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Once upon a time ...

Out popped MATTER and ANTI-
Matter in equal amounts
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And since we'd started with equal
amounts of matter and antimatter,

They collided, crashed, everything annihilated into energy
SMASHED into each other
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Picking sides ...

S ThlS begs The
Na’rure picked sides and = question ..

favoured matter over anti

matter . \ but W /7}/?
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This is a pressing question in particle

physics ... And neutrinos could perhaps
help answer it.
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The Outline of this Talk
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Neutrinos and What this Steps for a
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Conclusion
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1. Neutrinos and the MINERVA Experiment

* Puzzle: How do we see particles that are neutral, hardly interact, and are

extremely light?

From the
decay products
create a beam
of anti
neutrinos

Muon monitors
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1. Anti Neutrinos and the MINERVA Experiment
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1. Anti Neutrinos and the MINERVA Experiment
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2. What is this analysis about?

Definition %

Cross Section: A measure of the probability of an
interaction occurring
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2. What is this analysis about?

e Goal: Extract a 2D Crross section in the tracker in terms of muon transverse and

longitudinal momenta
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2. What is this analysis about?

« Reconstructed Events

4 0.00 < P, < 0.07 | 0.07 < P, < 015 | 015« P, 125 | 0.25 < P, < 0.33
x109 [f <31} 15
~ 2 L L L
S K A -- _| on the
[O) 4 033<p <040 | o 040 <p <047 | 047 <p < 255 } 0.55<p <0.70
@ TN T ’ PANEL PLOT!
: x0.8 |1} x 0.8 F Y A UL A U.0 |
@ > [ .
o
% 2 R ‘ 070<p <085 [ 0.85<p_ <1.00 ] . 1.00<p <125 | \ 1.25<p, < 1.50 2D aanysis in terms of
= .. 35| B 2180 transverse and
c - . .
3 longitudinal muon
i o o .
1.50 <p, <250 | 2.5Q < p, <450 momenta
& + MINERVA data —— MINERVA Tune v1
x 168.8 5514.7
2 i e —— QE+2p2h Resonant
ol—2— e = —— True DIS Soft DIS
4 10 20 40 60 4 10 20 40 60
— Other OO —— Background

MINERVA Preliminary Muon Longitudinal Momentum (GeV/c)

Maria Mehmood, YorkU Analysis: Inclusive anti neutrino xsec measurement on CH 15



2. What is this analysis about?

« Reconstructed Events
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2. What is this analysis about?

« Reconstructed Events
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3. Steps for a Cross Section Ex’rrachon

Z U]oz(Ndata] N Nclijcllcigadj)
Aq (T)(Ax)(Ay)
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Time to take a trip back in tfime to

Ancient Egypt

* Ancient Egyp’rians built
pyramids fo house the
tombs of pharaohs

* Deep inside the pyramid,
there was the Pharoah's
burial chamber which was
loaded with riches and
treasures

» The pyramid was designed
to secure the Pharoah's
chamber
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3. Cross Section Extraction

For someone who wants to make it to the Pharoah's chamber, having the reconstructed events
distribution is like making it to the front of the pyramid ....
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Events (x10 °) per (GeV/c) 2

3. Cross Section Extraction

For someone who wants to make it to the Pharoah's chamber, having the reconstructed events
distribution is like making it to the front of the pyramid ...
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3. Cross Section Extraction

To make it to the Pharoah's chamber:
needed to overcome obstacles

Stones
lowered
down to Fake

block access passageways
to interior

parts  / \_
N £

Chambers
Curses on and hallways
the doors filled with
debris
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3. Cross Section Extraction

To make a cross section measurement: need to account for different effects

1. Background Subtract

- MINERVA Preliminary
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3. Cross Section Extraction

To make a cross section measurement: need to account for different effects
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3. Cross Section Extraction

Extracted cross section measurement: Ratio of data/prediction

Breakdown of uncertainty on the data xsec
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4. Conclusion

* Cross section models can be improved with this measurement

* Models for both anti-neutrino and neutrino cross sections are needed as
neutrinos oscillation experiments need to translate the number of events
that they see at a far detector to some incoming anti-neutrino (neutrino)
flux

» Studying neutrino/antineutrino oscillation differences may help us
understand why matter dominates the universe



Archeologists may use what's in the
pharaoh's chamber to study the origins oid
the Pharoah's power

£

Physicists can use cross section
measurements to study the origins of the
universe
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