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The MINOS(+) Experiment

@Tracking sampling calorimeters
@steel absorber 2.54 cm thick (1.4 X,)
@scintillator strips 4.1 cm wide (1.1 Moliere
radii)

@ 1 GeV muons penetrate 28 layers

@Functionally equivalent
@same segmentation
@same materials

systematic effects @same mean B field (1.3 T)

@beam flux mis-modeling

@ Two detectors mitigate

@Neutrino x-sec uncertainties

2 !T/E ~150-250 km/GeV —

B

@ Magnetized:

@ muon energy from range/curvat
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V,, disappearance

=

* Predict un-oscillated spectrum at the further detector

using the nearer detector and knowledge of kinematics

Pv,—v,)=1- sin” 20sin”(1.267Am’°L/ E)

v, spectrum

Unoscillated

Oscillated

‘Visible energy (GeV)
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VE disappearance

* Predict un-oscillated spectrum at the further detector

using the nearer detector and knowledge of kinematics
Pv,—v,)=1+ sin” 20|sin” (1.267Am°L / E)
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VE disappearance

* Predict un-oscillated spectrum at the further detector

using the nearer detector and knowledge of kinematics
Pv,—v,)=1- sin” 20 sin” (1.267Am L/ E)

3 - 1.4,
g Vu Spectrum 9 - spectrum ratio
S300[- . S 1.2-
w Unoscillated = -
7)) 1:’ """"""""""""""""""""""""""""""""" '
o 8
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FHC (neutrino mode)
in RHC (anti-neutrino mode)

| was for 1.6x10%" p.o.t. This has

runs are included)
Total NuMI protons to 00:00 Monday 30 April 2012

Total Protons (E20)
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new precision fro
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g the door to CP




V__appearance : MH and O,

@ At L/E~500 km/GeV, dominant oscillation mode is v,—V,
oA few percent of the missing v, should change into v,
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S

* The experiments look for VvV, appearance in the v beam

* |In a steel detector (MINOS), it is not easy, with low
efficiency and purity

* Data driven measurement of the backgrounds using the
identical near detector allow sophisticated Multi-variant
analyses

* T2K use the Super-K water Cherenkov detector, good
» purity and reasonable efficiency make for a much cleaner
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— MINOS Best Fit 6,,<1/4
MINOS Best Fit 0,,>7/4

[ 68% C.L. 6,,</4

B 90% C.L. 6,,</4

Am? <0

10.6x10%° POT v-mode
3.3x10%° POT v-mode

MINOS
PRELIMINARY
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2sin’(20,,)sin’0,,




»5 Am?, find
or IH and MH

| 0,,, this
, two for

ence Level (%)

Exclusion C

== Normal Hierarchy MINOS
= Inverted Hierarchy PRELIMINARY

8,5 = 0.159 + 0.011
05 = /4 +0.10

10.6x10?° POT v-mode
3.3x10%° POT v-mode




of 6.,, and
3,Amz, find
or IH and MH
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AM?>0, 0,,>T/4  MINOS PRELIMINARY

— AM*>0, 0,,<n/4
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AM?<0, 8,,>7/4

, —— AM?<0, 8,,<n/4

10.6x10%° POT v-mode
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Global Fits

®* The information from every neutrino needs to be
used!

* Reactors use MINOS Am® to get their 0,,: Super-K

use this 0., in 3-flavor fits to get another Am?...

13
®* Systematic correlations between experiments are not
always being handled at all

* Would be good to set up a experimental global-fit
* group a la LEP, to make sure no neutrino is wasted!

)
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Fermilab-NuMI

NuMI beam is being upgraded to NOVA configuration (ME) and 700kW, 6e20/y

MINOS+ will search for any non-standard effects at high precision (10,000 events
in 3 years near oscillation maximum)

NOVA is the flagship experiment for mass hierarchy and CP violation

Full exploitation of the NuMI facility could provide opportunities for augmentation
of present suite of experiments
— Large Liquid Argon detectors — Water Cherenkov detectors? — LSc detectors
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MINOS+

The overarching reason to run MINOS in the NuMI-NOVA beam
Is to look for new physics in a previously unexplored region

3000 events/year between 4-10 GeV near oscillation maximum

Precision experiment to ascertain deviations (or none) from
“standard” 3x3 mixing matrix

15 T 1 T T | T T T T |
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or MINOS+ for more
etty insensitive to primary

No sterile neutrinos

AmZ, = 2x102 V2, sin?(26,,) = 0.2

e24
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MINOS+ Goals

DimenSion 5 non-standard o MINOS, L = 735 km (without matter effect)
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NOVA

agship experiment for
decade




2.9m
Near
Detector

0 Massive, Low-Z, 65% active Far Detector WS
» 1 15 kton, 810 km from source '

o Functionally equivalent Near Detector to
ate systematic uncertainties

Q\)n Near Detector, 1 km from

source
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NOVA construction
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NuMI : MH,CP.0,.

~GaANAdatH wy s i s

Further exploitation of the NuMI § T
beam seems obvious = e

Beam power and detector mass
are directly tradable

Consider possible experiments:
— Off-axis at Ash River L/E=400

— On-axis on surface at Soudan or
beyond L/E = 300

— On-axis underground at Soudan
Laboratory L/E = 300

* — Giant Water Cherenkov detector in
™ alake or pit L/E=400

—\ixternal ideas could gain traction!

AD .
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Experimental signatures

Events / 250 MeV
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Focus on MH : GLADE

3 | -_, / \\/Z\/*m__*,__#__ Ay Vi

@ Total volume available is 18m x 18m x 24m
@ Will fit in at other end of Laboratory (pity its not at other end!)

@ If dual phase used, height for drift distance will limit mass

\*0 18m x 24m x 8m = ~5kT
J “fmndard” wire readout used, maximum is closer to 10kT
o »

@ Space is ready: more power is needed
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CHIPS Lake Superior Bathymetry

Bathymetry (meters)

124 to 171
171 to 218
B 218 to 266
I 266 to 313
I 313 to 360
I 360 to 408

erenkov innovations
e R&D, but tested technology
ly way to get >100kt affordably

ould be underwater in Lake
superior (off —axis), or a mining pit
(on-axis), below the freeze zone T o
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mass needed compared to LAr

of water = 5 kt of LAr
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Focus on O, : CHIPS

* |deas for conceptual design:

— Use large area MICPs being developed at ANL : 8100 for ~27kt
for a demonstrator

— Flat, good coverage, good QE devices, could help in having full
Cherenkov coverage (Super-K is 40%)




Some pictures of events

1.7GeVy, CC (200 nm <A <800 nm)
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Harry Themann
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The Point

* Both 0., and Mass Hierarchy need an appropriate L/E
* However, very long baseline NOT necessary for 0.p

* Once you know MH, CP violation needs a wide band beam
to investigate the spectrum

* NuMI beam might be lucky and find that 0, is in the right
place to identify the MH

* More mass will be needed to get good measurement of
Ocp NO Matter what!

» Work can start on o, with the NuMI beam.

_
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h



Summary

* 0., in LBL experiments offers more than just 0,.!
* MINOS+ will pick up where MINOS leaves off

— Large reach in sterile search

— Any non-standard effects should be seen with MINOS+

— Continue high precision “standard parameter” measurements
* NOVA has started construction and will start taking

data with 5kt in summer 2013

Y NOVA (+ GLADE) might be lucky with MH
» — (other experiments such as DB-LB, PINGU.. Could be first)

*Annew water experiment in the NuMI beam could
measure O,



Personal Note

Contrary to popular belief, the scientific landscape In
the US looks very interesting, with a number of
possibilities for new ideas, which will not face the
congressional approval process.

DOE has encouraged thinking along these lines for
Snowmass in July.

European collaboration is very much encouraged in this
vision of the (near) future

Sign up to the email list:

(no subject)

\- subscribe e-numi (in the body)
»

»



Words from Jim Siegrist

Jenny, Nice to chat to you again today about challenges in
neutrino physics. One of the main items we discussed was our
need to try to generate a neutrino program with a steady stream
of new science results coming out. There is a great deal of interest
in this issue in the Washington Bureaucracy. Good ideas, especially
ones that are less expensive, are always welcome in the office of
science in that sense. If members of the community have ideas,
aven It they don't it In the current picture, the Office of HEP is
interested in hearing about them, as | am sure your colleagues are
interested in as part of the 'Snowmass' DPF planning process.
Good luck with your upcoming meeting, | hope these short
comments help generate interest in the community in generating
novelideas.
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The 8t Rencontres du Vietham

—\iet Nus 2012 —
Toward CP V|olat|on e

T — i -

Impllcatlons of Lepton-€P violation

Experi , st%_e;gyz oy

Beam chidtienges ~ < 5 : , : :
e Qui Nhon is a coastal town in
Neutrmo ﬂUX modelmgﬁ% SR SN o e T T central Vietnam. It is about one hour

one and a half hour from Hanoi. Qui

‘D‘%tors —— e e o flight from Ho Chi Minh City and

N

\Contaegimn" SRR
—— Jenny Thomas: ']tﬁomas@hepuekacuk
“Karol Lang: lang@physics.utexas.edu

www.hep.utexas.edu/VietNus2012

Nhen_has had a university for more
than 50 years with 30 000 students
with mgjers in science. The origins

s S5 he Yewn stretch back to the 11t

cenfury Cham civilization, whose
Vestiggs‘can be visited. The region is
rich in historical remains.The
present town was officially founded
over 100 years ago.




