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Total Rates:  Standard Solar Model vs. Experiment





















D2O

H2O

H2O

D2O

H2O

H2O

PSUP  w/ 9600 PMTs

Acrylic Vessel

Lined Cavity Wall

Acrylic Vessel Support Ropes

Acrylic Vessel Chimney





Z

MeV            RI%

A= 4n + 2

Pa 234*

Po 218

Bi 214 At 218

Bi 210

Pb 206 Po 210
138.4 d

26.8 min 3.825 d

U 238Th 234
24.1 d 4.49e9 y

U 234Th 230
7.52e4 y 2.48e5 y

Ra 226
1602 y

Rn 222
3.05 min

Pb 214

Tl 210
1.32 min 19.8 min ~2 s

Pb 210
22  y

Po 214
162 micro-s

5.0 d

stable

1.18 min
4.7  h

4.196  77%
4.149  23%

0.199  73%
0.104  21%

4.78  72%
4.72  28%

4.69  76%
4.62  23%

4.78  94.5%
4.60   5%

6.00

5.51  39%
5.49  54%

 6.7  90%

5.49

7.69

5.31

0.02%

99.98%

1.02  23%
1.51  40%
3.26  19%

1.03

2.34  19%
1.87  56%
1.32  25%

0.061  19%
0.015  81%

1.16
~100%

~100%

99.96%

0.04%

Q β

Q β

Q β

Bi 214 Q

Pb 214 Q β

Q β

α

β
Q β

BR βE     MeVα

BRα

β



Ra 228
5.7 y

Th 232
1.4e10 y

Ac 228
6.13 h

 Th 228
1.9 y

Ra 224
3.64 d

Rn 220
55.6 s

Po 216
0.158 s

  Bi 212
60.6 m

Pb 212
10.6 h

Tl 208
3.1 m

Pb 208
stable

Po 212
0.3e-6 s

4.016  77%
3.957  23%

5.423  73%
5.430  27%

5.69  94%
5.45  5.5%

   6.236.78

6.09  27%
6.05  70%

36.2%

63.8%

8.78

Z

0.0145  40%
0.039   60%

A= 4n

MeV            RI%

0.569  12%

2.246  63%
1.5      10%

1.8  48.8%
1.52  22.7%
1.29  24%

β

BR

BR

α

Q

α

Q

Q

β

β

α

β

β

Q β

Q β

E     MeV

Ra 228
5.7 y

Th 232
1.4e10 y

Ac 228
6.13 h

 Th 228
1.9 y

Ra 224
3.64 d

Rn 220
55.6 s

Po 216
0.158 s

  Bi 212
60.6 m

Pb 212
10.6 h

Tl 208
3.1 m

Pb 208
stable

Po 212
0.3e-6 s

4.016  77%
3.957  23%

5.423  73%
5.430  27%

5.69  94%
5.45  5.5%

   6.236.78

6.09  27%
6.05  70%

36.2%

63.8%

8.78

Z

0.0145  40%
0.039   60%

A= 4n

MeV            RI%

0.569  12%

2.246  63%
1.5      10%

1.8  48.8%
1.52  22.7%
1.29  24%

β

BR

BR

α

Q

α

Q

Q

β

β

α

β

β

Q β

Q β

E     MeV



Inco
Supply

Multi-Media
   20-40 microns

Filter
10 microns

ActivatedFilter

Reverse

Osmosis

Unit

EDTA

UV
185 nm

Ion
Exchangers

Process
Degasser

Filter

UV
254 nm

Heat
Exchanger

Heat
Exchanger

Recirculation Loop

Pre-Treatment Stages

Charcoal

D2O

Deaerator

3 microns

Domestic
SupplyAssay

Softener

0.3 microns



Assay Systems

Recirculation Systems

AC 02AC 01

UFR 01

AC 08 UFR 06
MDG

2T  Tank

VE 01

ROF 01

ROF 02

ROF 03

ROF 04

PDG

Heat
Exchanger

UFR 05

UFR 03

05 06

Low Salt Out
TK 02

TK 03
Salt Tank

D2O

Legend

FR
AC
ROF
MDG
PDG
UFR
TK

0.1 micron filters
Absorption Columns (MnOx beads)
Reverse Osmosis Filter
Monitor Degasser
Process Degasser
Ultrafiltration Unit
60 T  Tank

Normal Mode Lines
Desalination Mode Lines added

From Sample Points

AC 04

ROF 05

Sample
Bottle

FR 09

FR 01

FR 08

FR 03

FR 05

AC 07









0.0 5.0 10.0 15.0 20.0
Energy (MeV)

100

101

102

103

104

105

106

107

108

109

1010

Ev
en

ts
 R

ec
on

st
ru

ct
ed

 in
si

de
 D

2O
 p

er
 M

eV
 p

er
 Y

ea
r

Charge Current
Elastic Scattering
External Backgrounds + PMT
Internal Backgrounds (U and Th)
Neutral Current
Neutral Current Background
PMT Background (scaled)





DAQ
SYSTEM

db

db

db

db

db

db

db

db BACKPLANE

HV
POWER

LOW V
POWER

TRIG
.

VME
BACKPLANE

TRIGGER

CENTRAL

FEC #1
6

SNO BUS

FEC #1

eC
PU

(GPS) TIMING

MASTER

TRANS.

TRANS.

XL2

XL1

CRATE

PMT(1)
PMT(512)

1 CRATE x 19

PMTIC #16PMTIC #1









PMT

Polyethylene
Return Line
Fitting

Locking Annular Plate

Bottom O−ring Plate

High Voltage
Converter

Top O−ring Plate

Interior
Annular
O−ring
Plate

Optical

Acrylic
Window

Pad

Plastic
Scintillator

Aluminum
Standoff
Sleeve

Shell

Steel
Standoff
Sleeve

Stainless



SNO Julian Date

9700 9800 9900 10000 10100 10200

C
or

re
ct

ed
 N

hi
t M

ea
n

33.4

33.6

33.8

34

34.2

34.4

34.6

34.8

35

35.2  / ndf 2χ  39.49 / 27

Prob   0.0571

p0        0.4212± 52.44 

p1        4.23e-05± -0.001847 

 / ndf 2χ  39.49 / 27

Prob   0.0571

p0        0.4212± 52.44 

p1        4.23e-05± -0.001847 

Corrected Nhit Mean vs SNO Julian Date

 / ndf 2χ  25.03 / 27

Prob   0.5726

p0        0.8019± 52.39 

p1        8.057e-05± -0.001843 

 / ndf 2χ  25.03 / 27

Prob   0.5726

p0        0.8019± 52.39 

p1        8.057e-05± -0.001843 

Data - salt optics
MC - salt optics



SNO Julian Date
9000 9200 9400 9600 9800 10000 10200 10400

Pr
om

pt
 N

hi
t*

94
53

/N
w

or
ki

ng

33.5

34

34.5

35

35.5

36

36.5

37

37.5

Prompt Nhit*9453/Nworking vs Julian Date

SNO Julian Date
9000 9200 9400 9600 9800 10000 10200 10400

C
or

re
ct

ed
 N

hi
t M

ea
n

33

33.5

34

34.5

35

35.5

36

36.5

37

Corrected Nhit Mean vs Julian Date



Silicone Tube

Silicone Gel

Polyethylene Return Line

Teflon Input Line

Control Wires
     For PMT

Coaxial Signal Wire
          For PMT

Position
Source
Control

Triggering
Decay/ Acrylic

D2O

H2O

PSUP

Radioisotope
Production

Gas Flow
Control







5.4

Endcap

20.4

2.8

7.5

Heat Shrink
Glue

Cable

O-Rings

Plug



Electronics Base

PMT
Support
Structure

Concentrator



Prompt
AV reflection
35 degree PMT reflection

180 reflection

PMT Timing (ns)
0 20 40 60 80 100 120 140 160

PM
Ts

/ti
m

e 
bi

n

1

10

10
2

10
3

10
4

10
5

18
0 

re
fle

ct
io

nPr
om

pt

35
 d

eg
re

e 
PM

T 
re

fle
ct

io
n

Figure (a)

Figure (b)

A
V

 re
fle

ct
io

n

La
te

 P
ul

sin
g

La
te

 P
ul

sin
g



Wavelength (nm)
200 300 400 500 600 700 800

Tr
an

sm
iss

io
n 

or
 R

el
at

iv
e 

Q
E

0

0.2

0.4

0.6

0.8

1

Acrylic transmission (5.5cm)
H2O transmission (245cm)
D2O transmission (600cm)
PMT Quantum Efficiency (21.5% max)

Media Transmission and PMT QE

Wavelength (nm)
200 300 400 500 600 700 800

Ph
ot

on
 In

te
ns

ity
 (r

el
at

iv
e)

0

0.2

0.4

0.6

0.8

1

Cherenkov Spectrum
Observed light spectrum

Cherenkov Spectrum Convolution



CHIMNEY

SUSPENSION ROPES

ACRYLIC PANELS

BOND LINES





Wavelength (nm)
300 400 500 600 700

A
tte

nu
at

io
n 

co
ef

fic
ie

nt
 (1

/c
m

)

10
-3

10
-2

10
-1

Mean and RMS of Earle data
Smooth function fit
Rayleigh Scattering (SNOMAN)

Attenuation of Acrylic

Wavelength (nm)
300 400 500 600 700

A
tte

nu
at

io
n 

co
ef

fic
ie

nt
 (1

/c
m

)

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Attenuation of Acrylic







Energy
Monitor

Beam spliters

Mirror

Moveable Mirror

Lens

Cavity
mirror

5cc quartz dye

Divergence
correcting lens

N2/Dye Laser Box (located in cavity deck clean room)

Dye
Laser
Table

1

2

3

4

Mirror

Nitrogen laser
High Voltage
Laser Head

Lens

Attenuator Wheels

Coupler
X-Y Mount

ST connector

Fibre (1mm)
Mixer
Mode

Energy Monitor
and fast Trigger

cyl lens
Vertical

Beam profiler

Dye 
Laser
Resonator

magnetic stirrer
cuvette with

Feedback couplerLaserball
(attaches to the
manipulator carriage)

Glass bubble scatterers

Fibre guide

R5600 PMT
with potted silicone tubing)
fibres and coaxial pmt cable
(consists of 22 silica optical

Laserball umbilical

Copper RF Shield

Lens
Hor Cyl











fRchTime_px
Entries  37854
Mean     8.69
RMS     22.35

Time (nx)
-40 -20 0 20 40 60 80 100 120 140

1

10

10
2

10
3

10
4

10
5

fRchTime_px
Entries  37854
Mean     8.69
RMS     22.35

PMT Time histograms fRchQhl_px
Entries  37854
Mean    49.34
RMS     63.23

PMT Charge 
0 100 200 300 400 500

10
2

10
3

10
4

10
5

fRchQhl_px
Entries  37854
Mean    49.34
RMS     63.23

PMT QHL histograms

fRchQhs_px
Entries  37854
Mean    45.57
RMS     56.97

PMT Charge
0 100 200 300 400 500

10

10
2

10
3

10
4

10
5

fRchQhs_px
Entries  37854
Mean    45.57
RMS     56.97

PMT QHS histograms fRchQlx_px
Entries  37854
Mean    6.005
RMS     6.591

PMT Charge
0 100 200 300 400 500

1

10

10
2

10
3

10
4

10
5

10
6

fRchQlx_px
Entries  37854
Mean    6.005
RMS     6.591

PMT QLX histograms



Peak
Entries  9453
Mean     4754
RMS      2659

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
-3

-2

-1

0

1

2

3

4

Peak
Entries  9453
Mean     4754
RMS      2659

Time Peak Width
Entries  9453
Mean     4776
RMS      2805

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Width
Entries  9453
Mean     4776
RMS      2805

Time Width

Counts
Entries  37854
Mean     4772
RMS      2833

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
0

500

1000

1500

2000

2500

Counts
Entries  37854
Mean     4772
RMS      2833

Occupancy tof
Entries  9453
Mean     4813
RMS      2790

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

33

34

35

36

37

38

39

tof
Entries  9453
Mean     4813
RMS      2790

Time of Flight

PMT Number PMT Number

PMT NumberPMT Number

Ti
m

e 
(n

s)

Ti
m

e 
(n

s)
Ti

m
e 

(n
s)

N
um

be
r o

f H
its









Wavelength (nm)
350 400 450 500 550 600

In
ve

rs
e 

A
tte

nu
at

io
n 

Le
ng

th
 (c

m
-1

)

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025
-1x10

D2O Inverse Attenuation vs. Wavelength

Wavelength (nm)
350 400 450 500 550 600

In
ve

rs
e 

A
tte

nu
at

io
n 

Le
ng

th
 (c

m
-1

)

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025
-1x10

 Sept 2000 (fruns)
 Sept 2000 (fits)
 Sept 2001 (fruns)
 Sept 2001 (fits)



Wavelength (nm)
350 400 450 500 550 600

In
ve

rs
e 

A
tte

nu
at

io
n 

Le
ng

th
 (c

m
-1

)

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

H2O Inverse Attenuation vs. Wavelength

Wavelength (nm)
350 400 450 500 550 600

In
ve

rs
e 

A
tte

nu
at

io
n 

Le
ng

th
 (c

m
-1

)

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

 Sept 2000 (fruns)
 Sept 2000 (fits)
 Sept 2001 (fruns)
 Sept 2001 (fits)



Run number
21000 21050 21100 21150 21200 21250 21300 21350 21400 21450

Ch
i s

qu
ar

e

0.4

0.6

0.8

1

1.2

1.4







Wavelength (nm)
340 360 380 400 420 440 460 480 500

In
ve

rs
e 

A
tte

nu
at

io
n 

Le
ng

th
 (c

m
^-

1)

0.0006

0.0008

0.001

0.0012

0.0014

0.0016

0.0018

0.002

-1x10

Post-R/O Recirculation

Pre-R/O Recirculation







Wavelength (nm)
350 400 450 500 550 600

)
-1

In
ve

rs
e 

A
tte

nu
at

io
n 

Le
ng

th
 (c

m

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025

0.003
-1x10

D2O Inverse Attenuation vs. Wavelength

 Sep 2000 (fruns)

 Sep 2001 (fruns)

 May 2002 (fruns)

 Oct 2002 (fruns)



Wavelength (nm)
350 400 450 500 550 600

)
-1

In
ve

rs
e 

A
tte

nu
at

io
n 

Le
ng

th
 (c

m

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025

0.003

0.0035

H2O Inverse Attenuation vs. Wavelength

 Sep 2000 (fruns)

 Sep 2001 (fruns)

 May 2002 (fruns)

 Oct 2002 (fruns)



SNO Julian Date
9400 9500 9600 9700 9800 9900 10000 10100 10200

)
-1

In
ve

rs
e 

A
tte

nu
at

io
n 

Le
ng

th
 (c

m

-0.0005

0

0.0005

0.001

0.0015

0.002

0.0025

0.003
-1x10

Chi2 / ndf = 0.07068 / 2

 0.0002158 ±p0       = -0.0008315 

 2.189e-08 ±p1       = 9.99e-08 

D2O Attenuation vs. Date (365 nm) Chi2 / ndf = 0.07068 / 2

 0.0002158 ±p0       = -0.0008315 

 2.189e-08 ±p1       = 9.99e-08 
Sep 2000 (fruns)

Sep 2001 (fruns)

May 2002 (fruns)

Oct 2002 (fruns)



Angle of incidence (degrees)
0 5 10 15 20 25 30 35 40 45

Re
la

tiv
e 

an
gu

la
r r

es
po

ns
e

1

1.05

1.1

1.15

1.2

1.25

 Relative PMT Angular Response at 500 nm

 Sep 2000 (fruns)
 Sep 2001 (fruns)
 May 2002 (fruns)
 Oct 2002 (fruns)







































Total Energy (MeV)
0 2 4 6 8 10

Si
gm

a 
of

 F
it 

(N
H

it)

2

4

6

8

10

12

14

NHit fit sigma vs. MC energy

Total Energy (MeV)
0 2 4 6 8 10

M
ea

n 
of

 F
it 

(N
H

it)

0

20

40

60

80

Fit NHit mean vs. MC energy

Total Energy (MeV)
0 2 4 6 8 10

R
ed

uc
ed

 C
hi

-S
qu

ar
e 

of
 F

it

0

1

2

3

4

5

Chi-square of the NHit gaussian fit vs. MC energy

Total Energy (MeV)
0 2 4 6 8 10

Pr
ob

ab
ili

ty
 o

f G
oo

dn
es

s 
of

 F
it

0

0.2

0.4

0.6

0.8

1

Prob of the Nhit gaussian fit vs. MC energy



Nhit

Ev
en

ts/
Bi

n

MC
Model

Nhit Distribution for Gaussian Convolution Model Compared to MC
1.609MeV Level Gammas



Nhit

Ev
en

ts/
Bi

n

MC
Model

Nhit Distribution for Gaussian Convolution Model Compared to MC
1.959MeV Level Gammas



htemp
Entries  49949
Mean     46.5
RMS     11.53

0 20 40 60 80 1000

200

400

600

800

1000

1200

1400

1600

1800

htemp
Entries  49949
Mean     46.5
RMS     11.53

Nhits conv
Entries  0
Mean    47.49
RMS     11.51

conv
Entries  0
Mean    47.49
RMS     11.51

conv
Entries  0
Mean    47.49
RMS     11.51

conv
Entries  0
Mean    47.49
RMS     11.51

conv
Entries  0
Mean    47.49
RMS     11.51

Nhit

Ev
en

ts/
Bi

n

Nhit Distribution for Gaussian Convolution Model Compared to MC
All Gamma Levels from Neutron Capture on Cl



 / ndf 2χ  33.97 / 37
Prob   0.612
p0        0.1627± 5.744 
p1        0.6184± 0.3484 
p2        0.004099± -0.004433 
p3        0.07605± 5.355 
p4        0.02141± 1.578 
p5        0.01859± 0.3532 

Energy (MeV)
4 6 8 10 12 14 16 18 20

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

 / ndf 2χ  33.97 / 37
Prob   0.612
p0        0.1627± 5.744 
p1        0.6184± 0.3484 
p2        0.004099± -0.004433 
p3        0.07605± 5.355 
p4        0.02141± 1.578 
p5        0.01859± 0.3532 

Fit to MCPROD NC energy distribution

Energy (MeV)
4 6 8 10 12 14 16 18 20

N
um

be
r o

f s
ig

m
a 

fr
om

 z
er

o

-5

-4

-3

-2

-1

0

1

2

3

4

5

Number of sigma from zero vs. Energy



 / ndf 2χ  60.58 / 59
Prob   0.4186
p0        0.392± 5.942 
p1        0.1639± 2.474 
p2        0.03815± 0.2014 
p3        0.5088± 8.699 
p4        0.1168± 2.122 
p5        0.0374± 0.04811 

Energy (MeV)
4 6 8 10 12 14 16 18 20

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

 / ndf 2χ  60.58 / 59
Prob   0.4186
p0        0.392± 5.942 
p1        0.1639± 2.474 
p2        0.03815± 0.2014 
p3        0.5088± 8.699 
p4        0.1168± 2.122 
p5        0.0374± 0.04811 

Fit to MCPROD CC energy distribution

Energy (MeV)
4 6 8 10 12 14 16 18 20

N
um

be
r o

f s
ig

m
a 

fr
om

 z
er

o

-5

-4

-3

-2

-1

0

1

2

3

4

5

Number of sigma from zero vs. Energy



 / ndf 2χ  54.84 / 59
Prob   0.6295
p0        0.429± 3.556 
p1        0.3073± 3.041 
p2        0.08445± 0.5143 
p3        0.6999± 9.166 
p4        0.2091± 2.167 
p5        0.02132± 0.02645 

Energy (MeV)
4 6 8 10 12 14 16 18 20

0

0.01

0.02

0.03

0.04

0.05

 / ndf 2χ  54.84 / 59
Prob   0.6295
p0        0.429± 3.556 
p1        0.3073± 3.041 
p2        0.08445± 0.5143 
p3        0.6999± 9.166 
p4        0.2091± 2.167 
p5        0.02132± 0.02645 

Fit to MCPROD ES energy distribution

Energy (MeV)
4 6 8 10 12 14 16 18 20

N
um

be
r o

f s
ig

m
a 

fr
om

 z
er

o

-5

-4

-3

-2

-1

0

1

2

3

4

5

Number of sigma from zero vs. Energy



Cf Source Radial Position (cm)252
0 100 200 300 400 500 600

Ef
fic

ie
nc

y 
(%

)

0

10

20

30

40

50

60

70

80

90

100

Salt phase

O phase2D

(a)





radial
Entries  485196
Mean   0.4812
RMS    0.2842

 / ndf 2χ  123.4 / 93
Prob   0.01915
p0            0±     1 
p1        0.005732± 0.06902 
p2        0.1251± -0.5237 
p3        0.0415± 0.08357 
p4        0.1017± -0.2953 
p5        0.05109± -0.2053 
p6        0.07229± -0.1884 
p7        0.004809± -0.02015 

(R/Rav)^3
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

0.002

0.004

0.006

0.008

0.01
radial

Entries  485196
Mean   0.4812
RMS    0.2842

 / ndf 2χ  123.4 / 93
Prob   0.01915
p0            0±     1 
p1        0.005732± 0.06902 
p2        0.1251± -0.5237 
p3        0.0415± 0.08357 
p4        0.1017± -0.2953 
p5        0.05109± -0.2053 
p6        0.07229± -0.1884 
p7        0.004809± -0.02015 

Fit to MCPROD CC radial distribution
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Fit to MCPROD NC radial distribution

(R/Rav)^3
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

N
um

be
r o

f s
ig

m
a 

fro
m

 z
er

o

-5

-4

-3

-2

-1

0

1

2

3

4

5

Number of signal from zero vs. (R/Rav)^3



radial
Entries  269579
Mean   0.4914
RMS    0.2897

 / ndf 2χ  111.7 / 93
Prob   0.09114
p0            0±     3 
p1        0.1204± 2.055 
p2        0.1286± -1.828 
p3        0.07592± 1.562 
p4        0.05653± 1.133 
p5        0.4056± 1.473 
p6        0.4344± -1.281 
p7        0.0001525± -0.000629 

(R/Rav)^3
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

0.002

0.004

0.006

0.008

0.01
radial

Entries  269579
Mean   0.4914
RMS    0.2897

 / ndf 2χ  111.7 / 93
Prob   0.09114
p0            0±     3 
p1        0.1204± 2.055 
p2        0.1286± -1.828 
p3        0.07592± 1.562 
p4        0.05653± 1.133 
p5        0.4056± 1.473 
p6        0.4344± -1.281 
p7        0.0001525± -0.000629 

Fit to MCPROD NC radial distribution

(R/Rav)^3
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

N
um

be
r o

f s
ig

m
a 

fro
m

 z
er

o

-5

-4

-3

-2

-1

0

1

2

3

4

5

Number of signal from zero vs. (R/Rav)^3



 / ndf 2χ    182 / 199
Prob   0.8006
p0        1.241e-05± 0.004994 
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Fit to MCPROD ES Cos(theta_sun) distribution
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Prob   0.0008457
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Fit to MCPROD CC Beta_14 distribution
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Beta_14
-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

N
um

be
r o

f s
ig

m
a 

fr
om

 z
er

o

-5

-4

-3

-2

-1

0

1

2

3

4

5

Number of sigma from zero vs. Beta_14



 / ndf 2χ  79.46 / 97
Prob   0.9024
p0        0.001796± 0.3426 
p1        0.0008884± 0.1555 
p2        8.59e-05± 0.009595 
p3        0.005711± -0.06004 
p4        0.004154± -0.0457 
p5        1.452e-05± 7.772e-05 
p6        0.005386± 0.1172 
p7        0.006858± 0.07793 
p8        8.433e-05± 0.0004854 

Beta_14
-1 -0.8 -0.6 -0.4 -0.2 -0 0.2 0.4 0.6 0.8 1

0

0.005

0.01

0.015

0.02

0.025  / ndf 2χ  79.46 / 97
Prob   0.9024
p0        0.001796± 0.3426 
p1        0.0008884± 0.1555 
p2        8.59e-05± 0.009595 
p3        0.005711± -0.06004 
p4        0.004154± -0.0457 
p5        1.452e-05± 7.772e-05 
p6        0.005386± 0.1172 
p7        0.006858± 0.07793 
p8        8.433e-05± 0.0004854 

Fit to MCPROD CC Beta_14 distribution
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Fit to MCPROD External Neutron Radial Distribution
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 0.000207 ±p0       = -0.000103 

 2.101e-08 ±p1       = 1.421e-08 
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H2O Attenuation vs. Date (337 nm) Chi2 / ndf = 1.789 / 3

 9.087e-05 ±p0       = 0.0001703 
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H2O Attenuation vs. Date (365 nm) Chi2 / ndf = 1.045 / 3

 7.57e-05 ±p0       = 8.105e-05 
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H2O Attenuation vs. Date (386 nm) Chi2 / ndf = 1.526 / 3

 6.855e-05 ±p0       = 0.0001687 
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H2O Attenuation vs. Date (420 nm) Chi2 / ndf =  2.36 / 3

 6.51e-05 ±p0       = 0.0002988 
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H2O Attenuation vs. Date (500 nm) Chi2 / ndf = 2.719 / 3

 6.75e-05 ±p0       = 0.0005747 
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H2O Attenuation vs. Date (620 nm) Chi2 / ndf = 11.38 / 3

 6.411e-05 ±p0       = 0.002294 
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NHit Distribution  for 1.2MeV Gamma Rays (no PMT Noise)
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Nhit Distribution for 2.0MeV Gamma Rays (No PMT Noise)
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Nhit Distribution for 4.0MeV Gamma Rays (No PMT Noise)
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Nhit Distribution for 7.8MeV Gamma Rays (No PMT Noise)
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Nhit Distribution for 7.8MeV Gamma Rays (with PMT Noise)











Fit to Nhit Distribution for 1.3MeV Gamma Rays
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 / ndf 2χ  147.8 / 59
Prob   8.973e-11
p0         0.14± -9.183 
p1        0.05461± 8.484 

 / ndf 2χ  147.8 / 59
Prob   8.973e-11
p0         0.14± -9.183 
p1        0.05461± 8.484 

Primary gaussian mean vs. MC energy
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 / ndf 2χ  110.2 / 53
Prob   6.719e-06
p0        0.04394± 1.611 
p1        0.02565±   1.3 
p2        0.003081± -0.02751 

 / ndf 2χ  110.2 / 53
Prob   6.719e-06
p0        0.04394± 1.611 
p1        0.02565±   1.3 
p2        0.003081± -0.02751 

 Primary gaussian sigma vs. MC energy
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Primary gaussian constant vs. MC energy
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 / ndf 2χ  93.87 / 58
Prob   0.002003
p0        0.1332± -5.101 
p1        0.09103±  4.23 
p2        0.01213± 0.3805 

 / ndf 2χ  93.87 / 58
Prob   0.002003
p0        0.1332± -5.101 
p1        0.09103±  4.23 
p2        0.01213± 0.3805 

Second gaussian mean vs. MC energy
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 / ndf 2χ  92.74 / 57
Prob   0.001944
p0        0.02675± 0.6336 
p1        0.007335± 1.002 

 / ndf 2χ  92.74 / 57
Prob   0.001944
p0        0.02675± 0.6336 
p1        0.007335± 1.002 

Second gaussian sigma vs. MC energy
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 / ndf 2χ  16.03 / 32
Prob   0.9916
p0        0.08662± 5.651 
p1        0.2085± 1.241 
p2        0.08939± 0.258 
p3        1.221± 7.875 
p4        0.2882± 1.082 
p5        0.03326± 0.01854 
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p5        0.03326± 0.01854 

Fit to MCPROD external neutron energy distribution
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 / ndf 2χ  92.54 / 95
Prob   0.5524
p0        0.04294± 0.4674 
p1        0.02966± 0.09031 
p2        0.0005345± 0.0004 
p3        0.005001± -0.05434 
p4        0.006051± -0.04832 
p5        3.289e-05± 0.0001447 
p6        0.005786± 0.329 
p7        0.002479± 0.1653 
p8        0.0005146± 0.009733 
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p5        3.289e-05± 0.0001447 
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p8        0.0005146± 0.009733 

Fit to MCPROD External Neutron Beta_14 distribution
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Number of sigma from zero vs. Beta_14



 / ndf 2χ  220.3 / 199
Prob   0.1433
p0        3.014e-05± 0.00496 
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 / ndf 2χ  220.3 / 199
Prob   0.1433
p0        3.014e-05± 0.00496 

Fit to MCPROD External Neutron Cos(theta_sun) distribution
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Number of sigma from zero vs. Cos(theta_sun)
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Systematic Distribution for CC Energy
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