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S Measurements of Atmospheric Neutrinos
7$ Using the MINOS Detector

>y
A L. A. Corwin (Indiana University) for the MINOS Collaboration

Atmospheric Neutrinos

Cosmic Rays

\ *Cosmic rays impinging on the atmosphere pro-
duce cascades of particles, including neutrinos
Oscillation of v to other flavors appears as
a v, deficit for certain values of path length
(L) and v energy (E).
oL varies from ~10 to ~13000 km
#MINOS measures L/E across 4 orders of
magnitude
*Oscillations in v, and v, are detected

MINOS Fa

r Detector

The detector is composed of 2.54
cm steel plates (total of 5.4 kton)

d interleaved with plastic scintilla-
tor. Its depth (700 m) provides
shielding from cosmic rays. A 1.3
T magnetic field produced by a
coil along the long axis allows
separation of u* from - and thus
vy from ¥y, which is unique
among underground v detectors.

Data Pre-Selection
Between 1 Aug. 2003 and 1 Aug. 2008,
1657 live days (24.6 kton-Yrs) of data
were collected. We select events that

Event Selection

Two Event Categories

have clean showers (ve and neutral
current interactions) and tracks (v,
charged current interactions). Our
primary background source is cosmic
ray events. The signatures for atmos-
pheric v are fully contained (FC), par-
tially contained (PC), or upward-
going events.

ing data.

e ray events.

downard disection of the track

e Upward-going tracks from interactions in
the detector or rock are identified using tim-

== eFC and PC events within the detector fidu-
cial volume are identified using containment R
and topology cuts applied to the top of the

- event and a scintillator shield to veto cosmic

Events Selected for Analysis
We divide data events into 3 samples:

: 572 events
eContained Vertex

ov Induced Rock u:
264 events

Xim
Reconstructed vertex positions are
shown above.

*FC or PC u events:

Showers: 292 events|

Oscillation Results

MINOS Preliminary. MINOS Preliminar P
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v/v
showers. In the limit of two flavor oscillations (v, <>v:), we perform a

Charge Ratio Results

We use a high resolution subset of
data with clean tracks and well-
measured charge to calculate ratio
of v, to v, events. We compare this
ratio for data and MC (using the
2008 MINOS oscillation parame-
ters) to check the consistency of v,

o
A /eV?

We divide the data into bins of bins of L/E resolution with 5 bins for R‘,fa/‘;“ .. to v oscillations. The resulting double
FCPC events, 2 bins for rock u events, and one bin for contained vertex RMC — 1.04%575 £ 0.10 ratio is consistent with unity and thus

with equal oscillations for v, and v,.

maximum likelihood fit to the reconstructed L/E distributions to obtain
oscillation parameters. For our v sample, we fix the ¥ parameters to the
the MINOS v best fit oscillation parameters from 2008. Then, we per-
form the opposite analysis for our vV sample. Systematic uncertainties
are fitted as nuisance parameters. The results of the fit are shown in the
contours and values below. Limits and uncertainties are at the 90%
confidence level. | AT
e

2
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To test the consistency of the v and ¥ mass differences, we perform our
fit with the mixing angles fixed to maximal mix-
ing and the mass differences allowed to vary.

10 ~™ { The results are consistent within uncertainties,
as shown at left and below.
1 |Amdy| —| ATz, = 0.4535 x 1073 eV?

(for sin®(20a3) = sin®(26a3) = 1.0)

Future: Mass Hierarchy

The ability of MINOS to distinguish between
v and ¥ allows us to search for the mass hier-
archy. The number of y* and -, for certain
values of energy and angle, depends on the
mass hierarchy. The plots at left show the
the events rates for u- calculated from simu-
lations for MINOS for the normal (top) and
inverted (middle) hierarchies. Plotted at bot-

tom is the difference between the two rates,
divided by their uncertainty.

We are currently determining how to use sta-
tistical tests (such as 2 or Kolmogorov —
Smirnov) to compare the atmospheric data

with simulations for the two hierarchies and
calculate which hierarchy is more consistent
with our data.

: We plan to include the additional data taken
¢ since 1 Aug. 2008 in this search.

Luke Corwin

‘Measurements of Atmospheric

Neutrinos using the MINOS Detector

THE NEW (g-2) , EXPERIMENT I I

- AT FERMILAB
’ A PROPOSAL TO MEASURE THE MUON ANOMALOUS

MAGNETIC MOMENT TO O.14 PPM PRECISION

ANOMALOUS MAGNETIC MOMENT

NEW PHYSICS AND (g-2),,

From Fermilab facilities design report

Three general classes: H @ H

Order 100 GeV with weak couplings
= within current sensitivity ( IV, Z, Gy...)

Several hundred GeV with enhanced couplings
= within current sensitivity ( SUSY + tanf)

O HONT N /v \M
e k4 ’

: Several hundred GeV with weak couplings
= within sensitivity of new (g-2), exp at FNAL
=Large overlap with Tevatron/LHC program

afael, Roberts, Rep, Prog. Phys.70, 795 (2007)
laescu, Yuan, Zhang, Eur, Phys. J €66, 1 (2010)
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Exp: E821,PRD73, 072003 (2006)
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THE EXPERIMENT WHY FERMILAB e |

Shim magnet to

Use existing E821 storage Count positrons (6B>"" <lppm Can use existing p production
ring from Brookhaven with new, N ® - facility "
segmented H ]
Polarized 4 at ppog calorimeters é 10x longer zdecay channel /
% 5-10x higher 1/ p ”

1“""'7” 27lo,

432101234
radial distance (cm)

Sx higher fill rate so same \
instantaneous rate e

#positrons versus m\w

= - i i a,=|— |-+ 21x E821 stats
S p tmemwsn G| e ola
due to precession y
STATUS Next few years: FUTURE

World class x program at
Fermilab with new (g-2),
and Mu2e

['H-Sourco S8 3 Gov, 0.7mA W Linac

Next generation:
Continue and expand program

Strongly endorsed by Fermilab Physics Advisory Committee
and supported by Fermilab Management

Dedicated 2 EDM exp.
Being reviewed this summer by DOE Office of Science

Next generation Mu2e
International collaboration of >70 scientists in 22 institutions

ready and able to conduct experiment. Can take data as using available intensity from g-20f i
early as 2014. Project X o
Nuckear ) Muoas.
=
BRENDAN CASEY FERMILAB WILSON FELLOW BCASEY@FNAL.GOV

Brendan Casey
‘The new (g—Z)M Experiment
at Fermilab’
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Lars Sonnenschein
‘Measurement of the charge ratio of
Atmospheric Muons with the CMS Detector

Abstract

Fermilab operates the world’s most intense source of antiprotons.
Experiments have been proposed that can use those antiprotons
either parasitically during Tevatron Collider running or after the
Tevatron Collider finishes in about 201 1.We summarize the physics
goals and potential of the proposed experiments.

Proposed tal aches

FNAL Antiproton Source is world’s most intense —
even after FAIR@Darmstadt turns on (~2018)

e Example Feynman diagrams
(Standard Model):

s

tree: Opportunity for small, simple experiments soon after

Tevatron finishes

e Medium-Energy experiment: “upgraded E835” with
magnetic spectrometry:
1T solenoid

penguin:

U ————u p
d—s»——d

New physics can contribute too!

Asymm. Mode SM NP

A A—pr <10+ <6x102 P use existing E760 calorimeter,

Az ZF S Am A—pr S05x107% <1.9x1073 BESS solenoid, & D@ VLPC s SN
Agp Q- AK, A—pr <4x107% <8x107° photodetectors & DAQ boards

Az Q — 07 2x107° <2x107** _ _

Ank Q- AK <1x107%  <1x10° e [ ~10% feasible = ~108 pp = Q- Q* events/year

o Slow-H expts: decelerate in M| & degrade into trap

Rare decays:
HyperCP observed 3 ° | E o
- HyperCP observed 3 . . .
35 - puty- events g‘_ é‘ ] Possible future upgrade: add small decelerator ring
- Consistent with a @
new low-mass ° * Toms zis avs
PO W, i)
e Aim to start with pp = Q- Q* Pp can directly form states of all non-exotic |
;e ~10-6 ~ 104 — - .
e Sensitive to B ~107, CPasymm ~ 10 ® pp capable of precision mass & width meas®, e.g.:
® Probe both parity-conserving and violating "
interactions = complementary to K & B studies I Xel A2

FNAL E760 £ f
Om (beam) = §
0.5 MeV , ,}

P R R e p————

® H-in-flight CPT test feasible:

REVIEW D VOLUME 57, NUMBER 11
Measuring the antihydrogen Lamb shift with a relativistic antihydrogen beam Directly study singlet states: ¢, he,Nc(2S) & other
,
G. Blanford, K. Gollwitzer, M. Mandelkern, J. Schultz, G. Takei, and G. Zioulas -1
O ersi of Calfomial Inine. e, Catfomnia 3717 non- 1" states (e.g. %c's) XYZ States

D. C. Christian State Mass Decay Modes
Femia, i s 0510 P Are XYZ states |t s T Tumn amr Gy
€. 7. Munger charmonium or [x@en) 38755:07 CrEd

Stanford Linear Accelerator Center, Stanford Universiy, Stanford, California 94309 . - .
(Reccived 18 December 1997; published 4 May 1998) hybrids or...? 2(3930) 392916 bbb

Y(3940) | 7 3943117 Iy w

We propose an experiment to measure the Lamb shift and fine structure (the intervals 25,2~ 2p 2 and

2p12—2pyz) in antihydrogen. A sampl of 10 000 antihydrogen atoms at a momentum of 855 GeV/c sulfices X(3040) | 7 | aeazs0 oD
1s excite antihydrogen atoms to -
field ionization in a Lorentz-transformed laboratory magnetic ficld then prepares a particular Y(4008) 4008465 Iy
e, an again 10 analyze that sat aftr it is llowed 10 osillte in a region of 7ero fcld. This X(@160) | 7 | 4156127 DD

2 state, and
experiment is feasible at Fermilab. [S0556-2821(98)04711-0]

- Y(4260) |~ | 4259,4284 4247 Jig T, Iy e, iy KUK
e Interferometric H gravity test: A direct limit V@350 4324, 4361 w@s)
. . L . 7" (4430) 443315 wes)
- simple solution to missing antimatter & dark energy: Y@620) | - | 4464x13 wEs) T

—> could matter & antimatter repel gravitationally?

X 0+ cross-section estimate (aftr E. Brasten,
- more generally, quantum gravity can have scalar & vector M Phys. Rev. D 77, 034019 (2008))

terms as well as tensor
— e
=g/lg=1t¢ e o(pp = D*D) ~ | pb? 7
= >10'0 events produced /

- measurement feasible with proven technology (trapping,
atomic interferometer) - charm mixing: new physics? .
- goal: determine € first to 10~ (gratings), then 10~ (lasers)

) Potential world’s-most-
) First test of Equivalence Principle for antimatter sensitive measurement
\

Daniel Kaplan
‘New Experiments with Antiprotons’
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Future IUPAP CI | sponsored conferences

http://www.iupap.org/

® 25th International Symposium on Lepton-Photon
Interactions

e LP 2011 in Mumbai, India
® August 22-27,201 |

® 36th International Conference on High Energy
Physics

e [CHEP 2012 in Melbourne, Australia
® July4-I12012 - note date change

® Proposals for LP 2013 & ICHEP 2014 were
reviewed by CI | this week. O

Melbourne

IUPAP Commission on Particles and Fields (CI I)
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® 26th International Symposium on Lepton-Photon Interactions

e LP 2013 will be hosted by SLAC in the USA

® 37th International Conference on High Energy Physics
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We look forward to seeing you
at the Lepton Photon
Symposium in Mumbai

August 22-27,201 |

IUPAP Commission on Particles and Fields (C1 1) - iupapcl |.org



http://www.iupap.org/

More information:

Tuesday, July 27, 2010



