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High school students are “Particle Physicists
for a Day”

Intro talk(s) on physics and experiment
Tour of physics lab

Ramp up and then...

Analyze authentic (MINERVA) data
Finish with (Fermilab) videoconference

Key element:

Student/teacher interaction with physicists
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Overhead Plan View

Neutrino Beam Line for MINERVA and MINOS Experiments
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measures the products of the interaction.

MINOS Near Detector
(Muon Spectrometer)

Muon neutrinos hit the carbon target. MINERVA
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ZdW
muon neutrino down quark transforms to up )
Wt + dPse ~

neutron transforms to proton \ /

carbon nucleus

A muon neutrino interacts with a carbon nucleus. A muon and a proton
are ejected from the nucleus carrying the neutrino momentum.
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This is what MINERVA “sees” (and what students are looking for).

The neutrino comes from the left, undetected. It hits a carbon

nucleus and interacts with a neutron. The interaction transforms the
neutrino into a muon and the neutron into a proton. MINERVA can

measure the momentum of each.
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BackgroUnd events:
* Do not fit signal paradigm of one short proton track, one long muon track, or

* Confound the ability of MINERVA to measure momentum accurately.
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Background  Zoo Muon
{entera1) (entera 1) KE (MeV) vic px (MeVic) py (MeVic) pz (MeVic)
2,468.00 0.99917 127.87 -451.51 2,527.66
4,180.98 0.9097 -280.25 375 426265
278310 0.99934 -181.33 -4868.2 284218
3,457 58 0.99957 ns -624 25 350230
6,862 50 0.99969 579.99 95 45 6,941.86
7027 0.80069 56.54 315 12452
4568734 0.99976 -602.76 -33544 474127
2879.91 0.99938 -360.07 -127.86 2,957.39
3,890.06 0.99965 -285.93 43385 3,959.00
5,784.31 0.99984 370.25 -586.18 5,847.42
307427 0.99945 -228.59 -30383 315471
5756.19 0.99984 326.56 -411.38 583667
125.64 0.89036 111.97 -1275 171.66
274579 0.99932 -396.07 -157.98 2816.76
235.04 0.60049 337.93 -438.13 43593
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videocon plots
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We can find:

* Neutrino beam energy
(almost)

» Uncertainty in proton
momentum

» Uncertainty in proton
position — nuclear radius
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Model dependent!

Build plots
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Histogram of pz (beam energy)
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