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\ Braidwood Collaboration \

» Argonne Nat. Lab.: M. Goodman, V. Guarino, J. Reichenbacher, D. Reyna

» Brookhaven Nat. Lab.: R, Hahn, M. Yeh, A Garnov, C. Musikas

> U. of Chicago: E. Abouzaid, K, Anderson, ‘E. Blucher, M. Hurwitz, 4. Kaboth,
D. McKeen, 9. Pilcher, E. Pod, J. Seger, M. Worcester

» Columbia: 3. Conrad, Z. Djurcic, J. Link, 5. Ma, K, Mahn, M. Shaevitz, G. Zeller

» Fermilab: r.Bartoszek, D. Finley, H. Jostlein, C. Laughton, R, StefansKi

» Kansas State: T. Bolton, J. Foster, G. Horton-Smith, N\, Stanton, D. Thompson

»U. of Michigan: M. Longo, B. Roe

> MIT: P. Fisher, R, Cowan, J.Formaggio, M. Miller, L. Osborne, G. Sciolla, S. SeKula, F. Taylor, T. Walker, R,

Yamamoto

» Oxford: G. Barr, S. Biller, N Jelley, G. Orebi-Gann, S. Peeters, N, Tagg, A. Webber

» U. of Pittsburgh: D. Dhar, S. Dytman, N, Madison, D. Naples, V. Paolone, C. Pankow
> St. Mary’s University: P. Nienaber

» Sussex: E. Falk Harris

> U. of Texas: 4. Anthony, M. Huanyg, J. Klein, K. Kucera, S. Seibert, C. Tunnel
10/30/2005 Zelimir Djurcic - PANICOS Neutrino

Meeting



at270 m
at 450 mwe

* Two 65 ton (fid vol) far detectors at 1510 m
* 180m shafts and detector halls

depth

* Two 65 ton (fid vol) near deteciors

* Two 3.6 GW reactors

Braidwood Setup:

Experimental Setup



" Braidwood Design Goals |

.. Motivated By Theoretical and Experimental Requirements

® Sensitivity (90% CL) down to sin°20 , = 0.005
® Discovery potential (30) for sin’20 , > 0.01
® Convincing results

— Observation of an oscillation signal in both counting and energy shape
measurement

— Cross checKks on systematic uncertainties

— In situ measurements of backgrounds and efficiencies

To meet these goals requires a near/far experimental setup with the same
overburden shielding along with multiple large detectors at each site.
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\ Corporation also Exelon a “Collaborator”

Enthusiastic and very
supportive of the project

Vice President has sent letter of
support to funding agencies

Security and site access issues
not a problem

Have helped us with bore holes

at near/far locations

— Example and proof of
principle for us doing civil

construction on site

10/30/2005

Exelon.

Nuclear

September 21, 2004

To Whom It May Concern:

On behalf of Exelon Generation Company. LLC (*Exelon™), | am writing to express Exelon’s
support for the plans of the Braidwood Collaboration. Representatives of Exelon have had
several meetings with scientists of the Braidwood Collaboration to discuss their proposal to use
the Braidwood Nuclear Power Station to make precision measurements of neutrino properties.
Exelon is enthusiastic about the opportunity to participate in this timely scientific endeavor,

We understand that the proposed experiment will include detectors approximately 200 m
(outside the security perimeter) and 1500 m from the reactor cores. The detectors will be placed
in caverns at the bottom of approximately 10 m diameter, 180 m deep shafis at these positions,
The experiment will also be designed to allow surface transportation (either by rail or crawler) of
the detectors between the near and far shatis. The construction of the exnerimeant will laci 7.3

<\§$ore hole project completed in 1/2005:

“ Holes drilled to full depth (200m) at near and far shaft

A . . * .
w positions on Braidwood site.
po

< Provided detailed information on geology, Bore ground
¥ water, radioactivity, etc.

~ Confirmed feasibility of detectors
" down to depths of 460mwe.

—t

(e1 Demonstrated willingness of Exelon to allow

% construction on their site.
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Principles

Compare rate/shape in identical, large, spherical, on-axis
detectors at two distances that have equal overburden
shielding

(Multiple detectors at each site: two near and two far)

Strategy to reach desired sensitivity:

-Fill the detectors simultaneously with common scintillator at surface.

-“Build large (65 t fiducial mass) detectors to get a large data samples.
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-Use spherical detectors to reduce any geometrical effects from
neutrino direction and reconstruction.

-Have on-axis detectors to eliminate any dependence on reactor power
variations in a multi-rector setup.

-Construct detectors under an equal overburden: gives equal spallation
rates in near and far detectors that can be exploited for detector and

background checKs.

-See the signal in both total rate and energy shape measurements.

-Cross-calibrate detector pairs at high-rate near site.

-Multiple near and far detectors provide direct cross check on detector systematics at 0.05% for near
set and 0.3% for far.

-Large detectors allow study of radial dependence of I1BD signal and bKgs.

-Cross-calibrate near/far detectors using spallation isotopes (like **B,
since detectors at same deep depth)




‘ Experimental Challenges for multi-detector \
disappearance experiment
Relative Detector Uncertainties

Fiducial Volume (Acceptance)

Efficiency
Energy scale and linearity
Deadtime

‘Backgrounds
Uncorrelated Backgrounds

— ambient radioactivity

Braidwood Backgrounds at 450mwe —

Spallation Isotopes

Events/ton/day/MeV

Combined Background

——

— accidentals
Correlated Backgrounds Singles Rate Enctey Speetrum Mev

— cosmic rays induce neutrons in the surrounding rock and buffer
region of the detector

— cosmogenic radioactive nuclei that emit delayed neutrons in the
detector, eg. *He (T1/2=119ms)

(i (T1/2=178ms)



| Backgrounds |

Backgrounds are important since the signal/bacKground ratios in
the near and far detectors are different.

— Uncorrelated backgrounds from random coincidences are not a problem

® Reduced by limiting radioactive materials
® Limestone rock at Braidwood site has low radioactivity wrt granite

® Directly measured from rates and random trigger setups

— Correlated backgrounds from:

® Neutrons that mimic the coincidence signal

® Cosmogenically produced isotopes that decay to a beta and neutron (°Li and *He)

Veto system is the prime tool for tagging/eliminating and measuring the rate of these
coincidence bacKgrounds.
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_ Cosmic Muon Rates at Braidwood Depth |

® Calculation of muon rate at 464 mwe (600 ft)

— Incorporate data from boreholes for density and material

— Average muon flux = 0.213 /m’/sec
— Average muon energy = 110.1 GeV

Flux vs Energy Underground
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Muon Flux (m’sec'GeV™)
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Material Chemical composition | Density Depth of top
(g/cm?) of layer (m)
Soil SiO, 1.60 0.0
Mudstone Si0, 2.46 11.3
Mudstone S10, 2.52 27.1
Limestone CaCoO, 2.61 42.7
Limestone CaCO, 2.63 61.0
Mudstone Si0, 2.60 63.1
Dolomitic 0.63* CaCO, + 2.58 82.6
Limestone 0.37*MgCO,
Dolomitic 0.63* CaCO, + 2.62 98.8
Limestone 0.37*MgCO,
Dolomitic 0.63* CaCO, + 2.71 116.4
Limestone 0.37*MgCO,
Dolomitic 0.63* CaCO, + 2.62 135.0
Limestone 0.37*MgCO,
Limestone CaCO, 2.63 142.3
Limestone CaCO, 2.71 157.6
Dolomitic 0.63* CaCoO, + 2.66 168.9
Limestone 0.37*MgCO,
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| Background Calculations |

® Fora veto system with 2 mwe of shielding, both a GEANT4
and a MARS calculation gives:

— 170 n/ton/day produced in the surrounding rock
— 4500 n/day emerging from the rock_

— A background rate of 0.2 to 0.7 events/ day
after the veto requirements.




\ Overview of Braidwood Uncertainties \

Primary uncertainties associated with predicting the relative near to
far event ratio

Quantity Uncertainty Comment Cross checks

(%) Near site cross 23

calibration™ production

Solid angle (baseline) 0.1 From survey: ALpeqr = +10cm
Detector mass 0.2 volume measurement v v
Neutron capture E cut 0.1 E scale from n-Gd capture peak Vv
Positron E cut <0.1 Escale from n capture peaks, 1B v N4
Optical model 0.2 Optical, source calibration A
Timing cuts <0.1 \
Total 0.3 Ocheck ™ 03% Tcheck ™ 05%.

This combined with the statistical and bacKground uncertainties
leads to the final sensitivity

Source of Uncertainty %

Relative Normalization for each With two near and two far detectors,
Near/Far Detector Pair 0.3 this leads to a total uncertainty in the

Far Detector Statistics 0.2

Near Detector Statistics 0.04 Near/iar ratio of 0.33%

Backgrounds 0.15




| Using Isotope Production to Measure Fiducial Mass |

Sizeable number of beta decays g 8:2 =

BB T E

® Unique feature of Braidwood is the g: :

uniform, well-understood overburden -
with the near and far detectors at the e DR

Beta Spectrum of '“B MeV

same depth

L' Can use B near/far rates to determine the relative target mass

® ~50,000 “*B beta-decay events per year per detector can be tagged and isolated for
a statistical uncertainty of 0.45%

® Systematic uncertainties related to the relative near/far overburden that needs to
be Known to few percent from:

— Geological survey information

— Cosmic muon rates in the near and far locations

10/30/2005 Zelimir Djurcic - PANICOS Neutrino
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" Detector Design and Optimization |

®  Detectors and analysis strategy designed to minimize relative acceptance differences

® 2 zone detector design: Central zone (r=2.6m) with Gd-loaded scintillator

(0.2% by weight) surrounded by mineral oil buffer region (r=3.5m).

®  Neutrino detection by B
Fiducial mass determined by vo[un%eo}b édgofc[e%’zén@lfag)g L 8M&V of ys (T ~ 204 sec)

® FEvent selection based on coincidence of e* signal (£, >0.5 MeV) and s released from n+Gd capture
(E,.>6 MeV). No explicit requirement on reconstructed event position; little sensitivity to ‘E requirements.

10/30/2005

Events/0.25 MeV

Events0.25 MeV

0.07
0.06
0.05
0.0
0.03
0.02
0.01

0.14
0.12

0.1
0.08
006
0.0
0.02

= E. > 6.0 MeWV
Reconstructed
Positron Energy
—>
]
(0] 1 2 3 4 5 [ 7T B L ] 10
Positron-like Reconstructed Energy (IheW )
- E.. > 0.5 MeV
Reconstructed Neutron
Capture Energy
J_|\_’l—|—|—|_l\

o 1 2 3 4 5 [ T 8 9 10

MNeurtron-like Reconstructed Energy (heWV )



' 2 Zone Detector Design |

Change in Acceptance vs Energy Scale Uncertainty

78} V)
E \ E 1
o 1 g 4 Two Zone Detector
= 3
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i) ‘/a[lﬁratwnﬁom “— B Three;Zone Detector
© 0.004 nettron ca;tur”pg"f@ S 0.004 with 50 icm gamma=catcher:
- : ; : ; ;
) ) Gd radiys 260, LS radius 310,
%I,—I 3 : T 3 T
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= 0.002 2 0.002 ‘ ‘ ‘
- - N
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- = .
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c—0.002 c—-0.002
0 =
© O
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~-0.004 LEYEILR = -0.004 cveris

Two Zone Detectar Gd region r= 260 cm

Gd region ri= 260 ¢m Detector r = 350 cm

Detector r = 550 cm |

-1.5 — —0.5 0 0.5 1 1.5 —-1.5 — ] —-0.5 0 0.5 1 1.5
percent shift in energy scale percent shift in energy scale
2 zone vs 3 zone:
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2 zone design offers simpler construction, optics, and source calibration, as well as
larger fiducial mass for a given detector volume.

Large (r = 3.5 m) detector reduces surface area to volume ratio, significantly reducing
sensitivity to energy scale.

Use neutron capture peaks from I'BD events to measure energy scale.
® [n each far detector, E scale can be measured to 0.3% every 5 days.

(This calibration averages over detector in exactly the same way as signal events.)

Acceptance uncertainty from energy scale in 2-zone design should be ~0.1%.

Change in Acceptance With Energy Scale Change in Acceptance With Energy Scale
5 11 303
£ = o £°> 0.50 MeV
Bors | o £°> 0.50 eV 5 g
= n Ee > O 75 Mev = 02 - n E > 075 MeV En > 6.00 MeV
gk SEZ100MV  eseoomev [ 5 v S 108 My
,2- ¥ Ee> 1.25 MEV ,Z fo) Ee> 1'5DM V
5 o F* > 1.50 MeV o] Bork SV ME
. 25 -o-C L
2 zone: without and '%O o 2o Seavase BN
£l B ¥ S Q L
with correction gF __‘,_;n-_%_fsf"'*f CRRl- SRR e e O
o F i —— o 38
o - g ;I:'_!i—t -0 @ r
5(15@6[011 g([ 0‘3975 :_,:::]:r_&—v—_oj} 8
LT o “boo
capture peak, T o
0.95 B> O
0.8 |-
0.825 i
0‘9-....I....I....I....I....I....I....I.... 0‘97-....I....I....I....I....I....I....I....
0.9 0925 095 0975 1 1.025 1.05 1075 1.1 09 0925 09 0975 1 1025 1.05 10875 1.1
Relative Energy Scale Relative Energy Scale
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_ Detector Design and Engineering |

® Engineering by: Argonne, Fermilab and Bartoszek e
Associates

® Baseline design has:
— Outer steel buffer oil containment

vessel (7m diameter)

® 1000 low activity glass PMTs
mounted on inside surface

— Inner acrylic Gd-Scint containment
vessel (5.2m diameter)

— Top access port can be used to

insert calibration sources

10/30/2005 Zelimir Djurcic - PANICOS Neutrino
Meeting



 Gd Loaded Liquid Scintillator (Gd-LS) |

® BNL Nuclear Chemistry group is developing Gd-loaded liquid
scintillator for Braidwood experiment.

® We plan to use 0.2% Gd + PC + dodecane mixture.
— Long-term stability tests in progress
— So far, stable with attenuation length > 18 m.

L3 0, i o fe
1-2% Gdin PG Stability of Gd-LS
H0.2% Gd in PC ?
0012 1 (Absorbance of 0.002 corresponds
R4 A 9 ' .
[ 0.14% Gd in PC to attenuation Length of ~20 m).
0.0101 ® 0.2% Gd in 20%PC 80% Dodecane
. 2 L 2 .
, Chooz degradation was 0.4%/day
0.008 | * 2 2
£ e e e 0.2% Gd in 20%PC 80% Dodecane
8 , 0.005 T
= 0.006 | [
= [
E — A 0.004
0.004 A E u A £
S 0.003 | I
[ - A NPT Ly
1 ® ® © e
0.002 | 20002 | eee - ° o
< -
0.000 * ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0001 |
10/15004 11/9/04 12/4/04 12/20/04 1/23/05 2/17/05 3/14/05 4/8/05  5/3/05  5/28/05 I
Calendar Date O_OOO“““““““““‘

2/17/05  3/14/05 4/8/05 5/3/05 5/28/05
Calendar Date



_ Simulations and Sensitivity Estimates |

® Studies using hit level Monte Carlos to determine signal efficiencies,
resolutions, and bacKground rates

— Used a combination of parameterized and full GEANI4 detector
simulation tools

® Estimates of calibration and construction procedures used to set the
scale of uncertainties in relative energy scale/offset as well as
relative fiducial mass

Reconstructed Neutron vs Positron Energy
10 — . ‘Y P +

Reconstruction Cuts: % ?
® positron: E > 0.5 MeV » é o’ +:; ol
® 1n-Gd capture: Evis > 6 MeV g 7 +:,'§;Si.gn‘al,Region
g ¢ N
Development of full GEANT4 e i
simulation is currently underway: X o <
GLGd4sim (Generic LAND Geant 4 ks ;
Simulation) used and adopted for I} S R e A
b b TR
http://neutrino.phys.ksu.edu/~GLG4sim/ ot ¥ plivon ke Reconstmcted Energy (MeV)




| Moving Detectors |

® Transport is necessary to move detectors from construction/filling area

to below ground halls

® (Cost estimate is $250K for one movement campaign

(2 to 3 campaigns envisaged) Period Near | Far
. , . Initial 3 months ‘ ‘
® Only minimal moving required
for cross checKs —— |3yeardaarn (@ © @ @
— ‘Example scenario: Final check ‘ ‘ ‘ ‘

® Possible method: Use climbing jack system with cable to lift and put
units on multi-wheeled trailer (standard method used in industry for

such projects.)

Goldhofer Trailer
_“_Moving 400 tons

= e
i ¥ e 0 n
T — 7
=
L

. Detector Loading
aaaaaaaaa e onto theTrailer

ttttttt

nnnnnnnnnnn



| Sensitivity Estimates |

® The oscillation search is made by comparing the events in the near and far

detectors using:

— Total number of events integrated over energy (Counting Meas.)

— The distribution of events binned in energy (Shape Meas.)

— Both counting plus shape ( Combined Meas.)

® Systematic uncertainties associated with the near to far event or energy spectrum
are included as outlined in the table below:

Quantity Uncertainty Comment

Relative Detector Eff. 0.3% Detector mass, solid angle, neutron energy scale. optical model
9Li/®He 20% / 100% Estimate from fitting observed events

Flat /Exponential Bkend | 16% /27% From energy fits outside of signal region

Energy Scale 0.5% From fits to Gd capture peak. 1?B

Energy Offset 20 keV From fits to Michel electrons

Energy Resolution :I:I?E-JE Assuming AE = 12% 1Ilrf,»vf‘l{_ﬁt'l._]

10/30/2005
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| Sensitivity Plots |

® For three years of Braidwood data and Am* >
® [nformation from both counting and shape 2.5 x 107 ¢

fits

® Combined sensitivity for sin*20 , reaches the ‘ '
0.005 level after three years -30 discovery for sin°20 ;> 0.013

-90% CL limit at sin*20,, < 0.005
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| Sensitivity and Discovery Potential |

® For three years of Braidwood data and Am?

2

2

Am™ (eV7)

'
-2

> 2.5 x10° e1*

— 90% CL limit at sin*20,, < 0.005
— 30 discovery for sin*20,; > 0.013

eI Counting Only
LR Shape Only
’i.-\."
.
1 |‘-'|'~.\ | L1l
= 2 =
10 ; 10 ~ 10 ! in226 1
sin !
Sensitivity to sin°28,, at 90% CL vs. Am’ 13
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_ Other Physics: Neutrino Electro-weak Couplings |

At Braidwood can isolate about 10,000 V- ¢ events that will allow
the measurement of the neutrino g,° coupling to ~1%

This is x4 better than pastV, experiments and woul
give an error comparable to g,*(NuTeV) = 0.3001 = 0.0014

0.040 -

0.020 +

0.000 -

0.020 +

-0.040 -

-0.060 -

-0.080 -

-0.100 -

Precision measurement possible since:
Measure elastic scattering relative to
inverse beta decay (maKing this a ratio,
not an absolute, measurement)

Paper accepted to PRD:
“PRECISION MEASUREMENT OF sin’0,, AT A REACTOR

D AAA oo A A AN 2l AL AL CLoanitan (Lonn A/ OOAN2NAC)

CHARM

E 734

Neutrino Scattering Couplings

CHARM-II

- ]. : o
MuTeV = Braidwood

World
Average

g’- g’ (SM)

Braidwood is unique among 6,

experiments in having the potential
to address this physics because of
having a near detector with high shielding and
high rates due to proximity to the reactor.




\ Braidwood Status and Schedule \

® Engineering/RerD Proposal ($ 1M) submitted in Nov. 2004
— Need this funding to complete the engineering for a proposal

® Develop a “Design and Build” pacKage for civil construction

® Complete detector design at the bid package level

® Complete and set up management plan and project oversight

® Complete the development of the Gd-Scint and provide test batches for prototypes

® Baseline Cost ‘Estimate:
— Civil Costs: $34M + $8.5M (Cont.)
— Detector and Veto System: $18M + $5M (Cont.)

® Schedule:

— 2004: Rer'D proposal submission.

— 2004: Bore hole project completed on Braidwood site.
— 2005: First NuSAG review

— 2006: Full proposal submission

— 2007: Project approval; start construction

— 2010: Start data collection



| Summary |

® Braidwood is an ideal location for an experiment

in the US to measure 0,

— Flat overburden with deep, on-site locations for near and far detectors
— ‘Equal overburden for near/far stations allows cross checks

— Close proximity to the ‘neutrino corridor” at Fermilab and Argonne

— Cooperative reactor company with a high power facility

— Capability to do additional physics with the near detector

® Strong collaboration which is maKing rapid progress in developing a robust
experiment with excellent sensitivity
— Sensitivity (90% CL) down to sin*20,, = 0.005
— Discovery potential (30) for sin*20,, > 0.01

Braidwood Collaboration Page: Attp://braidwood.uchicago.edu

10/30/2005 Zelimir Djurcic - PANICOS Neutrino
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BacKups and Other Slides
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® Nuclear reactors are a very intense sources
, with a well understood spectrum

of

— 3GW 6x10° V /s

700 events /yr / ton at 1500 m away
— Reactor spectrum peaks at ~3.7 MeV
—  Oscillation max. for Am*=2.5X107 e1V* at L near

Reactor Measurements of @,

1500 m

v

Observed Evel
o

Am® = 2.5 X100 eV
Full Mixing

From Bemporad, Gratta and Vogel

Observable V Spectrum

Arbitrary

S

Disappearance Measurement:
LooK for small rate deviation from 1/ measured at
near and far baselines

— Counting Experiment
® Compare events in near and far detector

— Energy Shape Experiment

® Compare energy spectrum in near and far detector



\ Civil Construction \

® TJwo detector locations at 200 m and 1500 m from the reactors

— A4 10 m diameter shaft allows access to the detector caverns at 183 m
below the surface

— Caverns are 12m x 14m x 32m and house two detectors with their veto
systems

® Detectors are co-filled on the surface giving much less radon contamination
® Detailed cost estimates were done by the Hilton and Associates engineering
firm.
— Total cost = $29M + $5M (EDIA) + $8.5M(Contingency)
(Shafts: 2@$9.8M, Caverns: 2@$2.4M, Tunnels: $1.7M, and $3.2M mobilization)

. —‘ o —I E]eraiigcén ()
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_Aerial View |
o

Staging e Assembly Area D

[ =
D p—
/\ : . - ) |
o7 > # 231 M1
Braidwood e M é‘
Reactors I \ Connecting road
Site
PMT staging
= ,C& test
S PMT
Installation
10/30/2005
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Bore Hole Project at Exelon Site |

‘Bore hole project completed in

January 2005:
- Holes drilled to full depth (200m) at near and far shaft

positions on ‘Braidwood site.

Provided detailed information on
geology, Bore ground water, radioactivity, etc.

Confirmed feasibility of detectors
down to depths of 460mwe.

Reduces contingency required for underground
construction.

Demonstrated willingness of Exelon to allow
construction on their site.

10/30/2005 Zelimir Djurcic - PANICOS Neutrino
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Detector Cost
Estimate

— $4.2 M/detector
with veto system
+ $1.3M (Cont.)

— Other detector related
1tems
$IM with cont.

Total for 4 detectors:
$23M with cont.

10/30/2005

Description

Est. Cost (thousands of dollars)

dpherical Detectors

Steel tank 340
Acrylic vessel 500
0il 89
Gd-loaded Scintillator 640
Oil plumbing system 100
Temp regulation system, N2 purge 40
PMTs 870
PMT supports 100
Cable system 7
Tank support system 50
Detector electronics 150
DAQ 50
Assembly Labor 65
Radioactive Source Scanning System 100
Muon System 1,100
Subtotal per Detector and Veto 4,201
Contingency (30%) 1,260
Total for one Detector System with cont. 5,461
Total for four Detector Systems with cont. 21,844
Items independent of number of detectors Est. Cost
Attenuation Length Tester 29
Storage Tank Farm on Site 750
Subtotal of above items 779
Contingency (30%) 234
Subtotal of above items with contingency 1,013
[ Overall Total with contingency 22,857

wvieeung




 Braidwood Elastic Scattering Measurement |

® Will be the most precise measurement of neutrino-electron
scattering

Preliminary investigations indicate systematics can be
controlled at 1% level

Continuing study to ameliorate systematic errors and
identify any gaps in our understanding of the

measurement.

Braidwood is unique among 6,, experiments

in having the potential to address this physics
because of having a near detector with high shielding

and high rates due to proximity fo the reactor,
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_ Value of Building a Reactor Experiment in US |

1) Local Investment both within and outside of physics.

2) High US Participation in the operations
since the travel costs are low.

3) More US undergrad and grad student participation possible
4) Support of near-by, well-established laboratories.
5) Stability of costing in the face of a falling dollar

6) Political simplicity and more direct control of management



Reactor Exp. Best for Determining 0,

m? = 2.5x10-3 eV?
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Other Guidance

® In many models, O, could be very small
L sin*20,, < 0.01 seems to be a dividing level for

both theory and exp.

— Such a low level might imply a new underlying
symmetry or change in theory paradigm

— Longer baseline experiments needed

° Measuring the full set of mixing parameters (©,,,

0

13
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__ Elastic Scattering Challenges and Solutions |

® Have investigated, using hit level Monte Carlo studies, many issues with respect to
relating the elastic scattering to IBD events

— Only relative IBD to ES differences are important

— Need to understand energy and position reconstruction for electrons and positrons

® Spallation and contamination backgrounds can be controlled

— Use muon-hadron veto to eliminate the ~1% of muons that make bacKgrounds

— Develop purification techniques especially for the Gd

Issues under study:

Approach to reduce / constrain error

Relative fiducial region

Two different analysis techniques allow
in-situ constraint on relative error

Relative energy scale, offset

Measure directly using IBD threshold,
muon decays and b decays

Contamination

Purification techniques achieve

sufficiently low level

Muon-induced isotopes

450 mwe provides sufficient shielding

Paper accepted to PRD:

“PRECIS ION MEASUREMENT OF sin’®,, AT A REACTOR"
By 9. M. Conrad, J.M. Link, M.H. Shaevitz (hep-ex/0403048)

Bottom Line:
Proposal
looks
ambitious but
achievable.



| Experimental Setup and Rates |

Component Parameter Value
Reactors Power 3.09 GW
Number 2
Up Time 92%
Running Time 3 vears
Near Detectors Mass 65 tons
Number 2
Distance 270 m
Shielding 450 mwe
Events/Detector 3,800,000
Far Detectors Mass 65 tons
Number 2
Distanace 1510 m
Shielding 450 mwe
Events/Detector 123,000
Detector Eff. 75%
Background Rates | 9Li 1045 evts/det.
8He 131 evts/det.
Flat 785 evts/det.
Exponential 212 evts/det.
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Exactly what does the measurement give us?

This particular cross-check takes place entirely at the near site
and uses the higher reactor flux to directly verify our ability to
estimate the effective, relative fiducial masses between detectors
as seen by the very neutrino interactions at the heart of our study.

What is the additional cost of moving and can this be justified?

The additional cost of moving given the current design is likely to

be low, making the potential benefit of this redundant cross-check

well worth pursuing. Nevertheless, in the proposal, the specific additional
cost of this (i.e. infrastructure such as the rails etc.) should be

explicitly broken out.

What are the risks and can these be justified?

These clearly need to be better assessed. The collaboration is well

aware of this and it will be one of the focuses of the R&D study.
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Recon. Energies vs Scaled Recon. Radius

9 En = 6 MeY
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' Braidwood Measurement Capability |

For 3 years of data and a combined counting plus shape analysis
Am? = 2.5 x 10° eV? and sin?28,, = 0.02
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