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NuMI Beam

*Movable graphite target for flux
studies

*Reversible horn current allows
for v, or v -bar beams

*Variable beam energy

*92.9% Vi 5.8% Vu-bar, and 1.3%
v, in low energy (LE) configuration

fBeamMC —LE
- -ME |
—HE ]

o
N

o
N
N

o o o o

(@] o o RN

IS ()] o] o
I T T T

CC Events/GeV/3.8x10°°POT/kt
o
o
N

0 2 4 6 8 1

o
o
=

0 12 14 16 18 20

Energy (GeV)
Absorber
Target
\ Target Hall

120 GeV , :
protons N . : , T e ~ P e |
From '@ L T ——rmeefo . &

Main Injector Horns at iy y_*_éz p

10m 30m » :
675 m e -
Hadron Monitor 3 12m 18m  300m

www-numi.fnal.gov/talks/postedtalks.html



Scintillator

Module/Frame
Planes
® Nuclear
MINERVA Diagram e | 18| 30
Active

Target 60 120

MINERvVA: Main INjector ExpeRiment for v-A DS ECAL 10 20

DS HCAL 20 20

Totals 108 196

Side ECAL

F———

It I\IHIIII\I\|||||\|\|?|\|Hﬁ ) |||||||||HH|\|\|\||

|| m

DS HCAL

I\IHIIII\HIIIINHIH\H\INHWWWWNW




Detector Design
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Events: Quasi-elastic Candidates
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Methods for Momentum Reconstruction

» Sum the total reconstructed track’s visible energy to
estimate the initial momentum, used the estimate initial
momentum to calculate missing non-visible energy, and
then iterate the initial and missing momentum to correct
for the momentum.

» Using the range tables, find the range of the reconstructed
track in all material and then trace it back to a
reconstructed momentum.

~ Fit the reconstructed track’s visible energy dE/dx profile
to an expected energy loss profile.




Momentum Reconstruction Method

~ Fitted the dE/dx profile of the reconstructed track’s visible
energy to a calculated <dE/dx>avg profile of a particle’s visible
energy for various incident momenta, where the path length of
the materials and the vertex plane depended on the trajectory of
the reconstructed track and the <dE/dx>avg per material was
calculated at the z position in each layer.

» Used the chi squared test search algorithm to find the best fitted
incident momentum for the reconstructed track.
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Best fit curve of the
particle visible energy

each material

Calculated the energy loss of the particle in



dE/dx profile plot

dE/dx Profile Plot for Event: 718
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Converting from PE to MeV: Using mono-energetic straight going
through proton tracks

» Using the ParticleCannon, generated individual proton data files at the face of the TP of a
momentum which equal only 700MeV/c, 800MeV/c, 200MeV /¢, 1.0GeV /¢, 1.1GeV /¢, 1.2GeV / ¢
or 1.3 GeV/c.

~ In principal, we can take the ratio of the expected <dE/dx>avg and measured energy (cluster PE)
per plane to find a conversion constant from MeV to PE

~ Used the Bethe-Bloch to calculate the expected visible <dE/dx>avg and Birk’s Law to correct for
the expected <dE/dx>avg per plane scintillator light output response, where the birk’s constant

was obtained for Sim. AE
‘ﬁEﬂvg-l(j- + kb {E}m:gz_}

Clus_PE;

k, = , excluding the first and last node on a

reconstructed track.

» Took the average of the mean of the data from each distribution.
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Exam ples Qf dE / dx Prof"e Fits »>visible energy: reconstructed track’s dE/dx,

where the error bars correspond to an
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Examples of dE/dx Profile Fits

dE/dx Profile Plot for Event: 509 __|
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Momentum Residuals

Residual Plots for Proton MC data
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» Using the dE/dx profile plots, can one discriminate proton
from pion, by changing the mass from proton to pion?
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Discrimination of Protons and Pions
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Discrimination of Protons and Pions
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Secondary Nuclear Interaction

Proton to proton collision (p->2p) Evidence of p->2p
»Kink in the reconstructed track

»Low momentum knocked out
proton will deposit energy in very
few layers

Scattered proton p1 5. Around the kink in the track
you will see a very large energy

>\ deposition

Low momentum knocked out proton > The scattered proton will have a
lower momentum

Incident proton p0
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Nuclear Interaction Candidates
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Nuclear lnteractlon Canc idates
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Proton that could look possible like a Pion
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Proton that looks like a Pion
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EnergylLoss Tool
~ Input: track (nodes, clusters, clusterPE)
» Qutput: reconstructed momentum, mass

» May work for proton, pion, and muon tracks
leaving the HCAL rear or side providing if there is
enough information

> Working with Benjamin to implement it into the
KalmanFilter Tool

21



Improvement to the EnergyLoss Tool

» Develop an algorithm which recognizes

reconstructed tracks that includes secondary nuclear
interaction.

» Study the momentum of the reconstructed track
before and after the interaction.

» Can we do kinematics for p->2p collisions?
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