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Neutrinos
“The Ghost Particle”
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What Are Neutrinos?

Oct. 8, 2012

e [f we really knew the answer to that, we wouldn’t
need experiments like MINOS and NOvVA!
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What We Know

e Neutrinos are included in the Standard Model

* Interact only via weak interaction and gravity

* No electric charge

* Very smal

* Very smal

 but nonzero mass

Interaction cross section

e Different weak (ve, vy, vr) & mass (v1,v2,v3) eigenstates

* Mass eigenstates propagate with a definite mass

* Neutrinos are produced and detected in weak

eigenstates but can “oscillate” as they propagate
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Oscillations (The Math I)

* Oscillation is well modeled by Ve 1
the PMNS matrix, which is v, | =U| 1
analogous to the CKM matrix Vr V3

1 0 0 cos 013 0 sin 9136_. cos 615 sinf;o 0
U = 0 cosfy3 sinfog 0 1 0 —sinfi5 cosfio O
0 —sinfs3 cosbss — sin 9136_“5 0 cos 013 0 0 1

This is the term NOVA is being built to
study. Measured by reactor and

solar neutrino experiments

Atmospheric and Accelerator

measurements; well
measured by experiments
such as MINOS and Super-K.
NOvVA will increase the
precision of our knowledge
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The Final Unmeasured SM Parameters

.y CP Phase. If nonzero,
P(va — vg) = Z Uaje” 25 Ug this could help explain
J why the universe is

VB made of matter rather
than antimatter.
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The NuMI Beam

e Small Cross section = we need large number of
neutrinos = we need an intense beam

Absorber Muon Monitors
Target D : \ l l l
ecay Pipe -
\ Target Hall yHpe . B - v,

120 GeV g o R —dpe L ey

protons A i '{; HE S HES

From g T = - & ’
Main Injector ——y - e 4 )
L A |S5 57 s
675 m / . Rock Rock |Rock
[ ] [ ) . 5

Magnetic Field of  [1534ron Monitor " 12m 18m  210m

Horns can be
reversed to
produce
antineutrino
beam
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Atmospheric Neutrinos
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MINOS

“Catching Neutrinos in Iron & Plastic”
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What MINOS Studies
1.27 x Am3,/eV x L/km
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http://www.hep.ucl.ac.uk/minos/minosmanp.|
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Steel
eel

Scintillator

WU Extruded PS scintillator
\ strips4.1x1cm Orthogonal

orientations
of strips

& \ / /Wavelength-shifting fibre
L

U V planes +/- 45°

* Functionally Identical Detectors
Y /a * Same iron, scintillator, and

Clear Fibre cables ya/ magnetic ﬁeldS

* Allows cancellation of

systematic errors when using
both detectors

Multi-anode PMT
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MINOS+

e Collaboration will use the MINOS detectors in the
NOvVA beam

e Will investigate many new interesting phenomena
with high statistics

» Search for deviations from PMNS model
e Sterile Neutrinos

* Non-Standard Interactions
» High-precision v time of flight measurement

* Competitive measurements of oscillation parameters
in the short term
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NOvVA
“Catching Neutrinos in Oil & Plastic”
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The Collaboration

LY
e

36 Institutions
180 Physicists
and growing

om rermilab Visual Media

Services: http:/ / www-
visualmedia.fnal.gov/,
Image No. 11-0203-06D
> ;&m' 2

LY

Argonne, Athens, Banaras Hindu, Caltech, Delhi, Charles University, Cincinnati, Czech Technical, FNAL,
Harvard, Hyderabad, IIT Guwahati, IIT Hyderabad, Indiana, INR Moscow, IoP of Czech Republic, Iowa State,

Jammu, Lebedev, Michigan State, U of MN (Crookston, Duluth, Twin Cities), Panjab, South Carolina, SMU,
Stanford, Sussex, U of TN - Knoxville, U of TX - Austin, Tufts, Virginia, Winona State, William & Mary.
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P(va — vg) =

Neutrino Mass Squared

What NOvVA is Designed to Study

NOVA can improve
precision of 013 = (8.840.6)°
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CP Phase. If nonzero,
this could help explain
why the universe is

VB made of matter rather
than antimatter.
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How do we find out?

V. Barger, et al. Phys Rev. D 22:2718 (1980)
M. Muether, NuFact 2011
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To 1 APD pixel Detector Elements

4

L
¥4
typical -
charged »~
particle
path
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e Cells with

liquid

scintillator

grouped into

alternating
planes
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Near Detector
e 220 tons

* Will be placed in a new cavern in

attached to the current MINOS \9-902
cavern g \
e Characterize beam before L
oscillations AN \/) - £
} g
| g N

http:/ /www-nova.fnal.gov/plots_and _figures/
015_Detector_Overview /020-near-detector.png
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Far Detector

¢ 14 000 tons
e Will detected oscillated beam




Extrusionsg;e at Extrutechs

qugtiesffﬁmanitowoc,WI

e PVC extruded through die to form 15m extrusions

e ~24,000 required for Far Detector.

* Did I mention this is the largest thing anyone has
ever made out of plastic?
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Modules /— manifold cover

* Many pieces must be

snout (back)
brought together to potom raoevay &“
. _ optical connector
form an active detector «ex N
module fop aceray
extrusion (i ", D & fiber cover
* Many undergrads asenmbl TN
k. d 1 "‘I""'-i';,.i" Qﬂiﬂﬂﬂﬂﬂl
i & hangar
WOr lng at module o e ::'listrif:tﬂdﬁlltuba
factory at the U of MN YrpexCey) |
. . . ”HU““M”N P
* Cell interiors must be 2 Wlm ““ “
very reflective so N mm
scintillation light is not NN N
lost. '
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Liquid Scintillator

94.91% tood grade mineral oil

4.98% pseudocumene (scintillant)

0.110% parts PPO (powder, wave shifter)
0.00153% bis-MSB (powder, wave shifter)
0.0010% Stadis-425 (anti-static)

0.0010% Vitamin E (antioxidant)

1. Mix PPO, bis-MSB, Stadis-425, and Vitamin E into
pseudocumene to produce fluor blend.

2. Mix fluor blend into mineral oil to produce NOvA
liquid scintillator
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Mixing The Scintillator

Pseudocumene Waveshifters Have enOugh Of
o everything
- pre-measured .
‘ o= except mineral
produced in China delivered and stored 011 and
in ISO tanks
pseudocumene
Fluor Blend Tank / anti-static
\ e stattc for full far
= 6,000 gal stainless steel tote . detector
= dedicated lines, hoses, —_— @
& pumps
' Hired private

Mineral Onl delivery Scintillator Blend Tanks contractor

(Renkert Oil) to
- edicated deliver mineral

lines, hoses,

& pumps 120,000 gal epoxy-lined tanks oil and mix
(Chemline 784) . .

e— at Wolf Lake Terminals 1ngred1ents

storage tank
cleaned and
holding our o1l

(1) shipping (2) blending

)

600,000 gal
epoxy-lined tank
at Riverdale

B ——

heated tanker trailers
To Ash River




IIJ INDIANA UNIVERSITY OSU HEP Seminar - L. Corwin B Oct. 8§, 2012

Quality Control

e Light Yield e Clarity (15 m long far

e Use radioactive detector cells)

sources to verify * Use a “tintometer”
sutficient * Maintaining cleanliness
scintillator light critical at every stage!

e Chemistry

This is what we found
when we looked inside of
one of the fluor blending

totes for the NDOS. The
green substance was not

* Verity correct
chemical

composition. identified (my guess was
Mountain Dew). It was

thoroughly cleaned by
the blending company

before any scintillator
. components were added.
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Filling
e NDOS is filled with
high-quality

scintillator

* Pumping and piping
systems being
developed for Far
Detector

* 6 tankers per week to
Far Detector planned

¢ ~3,000,000 gallons
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Scintillation light
travels along
wavelength
shifting fibers to
end of manifold

Light detected in by
avalanche

photodiodes (APDs)
that are sealed, cooled

(to -15 °C) and mated
to the detector data
acquisition system.
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NDOS is Complete and Functioning

httpl L * Our prototype near detector

visualmediafnal.gov/, ' (o e ([ [
TIHlsE

I No. 11-0124-13D — Nkt ==
mage (@) PP JAALABRMERES '\.\\\

e e w50 [t has taught us many valuable
‘ lessons for building NOvA
e " tinls ¥/ = near and far detectors.

- - | . g & Al . :" \\\-‘ \
|!| W
I!! I '

(& !| I" III m
¥ L% ‘. ! I“‘ o ST
L p vl l!rlgl '

 ——— T 4 ——t

P T

media; fnal goOVv/,
Image No. 11 0124~ 2OD
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First block in place and
freestanding on Sep. 10, 2012
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Physics Sensitivities (if we’re lucky)

-_— . 2
P(Ve) VS. P(Ve) for sin (2923) =0.97 Example NOVA 16 and 20 contours, 3+3 yr (V+V)
0.09 | Jr.~in3<_2e),1):0.095. sin*(26,,)=0.97
- [ NOvA E ' | ’
a C[Am;2 2232107 eV |3
0.08 = sin%(26,,) =0.095 -
© sin’(26,,) = 0.97 oF
0.07 [ . =
- 11
0.06 [ S 5 F
- \‘\ '\ 'Z l O':'
- - o, A -
0.05 [ RN e 0of- _—
: '\\‘ E]‘ /: R T
0.04 - . \‘ ““ 0.8 — : E - S-S S-SR S U
C Am©< 0 @ : / - —Am >0
:_ Q 0_75— = Am <0 :
0.03 5 ~ * test point (NH)
: Am>0 06’_llllillllllllltllll;lllllllllillll!lllllllll!lIll
0.02 C o §=0 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 |
. ] . 6 : n/2 5/(_270
: O —1 o °
001 FOOZT At this best-case point, we
0 i 1 | 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
0 ..o exclude the wrong hierarchy and

Pl a good fraction of Ocp at 20.
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Physics Sensitivities (if we're unlucky)

-_— . 2
P(Ve) VS. P(Ve) for sin (2923) =0.97 Example NOVA 16 and 20 contours, 3+3 yr (V+V)
—~ 0.09
| =% [ NOvVA
a C1Am,2] = 2.32 10~ eV?
0.08 = sin%(26,,) =0.095
© sin’(26,,) = 0.97 =
0.07 [ ‘ -
- -
0.06 [ .
E N \G\ “.‘ / E.
0.05 [ N <
I | o] ' -
0.04 B , . 0.8 — H ) e e Y o]
C Am©< 0 Q‘ - T AmT>0
2 ‘ S 07 =Am’<0 ,
0.03 , ~ * test point (NH) : : : E : :
: Am)o O-6r_llllillllllllltllll;lllllllllillll;llllllllltllll
0.02 :_ 085=0 0 0.1 0.2 0.3 0.4 5/0(.37:) 0.6 0.7 0.8 0.9 |
- ® 5 =71/2 |
- O 6 = TC ° °
0.01 [
= k. 2 At this point, we cannot
0 i 1 | 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 ..o | determine the hierarchy, but we

P(v) can make conditional statements
about it and dcp. In both cases,
we select O3 >45° at 1o
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significunce of CP violation (G)

1.5

1.0

Ocp Sensitivity

NOVA CPv determination, 343 yr (V+V)
sin*(20,,)=0.095. sin*(26,,)=1.00 Includes T2K v, —v, at 5.5¢107 p.o.t.

...............................................................................................................

. :
N A

Illlllllllllllllllllll

e With complimentary
data from T2K, we

can determine dcp at

1o over a good fraction
of possible values.



IIJ INDIANA UNIVERSITY OSU HEP Seminar - L. Corwin . Oct. 8§, 2012

Schedule & Outlook
e Filling of first block scheduled to begin in Nowv.

e Beam is currently off; scheduled to return next Apr.
* FD should have 5 kt in place

e FD scheduled to be complete by the end of 2014
e ND scheduled to be complete before beam retruns
e Looking forward to an exciting physics program

e The NOVA project is building, growing, and
heading for an exciting future

e Thanks to my collaborators, especially those from
whose talks I lifted material for this seminar!

e Thank you!
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Backup
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