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PHYSICS

o NOvA:

» NuMI: Neutrinos at the Main Injectov) g @s,

» Off-Axis: monoenergetic beam (2 GeV)

* v,Appearance L

P(v, — v.) = f(bh3,023,dcp, mass hierarchy, ...)

o Physics Goals:
* resolved,; octant
» measure CP-violating phase angle
» resolve the neutrino mass hierarchy (normal veried)
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NEUTRINO DETECTION N X

W+ charged-current

o We want to detect electron neutrineg( interaction
» This requires a large detector mass and good /\e_
electromagnetic (EM) shower resolution. Ve
o Solution: “Fully” Active Detector

» use low Z materials: PVC extrusions filled with liquid sciatidr
o provides radiation length ~ 40 cm
o provides Moliere radius ~ 11 cm

» each extrusion contains one wavelength-shifting fiber
» ends of fiber read out by avalanche photo-diode (APD)
» detector optimized to differentiate EM showers from hadronic showers

To 1 APD pixel

Avalanche Photo-Diode

o Detector Structure:
» 32 PVC tubes> 1 module
» 12 modules> 1 (x- ory-) plane
» 32 planes> 1 block

typical

charged »~

particle
path
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o NuMI: Neutrinos at the Main Injector

o Beam delivered to several neutrino experimentesiOs:
* MINOS, MINERVA, and ArgoNeut

o Beam shutdown: May 2012 — April 2013
* upgrade beam:

o increase beam power from 300 kW to 700 kW

o reduce cycle time from2.2st01.3s

o upgrade graphite target and magnetic focusing horns
» near detector cavern excavation
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Target Magnet Near Detector

NEAR DETECTOR(S) AT FERMILAB

NOvA

o 105 m underground: ViNoS -l
e beam IS almed downward _ — \\\J%\ 14.6 mrad off-axis beam
° USing MINOS near detector shaft . Beam”ne' w,_\\’-‘-‘_ - = MINOS Hall T—

» construction will start after cavern excavation

e dmx4mx14m

» 266 tons = 639 modules = 20,448 channels
o on the surface:

» prototype detector to test detector technology

» completed May 9, 2011

e 3Mmx4mx14 m

o 222 tons = 496 modules = 15,904 channels

» successful running until beam shutdown last
month
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Milling Head Excavator
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THE BEAM Fermiiab
Medlum Energy Tune R i
— : ———
| * On- ax1s (e g. MINOS) | .
80 i 7 mrad off-axis Lot | O Base“ne (L = 810 k])
- 14 mrad off—ax@s . . ] . - Missouri
| 2lmndoffads . _ » The neutrino beam

travels from Fermilb
(Batavia, IL) to Ash River, MN
through the earth’s crust.

o Energy (E = 2 GeV):

» The NuMI medium energy tune is
shown on the left.

» We can achieve a narrowly distributed
neutrino energy by placing the far
detector 14.6 mrad off the beam axis.
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FAR DETECTOR

o 14 kt detector:
o 16mx16 mx64 m
» =28 blocks
» =10,752 modules
» = 344,064 channels

o 39 block will be
placed at the end of
this week

Martin Frank 9
University of Virginia

10/24/12




14,000 tons
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BLOCK INSTRUMENTATION " |

UVA is in charge of the lnstruments
used to place the blocks and monlt
the blocks’ structural integrity. ﬁ"

Gap Sensors 7
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BLOCK INSTRUMENTATION

DI=-SBE-M16

DI5-5BE-M15

DIs-SBE-M14

v

DI=-SBE-M13

DI5-3BE-M12

DIs-SBE-M11
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BLOCK INSTRUMENTATION

DI=-BO0-M 23

DI=-BO0-M2T

DIS-BO0-M26

DIS-BO0-M25

Martin Frank

10/24/12 University of Virginia




SIMULATED EVENT SIGNATURES
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RECENT NEUTRINO RESULTS

o 0,5 has been measured and it is
o This is excellent news for us!

large!

o Below is a combination of the most recent measurements.

=

LI B B | l LI T 1 LI T I T LI I LI LI ] LI

T
Combined
/

sin22013 = 0.092+0.012
013 = (8.8+0.6)°

Illlllllllllllllll

M. Messier (Indiana)3

IIIIIII|IIIlIIllI|IIII|IIII|IIII|II

/
lllIIlllIllllIlllllll

0 005 0.1 0.15 02 0.25

<
W

10/24/12 Martin Frank

1 Daya Bay 0.092 0.017
v arXiv:1203.1669v2 [hep-ex]

D RENO 011& 0.023(revised)
v arXiv:1204.0626v2 [hep-ex]

1 Reactor Average
v"0.099+ 0.014

1 Combined Average
v 0.092+ 0.012
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EXTRACTING NATURE'S PARAMETERS

P(”N — Ve) ~ Sin2(2913) Siﬂ2 (923)f+ (L7 E7 ATng)l)

Am3, L . Am3, L
— sin d¢p sin

+ 0
{cos dcp cos i TG }

Am21

'j X 2-——= Slﬂ(913) (L7 E7 Amgla 6127 6)23)

The NO/A baseline (L = 810 km) and neutrino beam energy (E = 2 GeV)
place our detector at the fingf> v, oscillation peak.

This allows us to extract the following terms by measuriny tla@pearance
rate:
sire20,5: the leading term in this equation has alreadynbeeasured and it is large!
sirff,5: we can gleam information about thg octant from the leading term.
dcp- using the measured valueff, we can determine the CP-violating phase angle.

mass hierarchy: depending on the sigAmf;, ~ Am?;,, the oscillation probability is
either enhanced or suppressed. This differencdea®termined by comparing
neutrino running with anti-neutrino running.

Am31
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EXPECTED EXPOSURE

NOV A early reach
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FLEXIBLE RUN PLAN

The NuMI facility (20, 0 n9s, o260, =100, 5<0
can provide both | |
neutrino and anti- 6
neutrino beam.

We can change the ; | 5 _
run COﬂfIguratlon a.t %4 ,,.,
any point to optimize: ' y
our physics reach.

The plot on the right£ ° j7¢
56 only after 1 year
of running!

(ver: Apr 2012)
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NOVA PHYSICS REACH

P(V,) vs. P(v,) for sin’(26,,) = 1

We will measure the N TV
appearance probability of T oos | |AMs?l =232 107 eV?
. .3 O [ sin"(20,,) =1.00
electron neutrinos and anti- X [ o
neutrinos (the two axes). &~ o07 | Ly
B E
The plotted points give the 0.06 L 0
calculated values for ; “\E[G.\
different values o6, and 0.05 | N
for thenormalandinverted ; SN
. . 0.04 | PO o I
mass hierarchies. i oS
[ AM < 0 B
The large value d¥,5(8.8°) 0.03 - . 8, = 10.1°
gives us better separation 002 o 5=p2m >0 8., = 9.0°
between the normal and [ es=m2 P
inverted mass hierarchy. FO08=m s
erted mass hierarchy 001 FooZ%
0 [ ! . | ! ! . ] ! . . ] ! ! ! | .
0 0.02 0.04 0.06 0.08
P(v, — ve)
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NOVA PHYSICS REACH

1 and 2 ¢ Contours for Starred Point

"2 0.09

Assume that we would '?

measure the starred point & . 0.8 —
the extremity of the ellipse. & '

The bold and dotted lines [
show the 1 and & contours 0.06 |
that we could achieve with: '
3 years neutrino running
3 years anti-neutrino running ~ gosa |
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CAN WE RESOLVE THE MASS HIERARCHY?

significance of hierarchy resolution (0)
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CAN WE RESOLVE THE CP-VIOLATING PHASE ANGLE?

significance of CP violation (o)
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A
EXOTIC SEARCHES A\

We have a massive detector, so w A\
do not have to look exclusively at \\
the NuMI beam. I \\

Monopoles:
highly ionizing, slow moving
particles
the plot on the right shows the flux+2o* —————F—————————
sensitivity for straight lines going \ [75% efficiency;
through a N@QA-like detector
Supernova

entire detector gets flushed withz
cosmic neutrino events

WIMP (Weakly Interacting
Massive Particle)

highly energetic neutrinos coming [, . . . .
from the sun 0 1 2 3 4 5 6 7 8 9 10

'®.  monopole &

Parker Bound

1.0x10™"

8.0x10™ | -

C. Dukes (UVA)

4.0x10™" |

90% CL Sensitivity (cm'2 s sr'1)

2.0x107 |
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MAGNETIC MONOPOLE SEARCH

o UVA is the key
player in this search
with Zukai as the
lead student.

o The diagram on the
right shows the

107

current upper limits 42

on magnetic 0
monopole fluxes as
a function of
monopole mass and
speed.

0-3

o The potential reach 10+

of NOVA is
superimposed.

o We can make a real1°®

Impact!

10/24/12
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SUMMARY

o Far Detector construction is in full swing now and we expect
to turn our first blocks on early next year.

o We are excited to start investigating neutrinos from the
NuMI beam and pin dowb.p the mass hierarchy and thg
octant.

o We will use our detector as an eye to the universe and are
excited about what we might learn.

o We do not only have a massive detector, but also a massive
collaboration of dedicated people!jga.. |

150+ scientists and engineers
from 33 institutions from 6 countries

e O
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EXTRACTING NATURE'S PARAMETERS (’ ?
&

P(v'— () . :

o The NO/A baseline (810 km) and neutrino beam energy (2 GeV) place our
detector at the first, > v, oscillation peak.

o This allows us to extract the following terms by measuring tla@pearance
rate:

10/24/12

sirk20,5: the leading term in this equation has alreadynlmeeasured and it is large!
dcp. Using the measured valuetat, we can determine the CP-violating phase angle.
sirf,5: we can gleam information about thg octant from the leading term.

mass hierarchy: depending on the signm#,, ~ Am?;,, the oscillation probability is
either enhanced or suppressed. This differencéealetermined by comparing
neutrino running with anti-neutrino running.
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EXTRACTING NATURE'S PARAMETERS

~ Sin2(2913) Sin2(923)f_ (L7 E7 Am%l)

Am2, L Am2, L
M1 + sin d¢p Sin M1

+ 0
{cos dcp cos 15 i }

Am21

'/ X 2———==sin(013)g (LaE,Am§1,912,923)

The NO/A baseline (L = 810 km) and neutrino beam energy (E = 2 GeV)
place our detector at the fingt> v, oscillation peak.

This allows us to extract the following terms by measuriny tla@pearance
rate:
sire20,5: the leading term in this equation has alreadynbeeasured and it is large!
sirff,5: we can gleam information about thg octant from the leading term.
dcp- using the measured valueff, we can determine the CP-violating phase angle.

mass hierarchy: depending on the sigAmf;, ~ Am?;,, the oscillation probability is
either enhanced or suppressed. This differencdea®termined by comparing
neutrino running with anti-neutrino running.
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Target Magnet Near Detector Far Detector

NEAR DETECTOR EXCAVATION

Near Detector

cavern

14.6 mrad off-axis beam

NuMI Beamline g = MINOS Hall T—
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NuMI: Neutrinos at the Main Injectov ()
Off-Axis: monoenergetic beam (2 GeV)
v, Appearance

The NOvA Experiment
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BLocK 00 TIME LAPSE VIDEO

o http://www.youtube.com/watch?v=gFpK0O0WJI90&feature=s
hare&list=UUD5B6VoXv41f]-IW8Wrhz9A
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