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FNAL/BNL study

Chairs: Hugh Montgomery, Sally Dawson

Advisory committee: F. Cervelli(INFN), M. Diwan(BNL), M.
Goodman(ANL), B. Fleming(Yale), K. Heeger(LBL), T. Kajita
(Tokyo), J. Klein(Texas), S. Parke(FNAL), R. Rameika(FNAL)

Several small workshops were held last year.

Many reports on physics sensitivity, backgrounds, and beam
alternatives.

Work of approximately 20-30 individuals at various levels.

~10 documents. ~2-3 publications could result

http://nwg.phy.bnl.gov/fnal-bnl/
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Timescale:

The United States neutrino community 15 heavily engaged 1n operation and analysis of 1fs existing program. On the
other hand there are active discussions within advisory bodies and the agencies with a view to setting directions for
future facilities mside the next year.

It would be desirable to see results of this U.S. Long Baseline Neutrino Experiment Study before October 2006,
with a preliminary report by July 15, 2006.

Goals of workshop
and study

U.5. Long Baseline Neutrino Experiment Study

Compare the neutrmmo oscillation physics potential of!

1. A broad-band proposal using a either an upgraded beam of around 1 MW from the current Fermilab accelerator
complex or a future Fermilab Proton Driver neutrino beam aimed at a DUSEL-based detector. Compare these

results with those previonsly obtained for a lugh mntensity beam from BNL to DUSEL.

Off-Axis next generation options using a 1-2 MW neutrine beam from Fermilab and a liguid argon detector at
etther DUSEL or as a second detector for the Nova experiment.

Considerations of each should include:

1) As a function of 813, the ability to establish a finite B 3, determine the mass hierarchy, and search for CP violation
and, for each measurement, the limifing systematic uncertainties.

11} The precision with which each of the oscillation parameters can be measured and the ability to therefore discriminate
between neutrino mass models.

111) Experiment Dezign Concepts including: A d raft re PO rt has bee N

Optimum proton beam energy

Otimuun geometies assembled and shared with
Detector Techneology
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What | will cover

Event rate calculations for the scenarios in
the study.

Water Cherenkov detector design and
performance at DUSEL.

Liquid Argon technical progress.
Physics sensitivity with detectors at DUSEL.

Timeline discussion for DUSEL based
project.

y Office of
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Beam from FNAL BROOKHAVEN

Flexibility of proton energy:

Prot. Plan —— b1y | g,V

S —— 280kW

2200kW

1200kW

m.
P
SNuMI—ReY® 2 00kw

Peak Beam Power (kW)

60 90 120
Primary Proton Energy (GeV)

I MW#* 10A7 sec = 5.2 10220 POT at 120 GeV
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off-axis spectra with LE tune

numu cc (param) 810km / 12km numu cc (param) 810km / 40km
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® 40 km (nova-ll)CCrate: ~1.0 per (kT*10220 POT)
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Spectra FNAL to DUSEL (WBLE:wide band low energy)
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® 60 GeV at Odeg: CCrate: 14 per (kT*10720 POT)
® |20 GeV at 0.5deg:CCrate: | 7 per(kT*10220POT)

p Work of M. Bishai and B.Viren using NuMI simulation tools
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Appearance

dlesS

Am3, 3 = 8.6 X 1072,2.5 X 10~ 2 eV?, sin® 2612,23 = 0.86,1.0
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NuMI LE beam tune at 810km, per 100kT. MW. 107s
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Detector design considerations.

® Need ~100kT of fiducial mass with good efficiency.

® At this mass scale cosmic ray rate becomes the driving
issue for detector placement and design.

Intime cosmics/yr Depth (mwe)

Cosmic rate in 50m h/dia S x 107 -
detector in 10 mus for 4230 1050

|0A7 pulses 462 2000
77 3000

15 4400

If detector is placed on the surface it must have cosmic rejection of
~1078 for muons and 1074 for gammas beyond accelerator timing.
=> fully active fine grained detector.

PP =5 Office of M.Diwan BROOKHFIAEN
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LARTPC

www-lartpc.fnal.gov

The LAR group has shown an advantage of about a factor 3-4 over a
water Cherenkov detector of equal mass due to better background
rejection. There is no easy automated event analysis, however.

A 50 m high/dia tank on surface has 500 kHz of rate. LARTPC could
take data around beamtime, but still need rejection of 108 on muons
and 1073-10"4 on gammas.This needs further work.

To reach 100 kT, aggressive R&D path is needed including argon purity,
industrial tank technology, readout geometry and signal/noise.  First
step : | kT before cost and schedule could be properly evaluated.
Current scaling law is $2./M+$0.3M/kT + $1M/kTon (for LAR).

For p — K*v decay mode depth is needed simply for data rate, and
most likely for background.

r > Office of . :
A Science M.Diwan BROOKHFEVEN

NATIONAL LABORATORY
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Detector at Henderson BROOKHAVEN

UNO detector:
v 1 large cavern
v 3 optically separated modules of 60x60x60 m?
v total mass 440 kT fiducial
v central module 40% PMT coverage (low E physics)
v outer modules 10% PMT coverage

v optional finer
granularity: 20 or
13 inch tubes

v optimal depth
5400mwe (2500 feet)

v construction time:
10 years

v coarse cost estimate
scaling Super-K: $500M

Office of BROOKHPZL
| 7 i . RUEN
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Detector at Homestake

RANE CRCISSOUITS T TARME
FSERY 15 WEATIC AL FEET

Modular detector: ,_
v module: ~50m @, ~50m h ’E“”w- =

SPCT-COLER

v 100kT fiducial I
v depth 4850 mwe A e
_ NEED g DETARCE To.AKE
v coverage 25% == | 4850
v 12 inch PMT

VENTILATION

Lk ia SDDD

cosmic rate i ce e
~0.1Hz | vinitial detector 3 modules

v expand to 10 modules (or
more) to get Mt detector

v detailed cost estimate:
"; $100M/module

“Proposal for an Experimental Program in Neutrino
'\ Physics and Proton Decay in the Homestake
g Latmratnry" M. Diwan et al., hep-ex/0608023

Fiducial vol depends on rock stablllty studies and PMT pressure rating.
/o), Ufice of M Diwan BEROOKHEVEN
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Summary cost ($FY07) for 300kT at Homestake
Cavity construction (30% $78.9M

continsency)

PMT+electronics $171.3M

Installation+testing $35.7M

R&D,Water, DAQ, etc. $8.2M

Contingency(non-civil) $50.8M

Total $344.9M

* Cost for 3 modules of ~100kT fiducial mass.
* Civil cost recently reviewed by RESPEC (consultants) and found to be
consistent with other projects. (In addition, construction could be faster).

e Consultations with C. Laughton and Homestake on overhead factors

Anot included in civil).
Office of
I, Ytice M Diwan BROOKHEAUEN
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Long Baseline Neutrinos + PDK
Schedule No. 2

Task Mama Starl

Long Bassling Neutrinss « POE ey

Charmbiar Conatruction TRAT
Chismber RED TO7 iS008
Comract Process 1H.08 BE00E
Chismbser Construcion Confract &sand Ed30E BiE008
Madula 1 THO8 2292
Modula 2 THOR ey
Modula 3 B0 TIEOM4

10A08 123114

PM RAD 108108 EOAD
Comract Procdas 4410 DEOAD
Phis Contract fowarnd 57300 priciy
Wandor 1 1040 123114
Oy 10000 Phis 10440 B0

Oy 20000 Pis 10311 A2
Oyl 20000 Phis oAz AE0A3
Oy 20000 Phis 10 AE0A4
Oty 5,000 Phia 10414 12E1n4
Wandor 2 1040 123114
Oy 10000 Phis 104D AEOAT

Oy 20000 Phis 1031 A2
Ot 20000 Phis oMz AE0M3
Oy 20000 Phis 10HHS AE0A4
Oty 5,000 Phia 10114 12E1A4

Taaling 10M409 136
Taad Facility 10809 SO0
Tasting of Pl 10440 180015
ek Moduls Phia ready for iInsialadon Az 1nEiA2
2nd Moduka Phis raady for instaladion 1 HAS 10E1A3
Firial Modula Pl raady for installagon 1As 18115

Othar Equipmant 10107 103114
Calbration: Equipmant AAD 104140 QB0
Calbration Equipman 10411 A3
Davelopmant Latar 10407 DEN0G
W wtar Purificaticn [LTE 103114

Purchasa Oriar T-TiF aE2
Vandor amna 5E112 6 f I OO | T
Ehop Conversion 4zn2 LT yrs to rst ( a
Install Water Systams (3 systams) g2 BE2
Tast Walar (i s i subabia) T2 TE1N2

o - == 8 vrs to full 300 kT. Cam
Fill up 2nd Ghamitse (ERE] 105113 y °

Fill up Srd Chamibar BHA4 10E1A4

e ~ =-be adjusted if PMT

A AS 10E1A3
11HA3 10E1A4

= = production slower.

Proposal Bchadula 2_Jan 11 12207




Water Cherenkov performance

Full simulation of SuperKamiokande atmospheric
neutrino events used in evaluation.

Study to establish feasibility, not optimized with
respect to PMT granularity and coverage.

Supar-K pre-easlaction
—r T T T T T T T T T T —r T 050

—
Wy

— MH<

oS0

Sekection Efficiency
Sekection Efficiency

= 3
E, (GeV)

Standard Super-K pre-selection efficiencies DLH selection efficiencies (Chiaki Y.)

Delta Likelihood selection allows for tuning S/B.

Work of StonyBrook UNQO group:Yanagisawa, Jung, Lee
I(0), Office of M Diwan EROOKHAVEN
: NATIONAL
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‘_ Electron neutrino abbearance sbectra
sin” 26015 = 0.04, 300kT WCe. , WBLE 120 GeV, 1300km, 30E20 POT.

*All background
sources are included.
*S/B ~ 2 in peak.

*NC background
about same as beam
nue backg.

*For normal hierarchy
sensitivity will be from
neutrino running.
*For reversed
hierarchy anti-neutrino
running essential.
*Better efficiency at
low energies expected

with higher PMT
counts.
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WBLE to DUSEL(1300km) 3sig, 5sig discovery regions.

30 10720 POT for each nu and anu
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WBLE to DUSEL(1300km) 3sig, 5sig discovery regions.

60 10720 POT for each nu and anu
thl3 mass ordering CP violation

C 47 160460 100" PoT! Nk il
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WBLE to DUSEL(1300km) 3sig, 5sig discovery regions.

100 k
LAR

30 10720 PO for each nu and anu
mass orderin CP violation

w%‘ls&_g A
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How well can the parameters be measured

WCC 1300 km 300kT (—95% CL —68% CL)
m+§ ﬂérrg,}u B ' m+~'; .-'l-.érﬁi:u

Eﬂ G0 10” PoT - ED+EU 10’“ PoT

¥ true value
— EB% CL

Bﬂ 60

.120; 5 _12':'; ................. Stat+sys

(\.. @)

-180;" uuz uuq nua uus u1 012 014 0.16 1300_' ”2 503 0.08 ”3 5 012 014 16
sin 2813 sin 2913

Plots are roughly the same for both mass orderings.
The spectral shape is critical in this measurement.




How to phase it in

!

® Possible aggressive timeline of development over

over next decade for discussion.

2010 2011 2012 2013 2014 2015

WCh

|00kT | 200kT

new beam

.2 MW

unsrade

=== ————————————
——

.2 MW

rimn

“

2 MW
L INAC

ﬁ

2 MW run

e

LAR R&D

|_ﬁl-

50kT LAR

T

o

Science M.Diwan

U.S. DEPARTMENT OF ENERGY 23

? ) Make decision on final 100 kT WCh detector.
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Summary

CP violation in neutrinos should guide the Long baseline
program in the future. Program is doable with known
technology (water Cherenkov detector) and current
understanding of accelerator intensity.

A new MW class proton machine in the US remains well-
motivated at FNAL if coupled to a capable large detector.

There are two choices for the program: NuMI based with
off-axis surface detectors or DUSEL based with
underground detectors that could carry out nucleon decay
and other high priority science.

A very large detector ~100 kT efficient mass is needed to
carry out the program no matter where.

® For a broad program need >2000 mwe.

y Office of
r/ M.Diwan BROOKHFAVEN
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Exploring the possibility of neutrino
beams towards a DUSEL site

W. Smart

Latitude

Longitude

Vertical angle from
FNAL (deg)

Distance from

FNAL (km)

Homestake A44.35

-103.77

-5.84

1289

Henderson 39.76

-105.84

-0.66

1495

» Use of the present extraction out of the Main Injector into the NuMI line

» Construction of an additional tunnel. in the proximity of the Lower Hobbit door
in the NuMI line, in order to transport the proton beam to the west direction

» Radius of curvature of this line same as the Main Injector, adequate for up to
120 GeV/c proton beam with conventional magnets

» Assumptions:

= a target hall length of ~45 m (same as NuMI for this first layout, probably

shorter )

= decay pipe of 400 m (adequate for a low energy beam), we would gain in
neutrino flux by increasing the decay pipe radius (> 1 m)
= distance of ~300 m from the end of the decay pipe to a Near Detector (same as

NuMI).




v. Appearance Spectra

—-sin? 26013 = 0.02, dcp = 0, normal hierarchy

—-sin® 26,3 = 0.02, dcp = T, normal hierarchy

—-sin® 26,3 = 0.02, dep = — /2, reverse hierarchy
MubdI LE at 810 km, 15 mrad off-axis WELE 60 GeV/ at 1300km, 0° off-axis

i — singﬂﬂH:D.ﬂﬂ,&tP:ﬂ. nomal hierarchy sin 20 70028 =0, normal hirarchy

— sin’ 70025, =, normal hierarchy — sin’® 17002 =, mormal ierarchy

S singEHH:ﬂ.ﬂEnS:pqd'E, reverse higrarchy — st Ll m:raf,mhiawm

W NumI LE at NOv WBLE 60 GeV af 1300km
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Spectral information = resolves degeneracies

Office of BROOKHPZL
| 7 i . RUEN
4 Science M.Diwan NATIONAL LABORATORY

U.S. DEPARTMENT OF ENERGY 26




Sensitivity comparison

| Barger, Huber, Marfatia, Winter
Physics reach with same LAR A A T NOvAT

100 kT detector 120 GeV |

WBLE-DUSEL, Off-axis. Also ... | 3 sig, CPfrac=05
compare to T2KK on same "‘“‘“--a.____l?and =systematic
plot versus beam power

& qp
=

Meutring fluxes, narrow band, wide band
L] I L] T L] L] I L] L] T L] I L] L] T L]
- — Nuldl LE beam at 18mrad off-axls, '-"
!-"“- MNuhldl LE beam at 13mrad off-axls,

F —— WELE 120 GaV. on-aws, v,

[ mee=m WELE 120 GaV, on-sxis, v,

E

vsiGeVim /POT (x10%)

10

E_ (GeV)

0.5
y  Office of exposure [Mt MW 107s]
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