particles)
• Int corresponding to particle type  (for 

scattering particles)
• px  (for scattering particles) (GeV)
• py  (for scattering particles) (GeV)
• pz  (for scattering particles) (GeV)
• E  (for scattering particles) (GeV)
• X (in m, for scattering particles)
• Y (in m, for scattering particles)
• Z (in m, for scattering particles)
• Time (in s, for scattering particles)

These are arrays 
of size n_scatt

These branches 
only get filled for 
signal particles 
(using the size of 
the line)
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TTree cont. 
Integer­based encoding of particles

 I've created 2 vectors (elements are in correspondence)

 ­ one vector stores particle names

­ the other stores the corresponding integer

 For each particle name (in events.dat):

  loop through all entries in the names vector until the 
names match (let's say at index i), the corresponding 
integer is = integers_vector[i]
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pion_inelastic and pion_inelastic_charged signal channels 

 Reminder:

pion_inelastic (NCpi0­like inelastic scattering):

 + N     +  Δ χ → χ

Δ   N +  → π0  

 Eg:

 The nucleon and pion after delta are its decay products
 I determine the charge of delta using its decay products and store it in my branches
 Same thing with the Pion_Inelastic_Charged signal channel (next slide)
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pion_inelastic and pion_inelastic_charged signal channels 

 pion_inelastic signal ch: also includes Δ decay to charged pion states

 Eg:

 → Determine charge of delta from its decay products
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More on elastic NC- like nucleon scattering
 Eg: running BdNMC with a MiniBooNE­ like experiment with 

epsilon = 1e-3 dark_matter_mass= 0.01 GeV dark_photon_mass = 0.1 GeV alpha_D = 0.1

(Type of scattering particle)

→ a lot more proton 
scattering 
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More on elastic NC- like nucleon scattering

● Elastic NC-like nucleon scattering:

The paper says for incoherent scattering, the leading term of the cross section is

– > leading term couples to electric charge so more proton scatterings than 
neutron scatterings

– Leading term is dependent on mass of chi and dark photon.

g' is the U(1)' gauge coupling
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Elastic NC­like nucleon scattering cont.

 Ran the same parameter card except with NCE_nucleon_baryonic: thought the asymmetry would 
disappear …

(Type of scattering particle)

→ Will look at other 
terms in the  scattering 
cross section to get a 
better idea
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 Next steps 

● Run my code (event.dat → TTree) with different 
BdNMC parameters and study the histograms

● make cuts on the data that enters the 
histograms by calling MakeClass() on the tree 
(eg make seperate histograms for scattered 
protons vs neutrons etc)
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Backup 
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pion_inelastic and pion_inelastic_charged signal channels 

 Reminder:

pion_inelastic (NCpi0­like inelastic scattering):

 + N     +  Δ χ → χ

Δ   N +  → π0  

 pion_inelastic signal ch: also includes Δ decay to charged pion states

 occurs ~ 1/3 of the time, increasing the event rate over Pion_Inelastic by 50%.

 Charged pion decays:

Branching ratio: 0.999877 Branching ratio:  0.000123

Branching ratio: ~ 10-8
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Next steps cont.

● What is this?
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Title title title title title title title title title 

 text
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