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Motivations

e Gain insight into the origins of multi-nucleon absorption
o The primary process for pion absorption on heavy nuclei (A>0) is thought to be the absorption
on two nucleons (=0 pn pair)
o several past experiments have shown that the 2NA cross-section does not exhaust the total
absorption cross-section [1-3]

e Study the strength of the final states with multiple energetic particles (3p, 4p,
S5p ..)
e Final state interaction study through pion absorption process m
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Modifications to reconstruction and module file

e Added the many new more variables:
o the final state particles’ momentum (calculated from track range considering protons and
muons)
o Did not find the function to calculate momentum for the pions, but the effect on pion
absorption study should be small
e Reprocess samples treating all showers as tracks
o Get the chi2, start end point posibles ... for showers
o Save some protons identified as showers in the past

lot showing that “the lower the momentum, the more
ns reconstructed as showers by Pandora!”
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Protons Reconstruction Efficiency without any cuts

e Beam Information:
o Particle : Pion+
o Beam Energy: 1 GeV

» Left figure shows the distribution of

_]_ t [l J{ ﬂ 1T protons (primary protons, from beam
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efficiency without cuts
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Protons ldentification - Non reconstructed protons

— 100

IIII

80

IIII

60

|III

40

True number of hits(proton

IIII

20

T T

OO

1 15
True Momentum (proton)[GeV]

150

100

50

0

Most non reconstructed protons with low
energy (~0.1 GeV)

Number of hits ~ 5-10 of the non
reconstructed protons

Possible reasons caused the
non-reconstruction
o Low number of hits can not be
reconstructed
o Hits of protons are merged into other
tracks ( )



Protons Reconstruction Efficiency without any cuts

Example of non-reconstructed events:
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Pions Reconstruction Efficiency w/o cuts
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e 11" Can be identified with similar criteria as the proton
e T ldentification will be studied after adding more informations to the

module file.
o Over 90% of the showers are from neutral pions



Particle Identification for Protons-Truncated Mean dQdx
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.egion Selection:

» Proton Region : IV

» Pion Region: Il

» Transition Region: |, lll

leed to further study the
roton-identification in the Transition
.egions.



Particle Identification for Protons-TrackScore
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In the new MC samples, events are

processed with Pandora treating all

showers as track

o Select the showers by track/shower

score, not the shower-like/track-like
provided by Pandora

In the proton-identification and r°

shower, the cut value is 0.3

Most of the showers are identified

as photons
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Particle Identification for Protons - Chi2 of dEdx

No. of Tracks

B= Proton
| BN
B Muon
= Electron
—— Other

450 500

x2/dof

Note . ndof: Number of hits on collection plane

((lk’/d-l.nu asured — (,k‘/d-"th('m'y

OdE /dx

) )2 /ndo f

I)Il) = \-]-))I'Ufnn/“{I“f = Z(
hit

e chi2/ndof < 40 — Proton candidate
e chi2/ndof < 40 — Non-proton candidate
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Particle Identification - Efficiency/Purity Study

e Track score cut only cut off a few
+ T T protons - great!
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Particle ldentification - Efficiency/Purity Study
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Simulation of Pion Inelastic interaction

e All the inelastic channels are handled using the cascade model
o Bertini Intranuclear cascade model
e Cross Sections and Kinematics
o Path length sampled according to the local density and the free NN cross
section
o Angles after the collision sampled by experimental cross sections
e For pions the intra-nuclear cross sections are provided to treat elastic
collisions and the following inelastic channels:
o mp—1n, mp— N, M™n— mpand Tn— mp
e The pion absorption channels are
o TI'nn— pn, TI'pn— pp,
o m°nn— nn, ™pn— pn, ™pp— pp

o Trpn— nn, TTpp— pn
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Selection of Pion Absorptions from Pion Beam Data

Pion Absorptions Selection based on the event topology from GEANT 4
e Pion Absorption: No charged/neutral pions in the final State

'IT+—>Q< X:p, n

e Pion Charge Exchange: At least one neutral pions in the final state

1T+—VQZ X: p, n, pions
N, _I_I_O

e Pion Reaction: No neutral pions, N charged pions in the final state(N>=1)
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Selection of Pion Absorptions from Pion Beam Sample

N(Pion Absorption)  N(Charge Exchange)  N(Pion Reaction)
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Selection of Pion Absorptions from Pion Beam Sample
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Selection of Pion Absorptions from Pion Beam Sample

Proton multiplicity (reco vs true) of the
pion absorption:

plicity[Reco]

Proton_Multi
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True proton multiplicity is the proton multiplicity of the daughter protons

No. of Events

Neutron multiplicity of the pion
absorption:
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Reco proton multiplicity is the number of tracks after reconstruction, some granddaughter
particles are also included. There are only 8 protons of all the 415 selected pion absorption

reactions; Results are still reliable.
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No. of Neutrons

Missing Energy & Missing Momentum

—s This study can only be done after add
more variables to the module file

No. of Protons
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Background from Pion Reaction

h_reco_pionpm_rea
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are no pions reconstructed

20% of the pion reaction with pion

reconstructed

o Of all the reconstructed pions,

some of them have 0 hits on
collection plane
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Background from Charge Exchange

No. of Events
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In the background from charged
pion exchange, all of them have
no photon reconstructed - no
Can not be removed through
final state in the events
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Compare to previous experimental result

° on the right shows the
LADS experimental result; the
beam energy of LADS is 239
MeV[4]

e The table at the bottom shows the
result of protoDUNE with the beam
energy equal to 1GeV

o More nucleons involved in the
interaction due to the high
beam energy

Table 1. Contributions (in mb) from several Monte Carlo
event generators to the observed Ar(w",3p) channel at
239 MeV pion energy. Their sum is equal to the observed 3p
cross-section.

MC event generators

4dp 4pn 3p 3pn 3p2n 3pdn Other Sum
j 1.5 9.2 5.9 0.3 0.4 0.9 19.9

ProtoDUNE MC (1GeV) pion energy
4p5n 5p5n 5p7n 6p7n 6p8n other
1 3 2 1 1 2
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Summary & Conclusion

e A scheme for proton identification based on track score, truncated mean dgdx
and chi2 has been tested and seems to work reasonably well.

e \We studied final state kinematic variables using proton identification to select
pion absorption processes.

o Most of the backgrounds from charge exchange and reaction survived because
the non-reconstructed charged pions and neutral pions

e More studies on nuclear effect based on pion absorption process are coming
soon

o Need to complete the module file and add more variables for nuclear effect study
o Add comparison between data and MC
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