-0 WHAT'S a Neutrino?

WHERE DO NEUTRINOS COME FROM?

¥ FAYIA . i1 -3 - 17
1l )V manv are oninno thrni1i1ohn thic noactear avery ccorniel
[ 1JVvVv 1lldl Ly dit .‘_}f'. 11 15wl UUg il LIl f JUWOLECL CVCI L corid:

_____ AV RS ? CANYOU SEE A NEUTRINO?

Neutrlnos have flavors? |s chocolate a neutrino flavor?
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Anti-neutrinos?
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Newtrings are fundamental partiches of matter
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The STORY of the Neutrino
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A 1930 letter from Wollgang Paull to colleagues i
Teiangon, Gormany described o “desporate remady
~the neutring

FERMILAB

A WS DEPARTMENT OF ENERGY NATIONAL LABORATORY

MINGS collaboration




—~-3 Can Neutrinos CHANGE Flavor?

If we can detect neutrinos changing from one flavor to another, then we know that they have mass.

Lok, twor milliseconds
Intor, arrive at the

Noutrino start
ot Fermitab.,,

2. The MINOS “near” detector 3. Assuming that the neutrino oscillation length is great, muon 4. The MINOS “far” detector Is located 735 kilometers
esures this rato, onocgy noutrinos will not oscillate significantly wuntil they travel well from Farmilab, in Soudan, Minnasota. Tho noutring
spectrum and flavor composition beyond the Fermilab site. In this example, a fraction of the beam diverges and becomes less intense as it travels
of the Nubi neutrino beam Muon neutrino beam has transformed into tau newtrinos {orange). away from the source. However, thee long distance
immadiately after the neutrnos If the: oscillation potential is great. this fraction will be significant froan the source allows this MuUon Neutrings more.
are produced and before any Note that very few muon neutrinos have osclllated into electron length to transform into tau neutrinos, though not.
oscillations can take place. neutrings (lime), because the oscillation potential is small, or the enough distance to transform into a significant

oucillation length is very great Distances not to scale. number of electron nEutrings.

Neutrinos come in three flavors: electron, muon and tau. Each one has a charged
partner particle, an electron, a muon or a tau lepton. Here, a muon neutrine is a
lemon, an electron neutrino is a lime and a tau neutrino is an orange.
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How to MAKE a Neutrino Beam

TAKE A
BEAM OF
PROTONS... !

The first of two
harms [magnetic
Filters) that align
the positively
charged particles
produced in the
targer. posed
with the team
that bust it
Current pukses of
200,000 armgs are.
applied to the hom
for & thousandity
of a second at the
same time as the
proton beam
strikes the target

[ Takoatoam [ Semash protoes inta a targot. [ Fimor partictes. Lo o magnetic filter, or “hom”™ [ At tho end of the empy space. position a [ At the remaining mucen and netrings
of protons, (Berylinam, graphite of akumirum will da.) labsove]. 10 retain most of the poative particles. ot par sponge to ataort o pars through a few meters of rock.
accelerated oy chif particies N jpar jpartictes. This sponge will mop up the pioms, keors NOTE: Mast of the muons will sow down and stop.
0120 Gl 1o come ouit of the trget, in o8 directions. 5 Ao the posii partces to trave v a0l protona. bt hurve litthe effect on the mucns—and > e Bt o fresh o Bkt
o ermpty space. Most of the pice and kaon 10 effect 0 e newtrinos. A few Lons of slsioun, Minnesots, heee we comel
il chocay ik rnsos e strel and concrote will do the job nicely.

A prototype of the MINGS target. 4 x 10" protons, sccolerated to
120 GoV. will strika the binck graphite fins of the target every
1.9 seconds. Water cooling keps the Larget from melting

The near detoctos, located at Fermitab, is a smaller version of the main MINGS detector at
Soudan, Minnosots, The near detector is used to verify the flavor of the neutring beam at the
source. The detector is smallor Decause the NEULTIN beam hasn't yot spread out very much
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