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Overview of the Neutrino Group
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ANL Neutrino Group within HEP

-ANL neutrino program aligned with HEP mission,

i.e Intensity Frontier:
“The Intensity Frontier, where intense particle beams and

highly sensitive detectors are used to pursue alternate
pathways to investigate fundamental forces and particle
interactions by studying events that occur rarely in nature.”

-Answer fundamental unanswered questions in
neutrino physics, in particular:
1) What is the value of the third neutrino mixing
angle, 0,,?
2) Do neutrinos violate CP symmetry
and if so by how much?
3) What is the hierarchy of neutrino masses?

Zelimir Djurcic: ANL Neutrino Group Overview

A



We are making significant

v

ANL Neutrino Group Context

Plus...

contributions to FOUR
neutrino projects

Double Chooz
MINOS
NOvVA

LBNE

and

Detector R&D
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Particle Data Group

Neutrino Security/Non-proliferation
Neutrino Oscillation Industry Web
Site

http://www neutrinooscillation.org/
Soudan 2, HUSEP, UNO
OMNIS/ADONIS & COGENT
MIPP

MiniBooNE

Participation in reviews, referees...

Monthly Neutrino Newsletters sent
to > 1600.

Neutrino Outreach

Sponsor and co-organize many
neutrino meetings

Offers for more than our share of
speakers at International Meetings
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Members of the Group

» ANL Full time staff
Maury Goodman (Group Leader)
Richard Talaga
Steve Magill
Zelimir Djurcic
Jonathan Paley
» Postdocs
Xiaobo Huang
Sarah Budd
Michelangelo D’ Agostino
Matt Wetstein (partial)
» Others
Mayly Sanchez Joint Appointment, lowa State
Phil Schreiner Faculty appointment from Benedictine
Tom Fields Emeritus
Paul Bloom  Faculty appointment from North Central College
David Ayres  Emeritus
Students IMSA & Vijay Jampani
» Plus
Mechanical Group: V. Guarino, K.Wood, et al.
Electronics Group: G. Drake, et al.
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-LBNE
-Double Chooz
-MINOS
-NOVA

-Other v
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Experiments/Projects

Neutrino Breakout Session Plan (Wednesday, 5/25/11)

2:20
2:30
2:45
3:00
3:15
3:35
3:50
4:05
4:20

Neutrino Overview (Maury Goodman, 10+5)

Double Chooz Calibration (Michelangelo D'Agostino, 10+5)
Double Chooz Analysis (Zelimir Djurcic, 10+5)

MINOS (Xiaobo Huang, 10+5)
Break

NOvA DAQ (Steve Magill, 10+5)

NOvVA Operations (Jon Paley, 10+5)

NOvA PVC & Assembly (Richard Talaga, 10+5)
NOvVA Analysis (Sarah Budd, 10+5)

Detector R&D Breakout Session Plan (Wednesday, 5/25/11)

13:2
13:3
13:5

Wireless readout of neutrino detectors (15') Zelimir Djurcic
Neutrino detectors with LAPD (15') Mayly Sanchez
Dual Readout Calorimetry (10") Steve Magill




MINOS
(Main Injector Neutrino Oscillation Search)
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MINOS Timeline

1987 — First Calculations of neutrinos from Fermilab to Soudan at ANL

1990 — Letter of Intent

1991 — ANL ran “Long-Baseline Neutrino Oscillation” workshop at Fermilab

1992 — 822 proposal, ANL spokesperson

1994 — MINQOS collaboration forms

1995 — MINQS approved, HEPAP subpanel on long-baseline oscillations

2003 — MINOS Far detector completed

2005 — First Far detector event in neutrino beam

2011 — (Probable) end of data taking

2012+ -- MINOS+, (ANL not participating), will continue to maintain ND electronics

Recent papers (15 since 2009): Am?,,, search for v, appearance, search for sterile
neutrino component, atmospheric u+/u-, lorentz invariance, measurements with
antineutrinos, seasonal variations, atmospheric K/x,

Analyses in progress: atmospheric v, lorentz invariance, v, appearance,
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MINOS Current Involvement

= Phil Schreiner, convenor of “Universal Physics Analysis Group”

— Atmospheric neutrinos, cosmic rays, K*/K-, p/K

= Sarah Budd, convenor of the “Calibration Group”

= Maury Goodman, chairman of the Institutional Board, executive committee

— Atmospheric neutrinos, cosmic rays

= Xiaobo Huang, calibration, v,

= Mayly Sanchez, v,

= Tom Fields, analysis of muon production

= Dave Ayres, maintains author lists & other collaboration lists
= Richard Talaga, shifts only

= Jon Paley, database
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World’s best measurement of Am?;, Argon ne®

NATIONAL LABORATORY

Presented at Neutrino 2010 in Athens

MINOS Prellmmary

Far Detector MC MINOS PRELIMINARY 4 T
[ ' ' . ' ] - 7.2x1 O20 POT fldu0|al events
26 Fiducial events _ | B a
— F 7.2x10° POT |
< | 1 i i
[6}] - - -
7 241 =
= __ 3.5 -
NE | N - -
d22f- . >
i D s
i (32 i
27085 09 095 1 106 11 — 3l
sin%(26) ¥
~— B
CTE B e MINOS best fit
<] 5 MINOS 90%
’ '%S“LO'” 3 ’ 2.5__ — — MINOS 68% )
=2.3¢ 008 X 10"eV L ——— MINOS 2008 90% 1
[ ——— MINOS 2006 90% S
0.19 uncertainty; was 0.26 ol .
0.6 0.7 0.8 0.9 1

Zelimir Djurcic: ANL Neutrino Group Overview

a Sin22623 11



MINOS Antineutrinos Argonne‘)

NATIONAL LABORATORY

Is there a difference between v and anti-v?

A~
CV> ™ I T I I I I I 1 I I [ I I 1 I I 1 I I I I I 1 I I |
D [ —— MINOSV, 90% —— MINOS v, 90%
IR MINOSV, K 68%  ---- MINOS v, 68% - o
(4p) I —_ “ }' _ MINOS v, running
1 5 ® Bestv, Fit @ Bestv L Fit 342f :
O B H H -] MINOS Preliminary: 1.71 x10%° POT
~ | - 3.40—
p— : 7 "% 338
o el T __ é 336/
|E 4 I R DI - ng 334
< : : 332
-8 3:_ -------------------------------- _ 3‘300-5;45 085 0855 5 ?Se) 0865 087 0875
© - MINOS Prellmmary
&~ [ 1.71x10® POT v,-mode
E 2 724x10" POTv-mode . —
< b ]

5 06 07 08 09 1
sin“(26) and sin*(26)

Zelimir Djurcic: ANL Neutrino Group Overview

; 12



v

Double Chooz
(Reactor Anti-neutrino Experiment)
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Double Chooz Current Involvement
Michelangelo D’ Agostino

-leadership in calibration Z-axis system development/deployment
-simulation and analysis of 9Li and Michel electrons from stopping muons
-analysis software improvement
Zelimir Djurcic
-co-convenor of “Calibration Group”
-simulation and analysis of spallation neutrons
-reactor flux calculations and systematics
Maury Goodman
-executive committee

-oversee articulated arm system and funding
-0, sensitivity studies

Everyone is participating in:
-data analysis at collaboration level
-data analysis within US cluster
-work with summer intern students ( V.Jampani(current), A.Rizvi, J.Adams(last year) )
-preparation for the radioactive source deployment
-preparation for the data analysis of deployed radioactive sources
_GlistieRiresr ¥ HEftino Group Overview
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Double Chooz Schedule

Far

Detector:

e Far Detector commissioned and taking physics data form April 13,2011.

Remaining tasks:
-The lower Outer Veto (OV) installation is under way — date JunelO.

-The deck installation after the lower OV system is in place — end June 24.
-The glove box installation — end date July 1.

-The clean tent installation — end date July 8.

-The Z-axis deployment system installation and commissioning,

radioactive source deployments in the target by mid-July.

-The upper OV is installed after the first calibration deployments (FD complete).

First Results on 0;:
-Expect Far Detector only result this summer when sensitivity to 0,; better than

original CHOOZ sensitivity (~3 months of data at full reactor power).
-Interpretation may be complicated by the reactor neutrino anomaly

Near Detector:

v

Near Detector Lab Construction started 29th April 2011.
The lab will be delivered in March-April 2012 ready for physics.
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Double Chooz Current Status
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ANL Analysis Examples

-spallation neutrons
-Michel electrons
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NOvVA
(NuMI Off-Axis v, Appearance Experiment)
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NOvVA Current Involvement

mSarah Budd

-module construction

-Quality Control of detector
components

-mechanical hardware database
-multiple analysis tasks

»Zelimir Djurcic

-Developing leak checking system
for Near and Far Detectors
-Booster Beam Simulation

"Maury Goodman

-Speakers Committee chair

*"Vic Guarino

-Engineering Team

= Xiaobo Huang

-Developing calibration techniques
with stopping muons

-Preparing for analysis of cosmic

ray induced-backgrotndg eriew
-

sSteve Magill

-Developed data-logger for DAQ.

-Developing "cheater" for algorithm
optimization.

-Optimization of the Near Detector

-e/pi0 selection algorithm

"Jon Paley

-NOvVA Run coordinator

-database coordinator

-developer of DAQ Run Control
and Resource Manager

-IB member

"Mayly Sanchez

-Offline Coodinator

"Rich Talaga

-Level 2 manager for PVC

-EC member

-realized large powder & extrusion
contracts for Far Detector
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NOvVA Schedule

" Prototype Near Detector (NDOS) - operational, taking data.
-Regular shifts started.
= Start Far Detector construction at Ash River — Fall 2011
= Accelerator shutdown starts for NOvA - March 2012
= Beam returns at 700 kW, with ~2/3 of Far Detector ready — Feb. 2013
= Expect Far Detector complete by Fall 2013
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Module Stacks & Leak Test Station NOV A NDOS Constructi()n
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ANL Analysis Examples

e, ¥ rejection with transverse H-Matrix
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LBNE
(Long-baseline Neutrino Experiment)
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LBNE: Argonne Role

Inside the box

— Veto detector for Liquid
Argon option

e Jon Paley, L3 manager
— Collaboration management

* Maury Goodman, Deputy
Spokesperson

— Calibration

e Mayly Sanchez,
Calibration coodinator

— Water Cerenkov testing

e Thinking about a large
water test facility at ANL
for mounting, pressure,
vibrations, water
transparency, etc.
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Outside the box

LAPPD

— Simulations by Mayly
Sanchez & Matt Wetstein

Wireless electronics & HV
— LDRD by Zelimir Djurcic

— Related work of David
Underwood

Water based scintillators

— Following work at BNL
Other New Ideas

— DEAOJALUS idea
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Liquid Argon Veto

Veto at top & bottom or walls?

Purpose is to identify muons which might
lead to a K|, which could cause |
background for proton decay (p—vK*)

— Alternative schemes to study:

Zelimir Djurcic: ANL Neutrino Group Overview
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Possible Water Tank at ANL

New idea for large water tank (~1000 tons of water) for:

To be developed and presented at Water Cherenkov workshop in July 2011

Testing mounting prototypes

Testing pressure

Testing vibrations

Testing wireless electronics

Testing wired electronics

Testing battery sources of power in water
Testing water transparency

Testing water based liquid scintillator
Testing LAPPD compatibility with water

Zelimir Djurcic: ANL Neutrino Group Overview
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Plans
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Short Term

-MINOS, Double Chooz and NOVA can keep us quite busy in next 5 years:
-MINOS: analysis, expect reducing activity in next year.
-Double Chooz: taking data, expect peak in 2-3 two years.
-NOVA: very active, will be peaking right after Double Chooz

-LBNE: expect to steadily grow our involvement over a long period (>5 year).

-Will learn on the size of 0, from current involvement:
-If 0,5 1s large enough, an ambitious long-baseline program of some is in our
future.

-If 0,5 1s smaller, a slower program to continue pushing the sensitivity will be
a top priority.

Zelimir Djurcic: ANL Neutrino Group Overview
29



v

Longer Term Opportunities

We expect to shape the filed and follow new developments to the
far future:
-possible evolution of neutrino goals
-short baseline neutrino workshop discussed follow up
on anomalies (LSND, MiniBooNE, MINOS, reactor
anomaly)
-possible new techniques
-LAPPD detector
-wireless readout
-LAr development
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