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Program at BNL
• E787/E949:  analysis of past rare kaon decay 

data. 

• MINOS: running of the MINOS experiment and 
analysis 

• LBNE project: search for CP violation and 
precision measurements of neutrino 
parameters with a very large detector. 

• MicroBooNE and development of large liquid 
argon TPC as part of LBNE. 
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People
Project BNL personnel

E787/949 Diwan, Jaffe, Frank, Kettell, Littenberg, 
Viren, (Zhe Wang)

MINOS Bishai, Jaffe,Diwan, Viren, (Kevin Zhang, 
Lisa Whitehead)

LBNE Bishai, Diwan, Kettell, Littenberg, Stewart, 
Viren

MicroBooNE/
LArTPC

Lanni, Lissauer

Postdocs in parenthesis
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Collaborators
Project Collaborating Institutions

Recent collaborative 
work with BNL 

participation (partial 
list)

E787/949
NDA(Yokosuka), Osaka, Fukui, Alberta, INR(Moscow), 

IHEP(Protvino), KEK(Japan), Kyoto, FNAL, BritishColumbia, TRIUMF, 
New Mexico, Princeton, BNL

Analysis of PNN2 
(PRL101.191802)

PRD pnn1
PRD pnn2

MINOS

Argonne, Athens, Benedictine, CalTech,Cambridge, IF-UNICAMP, 
Paris-7, FNAL, Harvard, Illinois, Indiana, ITEP, Lebedev, LLNL, 

London, Minnesota, Oxford, Pittsburgh, RAL, Sao Paulo, South 
Carolina, Stanford, Sussex, Texas A&M, UT-Austin, Tufts, Warsaw, 

Western Washington, William & Mary, BNL

Systematics of beam, 
Muon disappearance 

analysis, Electron 
appearance analysis, 
anti-numu analysis 
offaxis miniboone

LBNE

Wisconsin, FNAL, Michigan State, Yale, Boston, StonyBrook, 
Colorado,  UPenn, LBL, Columbia, Minnesota, Kansas,  York, 

Princeton, Indiana, Utah, Catania, Iowa, Colorado-state, Wurzburg, 
William&Mary, UCLA, LLNL, Orsay-LAL, Orsay-IPN,  Tokyo,  Irvine, 

Davis,Duke, Drexel, Maryland,  RPI,  BNL... and  Growing 

US longbaseline study,   
proposal for 

Homestake Water 
Cherenkov Detector, 

Depth report  

MicroBoone/
LAR

Yale,FNAL,LANL, Columbia, MIT, Michigan State, Princeton, St. 
Mary’s, UCLA, Cincinnati, UT-Austin, BNL

MicroBoone 
Proposal. CDR prep. 

Electronics 
development.
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E787/E949
• All analysis on K+→π+ ν anti-ν is 

now complete. 

• One of the most important tests of 
the Standard Model. (GIM 
suppressed FCNC process)

• We have found 7 events with varying 
levels of backgrounds. The 
probability that all events are backg. 
is 10-3

• Branching ratio measurement 

ar
X

iv
:0

9
0

3
.0

0
3

0
v

1
  

[h
ep

-e
x

] 
 2

8
 F

eb
 2

0
0

9

Study of the decay K+
→ π+νν̄ in the momentum region 140 < Pπ < 199 MeV/c

A.V. Artamonov,1 B. Bassalleck,2 B. Bhuyan,3, ∗ E.W. Blackmore,4 D.A. Bryman,5 S. Chen,6, 4 I-H. Chiang,3

I.-A. Christidi,7, † P.S. Cooper,8 M.V. Diwan,3 J.S. Frank,3 T. Fujiwara,9 J. Hu,4 J. Ives,5 D.E. Jaffe,3

S. Kabe,10 S.H. Kettell,3 M.M. Khabibullin,11 A.N. Khotjantsev,11 P. Kitching,12 M. Kobayashi,10

T.K. Komatsubara,10 A. Konaka,4 A.P. Kozhevnikov,1 Yu.G. Kudenko,11 A. Kushnirenko,8, ‡ L.G. Landsberg,1, §

B. Lewis,2 K.K. Li,3 L.S. Littenberg,3 J.A. Macdonald,4, § J. Mildenberger,4 O.V. Mineev,11 M. Miyajima,13

K. Mizouchi,9 V.A. Mukhin,1 N. Muramatsu,14 T. Nakano,14 M. Nomachi,15 T. Nomura,9 T. Numao,4

V.F. Obraztsov,1 K. Omata,10 D.I. Patalakha,1 S.V. Petrenko,1 R. Poutissou,4 E.J. Ramberg,8 G. Redlinger,3

T. Sato,10 T. Sekiguchi,10 T. Shinkawa,16 R.C. Strand,3 S. Sugimoto,10 Y. Tamagawa,13 R. Tschirhart,8

T. Tsunemi,10, ¶ D.V. Vavilov,1 B. Viren,3 Zhe Wang,6, 3 N.V. Yershov,11 Y. Yoshimura,10 and T. Yoshioka10

(E949 Collaboration)
1Institute for High Energy Physics, Protvino, Moscow Region, 142 280, Russia

2Department of Physics and Astronomy, University of New Mexico, Albuquerque, NM 87131
3Brookhaven National Laboratory, Upton, NY 11973

4TRIUMF, 4004 Wesbrook Mall, Vancouver, British Columbia, Canada V6T 2A3
5Department of Physics and Astronomy, University of British Columbia, Vancouver, British Columbia, Canada V6T 1Z1

6Department of Engineering Physics, Tsinghua University, Beijing 100084, China
7Department of Physics and Astronomy, Stony Brook University, Stony Brook, NY 11794

8Fermi National Accelerator Laboratory, Batavia, IL 60510
9Department of Physics, Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan

10High Energy Accelerator Research Organization (KEK), Oho, Tsukuba, Ibaraki 305-0801, Japan
11Institute for Nuclear Research RAS, 60 October Revolution Prospect 7a, 117312 Moscow, Russia

12Centre for Subatomic Research, University of Alberta, Edmonton, Canada T6G 2N5
13Department of Applied Physics, Fukui University, 3-9-1 Bunkyo, Fukui, Fukui 910-8507, Japan

14Research Center for Nuclear Physics, Osaka University,
10-1 Mihogaoka, Ibaraki, Osaka 567-0047, Japan

15Laboratory of Nuclear Studies, Osaka University,
1-1 Machikaneyama, Toyonaka, Osaka 560-0043, Japan

16Department of Applied Physics, National Defense Academy, Yokosuka, Kanagawa 239-8686, Japan
(Dated: February 28, 2009)

Experiment E949 at Brookhaven National Laboratory has observed three new events consistent
with the decay K+ → π+νν̄ in the pion momentum region 140 < Pπ < 199 MeV/c in an exposure
of 1.71 × 1012 stopped kaons with an estimated total background of 0.93 ± 0.17(stat.)+0.32

−0.24(syst.)
events. This brings the total number of observed K+ → π+νν̄ events to seven. Combining this
observation with previous results, assuming the pion spectrum predicted by the standard model,
results in a branching ratio of B(K+ → π+νν̄) = (1.73+1.15

−1.05) × 10−10. An interpretation of the
results for alternative models of the decay K+ → π++nothing is also presented.

I. INTRODUCTION

This article is a detailed report of the final results
from experiment E949 at Brookhaven National Labora-
tory on the study of K+ → π+νν̄ in the pion momentum
region 140 < Pπ < 199 MeV/c [1]. The observation
of K+ → π++nothing, a charged kaon decay to a single
charged pion and no other observable particles, is evalu-

∗Now at Department of Physics, Indian Institute of Technology
Guwahati, Guwahati, Assam, 781 039, India.
†Now at Physics Department, Aristotle University of Thessaloniki,
Thessaloniki 54124, Greece
‡Now at Institute for High Energy Physics, Protvino, Moscow Re-
gion, 142 280, Russia.
§Deceased.
¶Now at Department of Physics, Kyoto University, Sakyo-ku, Ky-
oto 606-8502, Japan.

ated within the framework of the standard model (SM)
and in terms of alternative models.

A. Interpretation of the decay K+
→ π++nothing

The only significant SM contribution to the exper-
imental signature K+ → π++nothing, where nothing
represents experimentally unobservable particles, is
K+ → π+νν̄ where νν̄ is νeν̄e, νµν̄µ or ντ ν̄τ as discussed
in Ref. [2]. The calculation of the branching ratio has un-
dergone continual theoretical refinement and experimen-
tal narrowing of the relevant input parameters since the
first modern treatment of this process [3, 4]. A recent as-
sessment of the prediction for the branching ratio of this
process is B(K+ → π+νν̄) = (0.85 ± 0.07) × 10−10 [5]
where the quoted uncertainty is dominated by the uncer-
tainty in the Cabibbo-Kobayashi-Maskawa quark-mixing
matrix elements. This assessment included new small

PRL 101: 1918021,2008
PRD 77: 052003, 2008
arXiv:0903:0030,2009

Referee:  ... surely the most relevant experimental result in kaon physics in the past ten years. 

3 recent Ph.D. thesis
5
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MINOS 2006-2009
• We were very active in the commissioning of 

MINOS. 

• We are key repository of knowledge on the 
experiment’s software structure and beam 
monitoring. 

• We have participated in many analysis groups, 
including leadership of the beam systematics group 
and the nue analysis group. 

• Papers on nue and anti-numu being prepared. 

6
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Accumulated Beam Data

RUN I

1.27x1020 POT

Higher 
energy 
beam

0.15x1020 
POT

RUN II

1.87x1020 POT

RUN III

>3x1020 POT

2006 νµCC publication 2008 νµCC pub.
νe results

Run III
Ongoing,

not analysed 
yet

7

anti-νµ results
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MINOS Beam Work

Beam
Systematics

Group Report

Mary Bishai,
Phil Adamson,
Alfons Weber

Flux Stability

Fitting He
Flux
Data Driven
FLUGG He
results

FLUGG - v19
comparisons

Muon Monitor
Flux Fits

Summary and
Task List

Fitting the He flux using data driven
methods and FLUGG

FLUGG = G4NuMI geometry + FLUKA08 unified
interaction/focusing simulation

G4NUMI Horns G4NUMI Absorber

• Slow decrease in event rate seen at 
the peak, perhaps due to target 
degradation.

• Extremely precise simulation work 
now in progress. 

• Will be based on data
• Will have broad applicability. 
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Beam
Systematics

Group Report

Mary Bishai,
Phil Adamson,
Alfons Weber

Flux Stability

Fitting He
Flux
Data Driven
FLUGG He
results

FLUGG - v19
comparisons

Muon Monitor
Flux Fits

Summary and
Task List

Going down.. going down...

νµ rate is still decreasing at low energy - rate unchanged
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Mary Bishai is co-convener of this group
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νμ disappearance result
• See strong energy dependent 
distor9on of spectrum

• Predic9on using near detector 
data. No osc.: 1065+‐60

• Observa9on is 848

• Energy spectrum fit with the 

9

  |Δm2
32|=(2.43±0.13)x10‐3 eV2 

        at 68% C.L.

sin2(2θ23) > 0.90  
        at 90% C.L.

PRL 101 131802. Credit goes to the 
entire MINOS team, esp. FNAL acc. 
division.

Best measurement
with 1/2 the 
expected data. 
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MINOS νe appearance 

• Analysis on 1/2 of the MINOS data is complete. 
Paper in preparation. 

• Analysis has generated a number of new and unique 
ideas. 5-6 theses with unique intellectual 
contributions.

• More data and further improvements are expected. 

• Diwan has been involved in this analysis since the 
beginning. (co-convener 2003-2008).

• Lisa Whitehead is a key person in the analysis from 
BNL. 

10
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• Opportunistic physics. Neutrinos at ~110 mrad.  
• BNL contribution to this analysis was the beam 

information including timing and normalization. 
• PRL102  211801.
• First analysis of such off-axis neutrinos. 

• Off-axis technique was first proposed for 
BNL-E889  in 1995   BNL-52459, April 1995. 

Off-axis miniboone 

11

νμ

νe
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Fermilab
Neutrino beam using

high energy high intensity 
proton accelerator

(0.5-2.0 MW)

Homestake

1300 km

300kTfiducial

water Cherenkov
3 modules
4850ft level BNL

New Initiative: Long Baseline Neutrino 
Experiment (LBNE)

12
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LBNE development

Documents Workshops and reviews
NNN99 proceedings, editors C.K. Jung and M. Diwan
Extra longbaseline..., W.Marciano, arXiv:hep-ph/0108181, Aug2001
D. Beavis, et al., hep-ex/0205040, 2002
Very longbaseline..., M. Diwan, et al., BNL69395, hep-ex/0211001
Megaton Modular..detector, M. Diwan, hep-ex/0306053, 2003
Int. J. Mod. Phys. A18:4039,2003
Phys. Rev. D 68: 012002,2003 

NNN99,   NUSL workshop in Lead Oct2001, 

NESS2002,  StonyBrook 2002, HQL2004 

Presentation to SAGENAP, March 12, 2002

The AGS based superneu..., Alessi et al., BNL-73210-2004-IR,2004
The case for a superneu.., M.Diwan, hep-ph/0407047
Spectrum...,S.Kahn, PAC-2005-RPPT059, 2005.  
FNAL Proton driver,  hep-ex/0509019
Neutrino Matrix Report, 2004. 
Backg. study..., Yanagisawa et al., AIP conf. proc. 944:92-106, 2007.

PAC2003, NuFACT05, FNAL proton driver workshop 2004
APS multi-divisional study: Joint BNL/UCLA/APS workshop, 
Snowmass2004, 
BNL/UCLA workshop 2004, 2005. 
PAC2005
HEPAP  Future Facilities Subcommittee, Feb. 2003

Preliminary cost & design..., BNL-76798-2006-IR, hep-ex/0608023
US longbaseline study,... FNAL-0801,BNL-77973,arXiv:0705.4396
NSF Homestake S1, S2, S3 proposals. 
NSF S4 proposal for detector development.
Report on depth..., BNL-81896-IR, FNAL-TM-2424, LBNL-1348E
http://nwg.phy.bnl.gov/fnal-bnl  

NNN series of workshops, NUFACT workshops,
UDIG 2008 workshop, 
DUSEL workshops,  US long baseline study meetings, 
Homestake PAC, 2006, BNL PAC 2006
NUSAG, 2006, HEPAP 2006, 2007
P5 committee Feb, 2008

Not a complete list

Initial ideas

Development

Proposal

13

BNL group has had a leading 
role at every stage

Thursday, June 4, 2009
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Work on Oscillation Sensitivity

14

• Detector has a broad science agenda. BNL will continue to refine the long 
baseline science plan.  

• Physics can start with 100 kT and 0.7 MW (for mass hierarchy)

• But CP studies need the full detector and high power. 

• The scale of the experiment does not depend on the exact distance or value 
of θ13, as long as it is high enough to beat background. 

Thursday, June 4, 2009



DUSEL beam optimization

Signal/background enhanced by ~20%. 
Other optimizations (proton beam 
energy) under investigation in the 
beam working group. 

15

New NuMI based on axis designs 
and shorter beampipeOld design

0.5 deg. off. presented 
last year

Numi horns+plug

High horn current normal current 
with plug

Thursday, June 4, 2009



BNL/LDRD funded 3-cavern design and initial cost 
and schedule 

Engineering & access $5.3M

1 chamber
labor $13.0M

eqpnt ops. $6.5M
supplies $9.4M

equipment ownership $10.0M

skipping&disposal $7.0M

ovrhd&markup $15.4M

contingency $26.6M

Total $93M

2007 costs for chamber part of many DOE,  NSF reviews including P5

$51M

guess

reported 
in detail

• 5 year schedule
• 1 year for dome
• Excavation by safer method
• 3  chambers can be done in parallel
• Work done in collaboration with Ken 

Lande at the University of Pennsylvania

muon rate ~0.1 Hz/cavern

16
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LBNE project organization

17

Project Coordination Jim Stewart at 
BNL is onboard

Thursday, June 4, 2009



Coordination for CD1 for water Cherenkov

18

Water Cherenkov WBS 
element

DOE LBNE NSF S4 (PI at Davis)

1.1.4 Project Management BNL

1.4.1 Vessel/Liner BNL UW/PSL/RPI/Duke

1.4.2 Photomultipliers BNL Upenn/UW/PSL/Drexel/Davis/Caltech/
USC

1.4.3 Electronics/online BU/Penn/Maryland

1.4.4 Calibration LBL Davis

1.4.5 Water Systems BNL/LLNL Irvine/Davis/LLNL

1.4.6 Civil Integration BNL/FNAL LBL

1.4.7 Offline/simulations BNL Duke/BU/Penn/Maryland/Davis

1.4.8 Installation BNL

BNL critical involvement in all 
parts with major 

responsibility to 1.1.4 and 1.4

Thursday, June 4, 2009



R&D on neutrino 
detectors at BNL

• Liquid Argon R&D 

• Water Cherenkov R&D 

19
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MicroBooNE
• A 70 ton fiducial volume LAr TPC on the 

BNB at FNAL

–Collabora9on formed in 
2007

–10 univ+labs/50 phys+eng.
–Under design phase and 
DOE CD‐1 later this year

• hcp://www‐microboone.fnal.gov

• Low energy phenomena and excess 
observed by miniBooNE

• Precision measurements of “golden” νµ 
CCQE channel:

• Possibility of CCQE measurements from 
intrinsic νe   

• Background for oscilla9on searches: NCπo, 
photonuclear events 

1

• 2.5 m drii @ 500V/cm

• 3 Readout planes
– 2 induc9on planes (U,V at ±60° from ver9cal)

– 1 collec9on plane (ver9cal wires, 2.5m long)

• 30 PMT for T0 determina9on

• Evacuable Single vessel containment
– No expansion vessel (8% ullage)

• Readout based on “cold” preamplifiers
– JFET based discrete

– 10,000 channels

– Warm Feedthroughs

• Bi‐phase purifica9on system
20

BNL  Roles

Thursday, June 4, 2009
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LArTPC R&D Challenges
Scalability to very large volumes (100ktons) 
is yet to be proved
• ICARUS T600 detector at Gran Sasso (Italy)

 Cri9cal aspect is the development of readout 
electronics opera9ng at LAr temperatures

Our main goal is to demonstrate the feasibility, 
performance and reliability of the cryogenic 
electronics

We will work with the LBNE LAr detector project being 
formed at FNAL aiming at leadership role  in detector 
and readout op9miza9on. 

21
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Water Cherenkov R&D support so far

• BNL/LDRD funds used for several tasks 

• Preliminary pressure testing of photo-
multiplier tubes 

• Initial cavern excavation engineering and cost 
and schedule estimates. 

• Simulation work to understand backgrounds 
and performance (postdoc, university visitors, 
partial support for scientist, and workshops). 

• Other efforts on optics, materials, in 
collaboration with BNL-Chemistry. 

22
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Development of pressure testing at BNL (Diwan, 
Goett, Sexton)!

•! What have we learned!

•! Manufacturers have tubes with very distinct characteristics!

•! Failure mode in Hamamatsu hemispherical tubes is at the pins.  7 atm is o.k. !

•! Other manufacturers failure may occur at the dome in much more damaging way.!

•! Data includes motion picture and recorded pressure pulses. !

•! Funded mostly out of LDRD which is finished.  !

23
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Typical R7081 failure 
(TA3085 failed at 13.4 bar)

0 ms 2 ms

4 ms 6 ms

24

base

dome

first break at pins

dynodes break 
thru dome

This sequence can be followed with fast pressure tranducers

Thursday, June 4, 2009



People plan
• Staffing plan as presented at the 

Mar. budget briefing

- *current work on LAR under 
KA15

- E949 transitioned to LBNE

- MINOS transitioned to LBNE

• Recent guidance from OHEP 
changes this plan by shifting some 
scientific effort from project to 
Core funding.  

25

Moved from LBNE project 1.2# 5.0 5.0 5.0

New total 5.0 9.0 11.4 12.5

# as reflected in the FY09 
supplement request. 
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Summary
• BNL weak-interactions efforts has undergone a successful 

transition in the last few years. 

• BNL has played an important role in forming the national 
priorities at the intensity frontier. 

• The LBNE plan is being developed in collaboration with other 
national labs, and the science community. 

• The national plan is for BNL to take on a major leadership 
role on a large detector for LBNE, which will require a modest 
increase in Core support.

• To properly execute the LBNE plan a similar modest increase 
is needed across the collaboration.

26
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