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MINERvA Experiment E-938.

MINERvA Test Beam Experiment T-977.

Fermilab Test Beam Facility.

MINERvA Test Beam Motivation.

MINERvA Test Beam Set Up.

MINERvA Test Beam Status Analysis.
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MINERvA
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The MINERνA detector is comprised of a stack of MODULES of varying composition, 
with the MINOS Near Detector acting  as a muon spectrometer.  It is finely segmented 

(~32 k channels) with multiple nuclear targets (C, CH, Fe, Pb, He, H2O).

MINERvA is a neutrino scattering experiment in 
the NuMI beamline at Fermilab.

Designed to measure neutrino cross sections, 
final states, nuclear effects and A-dependence 
on a variety of targets in the few-GeV region. 
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NuMI Beamline
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figure courtesy Z. Pavlović



MINERvA Physics Program (Exclusive Channels)
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MINERvA Physics Program (Exclusive Channels)
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MINERvA Test Beam Experiment
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The MINERvA collaboration planned, designed, constructed and commissioned the MINERvA 
Test Beam experiment at Fermilab Test Beam Facility.

To Provide hadronic response in the MINERvA Main Detector.

Beam to MTest
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•  Booster captures protons into ~84 bunches 
and accelerates them to 8 GeV.
•   Bunches are 19 nsec long.
• 8-30 bunches are extracted to Main 
Injector.
• Main Injector accelerates beam to 120 
GeV.
• Fraction of the beam is extracted each 
rotation over 4.2 sec.
•  SY120 to Meson line.
• 120 GeV protons hit an aluminum target to 
produce secondaries.
•  16 GeV Pions are delivered MT6 Section I.

Thank you
Accelerator 

Division

Tevatron



Tertiary Beam 
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• Target (1).
• Collimator (2).
• Time of Flight System (3,10).
• Spectrometer (4,5,6,8,9). 
• Test Beam Detector.

Tertiary beam 
400-2000 MeV/c

Thank you
MTest staff

Wire Chambers 1-4
Dipole Magnets
ToF Panels 1-2

16 GeV 
Pion Beam

Copper
Target



Tertiary Beam and Test Beam Detector
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• Test Beam detector is a 
replica of inner full MINERvA 
detector 1.07 X 1.07 m.
• Reconfigurable construction.
• 20 Tracker+ 20 ECal planes.
• 20 ECal + 20 HCal planes.
• Simulation base on GEANT4 
(QGS-Bert hadron physics list)



Calorimetry 
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The energy of particles, be them 
electrically charged or neutral, 
is measured by having them 
interact with matter until they 
totally exhaust their kinetic 
energy.

• 1.7 cm of Scintillator. 
• 2.03 cm of Pb.
• 2.594 cm of Fe.

Test Beam Detector

Active Calorimeter

CH/Absorber/CH



Tertiary Beam Component 
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Tertiary Beam Component 
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Event Display

14 Aaron Higuera, Universidad de GuanajuatoNew Perspectives 2012, Fermilab USA

ECALTracker



Current Analysis (Calorimetry)
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Pion Total Energy = Available Energy (GeV)
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• 20 ECal + 20 HCal config.
• The energy response is corrected for the passive material. 



Current Analysis (Calorimetry)
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Pion Total Energy = Available Energy (GeV)
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Current Analysis (Calorimetry)
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Pion Total Energy = Available Energy (GeV)
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• 20 ECal + 20 HCal config.
• The energy response is corrected for the passive material. 



Current Analysis (Calorimetry)
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Pion Total Energy = Available Energy (GeV)
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Summary
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The MINERvA collaboration planned, designed, constructed and 
commissioned the MINERvA Test Beam Experiment.

MINERvA Test Beam experiment provides hadronic response for 
the MINERvA Main detector.

Pion response is well modeled, agreement ~5 %.

More results on pions are coming.

Plus protons and small kaon sample. 

Stay tuned for results soon!!!



The MINERvA Collaboration 
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Thank you for listening 



Back-up Slides 
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type, momentum, and other aspects of the particle. The first set of detectors we place
in the beamline are the Time of Flight scintillators: a plane of scintillator placed at each
end of the beamline. The first plane is placed at the end of the collimator and records
the time that particles leave the collimator. The second time of flight is placed 6 meters
downstream, near the end of the beamline, and measures the time that the particles finish
their flight down the beamline. By taking the time difference between these two detectors,
we know how long the particles took to traverse the beamline, which gives us information
on their velocity.

2.1.4 Magnets

As the surviving particles leave the collimator, they are allowed to travel approximately 1.5
meters before being subjected to a magnetic field. This field imparts 100 MeV/c transverse
momentum to the particles, which can later be used to determine the total momentum of
the particle. After the particles are so bent, they travel another 1.5 meters before entering
the MTest detector.

The magnets give us the ability to either focus negative or positive particles down the
beamline; particles with the opposite charge will be bent away from the detector and
downstream wire chambers. This is important for two reasons. First, we are interested to
compare the behavior of positive versus negative pions. Second, we would like to analyze
protons and electrons, which are positively and negatively charged, respectively.

Mapping the magnetic field was primarily done by Rik Gran, and is still undergoing im-
provements. As will be shown shortly, the accuracy of this mapping has a direct effect on
the accuracy of momentum reconstruction.

2.1.5 Wire Chambers

As mentioned earlier, the magnets give us the ability to measure the momentum of the
beamline particles. To do this, we must know their initial and final trajectories. In one
dimension, if we know that a 100 MeV/c transverse momentum kick caused a particle’s
trajectory to change by angle θ, we can use trigonometry to get its total momentum (using
a small angle approximation):

ptot =
100 MeV/c

sin θ
(2.1)

To measure the initial and final trajectory of the particle in question, we place four wire
chambers in the beamline: two upstream of the magnets and two downstream. Each set
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p =
mv�
1− v2

c2

(3.1)

Rearranging, and making the substitution v = ∆x/∆t, we get an expression for the par-
ticle’s mass in terms of its reconstructed momentum, time of flight, and the length of the
beamline:

m =
p

(∆x/∆t)

�
1− (∆x/∆t)2

c2
(3.2)

This variable enables us to make a simple cut on the particle’s reconstructed mass to elim-
inate most non-pions. There are two important caveats to this method. First, muons have
a rest mass that is similar enough to pions’ (105.7 MeV/c2 for a muon versus 139.6 MeV/c2

for a charged pion) that the beamline cannot resolve the mass difference. The rest mass
of an electron (0.511 MeV/c2) is much less than a pion, but due to the ultrarelativistic
behavior of these particles for the momentum range in the beamline, the beamline’s res-
olution is noticeably poor for rest masses below a pion’s, and so these are also hard to
distinguish. The second issue is that the beamline’s “mass resolution” degrades at high
momenta, and pions with momenta above about 1.5 GeV/c cannot be resolved from Kaons.
For my analysis, I only use pions with momenta between 375 and 1225 MeV/c, so this is
not an issue.
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If we know that a 100MeV/c transverse momentum kick caused a 
particle’s trajectory to changed by angle, we can use trigonometry 
to get its total momentum.

Using a time of flight system we can get its velocity 


