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Introduction

 UCL has processed all R.18.2 data up to the shutdown
 Have counted ~1.257¢20 POT 1n data

— Early data: 1.037¢20 POT
— Later data: 0.221e20 POT
 Have also processed all MC files giving 2.834¢19 POT
- SKZP3 and MODBYRS3 reweighting has been applied
* Ambiguity over 2.568e+13 or 2.486e+13 POT/snarl for SKZP3

* The same data quality, preselection and PID cuts have been used
as for W& C analysis




The Plots

* | have produced 27 distributions each for three sets of
cuts: data quality, preselection and PID

* The plots follow the format below:

Distribution showing

Old Data, New Data and MC
normalized to New Data POTs

Ratio of Old Data / New Data

Chi2/ndf shown

Ratios of
Old Data / MC,
New Data / MC,
Old + New Data / MC

Chi2/ndf of (Old+New)/MC shown

Pull distribution: one entry per bin
from Old/New ratio
[ (value — 1) / error |

Fit to pull distribution shown




Observations

* Generally, the New and Old data show very good
agreement

— Agreement improves as event selection cuts are applied

* Most significant i1ssue relates to the New/Old
normalization:

— The agreement can be significantly improved by
increasing the new data POTs by ~0.5%

* Also some shape changes in PH dependent
distributions

— Change 1n light level not accounted for by calibration?



Summary Distribution

* These histograms show the means and widths from fits to the
individual pull distributions. Expect <mean> ~ 0, <width> ~ 1

Fitted Means from Data Quality Residual Distributions

g Mcan OLB4TS

RMS 039493

Fitted Means from Preselection Residual Distributions

o Wlcan 0302

RMs 0213

Fitted Means from PID Residual Distributions

g Wean (0407

RMS 03308
X

Fitted Widths from Data Quality Residual Distributions

o B EAT
Ras

[.194
02719

Fitted Widths from Preselection Residual Distributions

o B EAT
Ras

099280
023408

Fitted Widths from PID Residual Distributions

Mizan

-LI C |rs

[.004
01957




Plot Library



Data Quality

Number of Tracks in Event
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Data Quality

Number of Showers in Event New/Old Data Ratio of Number of Showers in Event
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Data Quality

Event Length in Planes
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Data Quality

Track Length in Planes New/Old Data Ratio of Track Length in Planes
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Data Quality

Shower PH per Plane in ADC counts
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Data Quality

Event X Vertex in metres New/Old Data Ratio of Event X Vertex in metres
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Event Y Vertex in metres

ND Old Data, New Data, MC (103.71, 22.06, 28.34 10" POT)

Data Quality

New/Old Data Ratic of Event Y Vertex in metres

SO000

SO0

30000

20000

10000

| Data Quality Cut

—e— Data (Old)
Data (New)

—_— MC (SKZP3)

Data/MC Ratio of Event Y Vertex in metres

yimdf = 39166.40 / 250 (Old+New DataMC)

Ewvent Y Vertex in metres

T T

Data/MC Ratio

—t— Data/MC (Old)
Data/MC (New)
—t— Data/MC (Old+New)

Ewvent Y Vertex in metres

y*mdf = 386.09 / 250

New/Old Data Ratio

Residuals from Unity of New/Old Ratio
Mean = 0.63 RMS = 1.07

Ewvent Y Vertex in metres

o L L R EEEE —{ 2°/ ndf 147.1 /27

[~ Prob 1.681e-18

30 - Constant 29.66 £ 0.49

B Mean 0.6406 £ 0.0221

251 Sigma 1.145 + 0,021
20 —
15 -
10 —
S| =
0:. | —— ' R B R -:
5 4 3 -2 1 0 1 2 3 E 5

Residuals (number of )



Event Z Vertex in metres
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Data Quality
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Data Quality

Track Y Vertex in metres New/Old Data Ratic of Track Y Vertex in metres
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Data Quality

New/Old Data Ratio of Track Z Vertex in metres
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Data Quality

New/Old Data Ratio of Track Angle in Z at Vertex
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Track Q/P in GeV/c

ND Old Datl'ﬁ_-,New Drata, MC (103.71

Data Quality

New/Old Data Ratio of Track Q/P in GeV/c

, 22.06, 28.34 x10" POT)

1000

B0

400

200

T |Data Quality Cut

—e— Data (Old)
Data (New)

—_— MC (SKZP3)

Data/MC Ratio of Track Q/P in GeV/c
yindf = 48345.07 / 80 (Old+New Data/MC)

0.5 1 1.5 2

Track Q/P in GeV/c

1.4F
1.2F

Data/MC Ratio

2||

) RN — AU -

1.6 :_, ................. . ................. ,._ ...............

| —e— Data/NMC (OId)

Data/MC (New)

—t— Data/MC (Old+New)

Track Q/P in GeV/c

¥imdf = 39823/ 80

1_I5....!....
1.1

1.05

New/Old Data Ratio
T
-?E-;;.
¥
4
3
& ]
s
e
E3

Track /P in

Residuals from Unity of New/Old Ratio

Mean = 0.85 RMS=1.30

GeVie

2/ ndf

10

Prob
Comstant
Mean 0
Sigma

43.05 /27
0.02586
T.BO8 £ 0.484

7066 + 0.0902

1.278 + 0.096

L
M ;
L

..0....1. .2....3...

4 5

Residuals (number of )




Track Q/P/=(Q/P)
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Data Quality

Fraction of PH in Track
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Data Quality

DP PID New/Old Data Ratio of DP PID
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Likelihood PID - 0 < Reco E < 3 GeV

Data Quality
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ND Old Data, New Data, MC (103.71, 22.06, 28.34 10" POT)

40000
35000
30000
25000
20000
15000
L0

5000

" Data Quality Cut

—e— Data (Old)
Data (New)

—_— MC (SKZP3)

-1.5 0

0.5 1

1.5

Likelihood PID - 0 < Reco E,, < 3 GeV

Data/MC Ratio of Likelihood PID - 0 < Reco E, < 3 GeV

yimdf= 1227345/ 166 (Old+New DataMC)

2
L&
1.6
1.4

1

Data/MC Ratio

0z

1.2F

0.5
0.6
04

—t— Data/MC (Old)
Data/MC (New)

¥ mdf=201.89 /126

.15

1.1

1.05

(.93

New/Old Data Ratio

0.9

IIII|IIII|IIIItIIII|IIII|IIII

(L83

-(.5 0

Residuals from Unity of New/Old Ratio
Mean = 0.50 RMS=1.16

o5 i
Likelihood PID - 0 < Reco E, < 3 GeV

1.5

—t— Data/MC (Old+New)

{}-

Likelihood PID - 0 < Reco E, < 3 GeV

S EREmas , e f 17/ ndf 58.55/27
B Prob 00004074
14 :_ Constant 14.05 + 0.47
- Mean 0.4741 £ 0.0483
- Sigma 1.225 + 0.044
1 =
s -
= -
4 —
b = 3
0:---|--- il BT BT R Ly Ly R . -:
5 -4 -3 -2 -1 0 1 2 3 4 5

Residuals (number of )




Data Quality
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Likelihood PID - 6 < Reco E, < 10 GeV

Data Quality
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Data Quality
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Data Quality
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Data Quality
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Data Quality
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Data Quality
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Preselection
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Preselection

New/Old Data Ratio of Number of Showers in Event
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Preselection

New/Old Data Ratio of Event Length in Planes
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Preselection
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Preselection

New/Old Data Ratio of Event PH per Plane in ADC counts
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Preselection

Track PH per Plane in ADC counts
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ND Old Data, New Data, MC (103.71, 22.06, 28.34 10" POT)

o T T T T T T T T T Preselection Cut
B —a— Data {Old)
I Data (New)
- — MC (SKZP3)
5000 —
000 —
3000 —
2000f- -
1000 =
i ey Je 9 J,0 91,1, ...1,..,.]J,.,.J],.,.]1,.,.1,.,
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Shower PH per Plane in ADC counts

Data/MC Ratio of Shower PH per Plane in ADC counts
yimdf = 10438.44 / 199 (Old+New Data/MC)

Data/MC Ratio

2
L&

........ Data/MC (New)
1\ ______________ ] = patai 0eew)

AR M A —— Data/MC (Old)

J

T A P T R N
4000 3000 6000 7000 BOO0 9000 10000
Shower PH per Plane in ADC counts

New/Old Data Ratio of Shower PH per Plane in ADC counts
¥ mdf=207.64 /197

.15

1.1

1.05

(.93

New/Old Data Ratio

0.9

()R e

Shower PH per Plane in ADC counts

Residuals from Unity of New/Old Ratio

Mean = 0.27 RMS =099

—_ — I3 [ [
= Lh = M =
'-"_|||||||||||||||||||||||||||||||||_

M

=

#* / ndf 100.5 /27

O B
Prob 2.104¢-10

Constant 2687 £ 0.54
Mean 02035 + 0.0226
Sigma 09767 + 0.0229

.J‘-IIII|IIII|IIII|IIII|III

I 4
Residuals (number of )



Preselection

Event X Vertex in metres

ND Old Data, New Data, MC (103.71, 22.06, 28.34 10" POT)

™1 T 1 1 ' |Preselection Cut
—e— Data (Old)

Data (New)

— MC (SKZP3)

—
0.5 1 1.5 2 2.5 3

Ewvent X Vertex in metres

Data/MC Ratio of Event X Vertex in metres
¥imdf =270,

Data/MC Ratio

25/ 150 (Old+New Data/MC)

—_ ! =T | —e— Data/MC (Old)
: : : Data/MC (New)

—t— Data/MC (Old+New)

L
. ....................... ....................... ....................... ............................... e

0.5 1 1.5 2 2.5 3
Ewvent X Vertex in metres

New/Old Data Ratio of Event X Vertex in metres
f;‘ndf— 180.75 /150
1.15 .

1.1

1.05

(.93

New/Old Data Ratio

0.9

1 T |
0.350 ) : G

Event X Vertex in metres

Residuals from Unity of New/Old Ratio
Mean = 0.20 RMS = 1.08

25 ey 7/ 0l 80.55 /27

B Prob 1.25¢-08

B Constant 18.71+0.51

20 Mean 0.2327 + 0.0339

[ Sigma 1067 + 0.034
15 ]
o .
s|— _
0_ i . ]
.5 -4 3 4 5

Residuals (number of )



Preselection

Event Y Vertex in metres

ND Old Data, New Data, MC (103.71, 22.06, 28.34 10" POT)

: ' ' T ' T ' T ' " |Preselection Cut
8000 —e— Data (Old)
000 Data (New)

— MC (SKZP3)
B0 =
S000 —E
4000 3
3000 —
2000 —E
1000 —E
S R AT S N "

0 N 0 0.5 ] s

Ewvent Y Vertex in metres

Data/MC Ratio of Event Y Vertex in metres
yimdf=161.22 /125 (Old+New Data/MC)

Data/MC Ratio

T T —— Data/MC (0ld)
1.8 : 5 Data/MC (New)
| —e— Data/MC (Old+New)

1.6F

1.4

Ewvent Y Vertex in metres

New/Old Data Ratic of Event Y Vertex in metres

yimdf= 15276 /125

.15

1.1

1.05

(.93

New/Old Data Ratio

0.9

0.85

I DRI R W#i{m{‘#ﬂ ________

Ewvent Y Vertex in metres

Residuals from Unity of New/Old Ratio

Mean =028 RMS=1.07
Ty £/ 0l 45.62 /27
16 Prob 0.01396
Comstant 16.31 £ 0.52

— — —
= = oo = [ =

I~

=

Mean 0.3224 £ 0.0380
Sigma 1018 + 0.037

"‘"_III|III|III|III|III|III|III|III|I_

.J‘-III|III|III|III|III|III

= 3 I 4
Residuals (number of )



Event Z Vertex in metres
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Track Z Vertex in metres
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Track Q/P in GeV/c
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Fraction of PH in Track
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DP PID
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Preselection

Likelihood PID - 0 < Reco E < 3 GeV
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Preselection

Likelihood PID - 6 < Reco E, < 10 GeV
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New/Old Data Ratio of Reconstructed Neutrino Energy in GeV
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Event Length in Planes
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Shower Length in Planes
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New/Old Data Ratio of Event PH per Plane in ADC counts
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Track PH per Plane in ADC counts
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Event X Vertex in metres
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Track Y Vertex in metres
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Track Z Vertex in metres
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Track Angle in Z at Vertex
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ND Old Data, New Data, MC (103.71, 22.06, 28.34 10" POT)

2500

2000

1500

1000

300

{PID Cut
—e— Data (Old)

Data (New)

— MC (SKZP3)

-1.5 0 0.5 1

—

5

Likelihood PID - 10 < Reco E,, < 30 GeV

Data/MC Ratio of Likelihood PID - 10 < Reco E, < 30 GeV

yimdf=372.30/ 166 (Old+New Data/MC)

Data/MC Ratio

p.

A —— Data/MC (0Id)
1.8 :_ ............................ Data/MC (New)
N S SR R —— Data/C (Old+New)
| S R W S| S 3
] S OSSP S ................................................. 3
o ﬁ. : -
'F H ) Wﬂq ]
{}_g:_ .................................................... ............................ ......................... i ................... _:
170 T S N ..................... 3
{}_4 :_ ................................................................................. ..1 ................... _:
0.2 :_ ......................................................... ................................ * ............... _:
ﬂ: . L | L A
-1 0.5 0 0.5 1 1.5

Likelihood PID - 10 < Reco E,, < 30 GeV

PID

New/Old Data Ratio of Likelihood PID - 10 < Reco E, < 30 GeV
yimdf=89.97 /79

.15

1.1

1.05

(.93

New/Old Data Ratio

0.9

(L83

-(.5 0 0.5 1

1.5

Likelihood PID - 10 < Reco E, < 30 GeV

Residuals from Unity of New/Old Ratio

Mean = 0.36

—
e

—_—
I~

=

o

i

I

=

RMS = 1.00
ey %/ 0l 108.1 /27
n ™ Prob 1.157¢e-11
B Constant 9905 + 0.494
n Mean 0.4THE £ 0.0655
B Sigma L1+0.1

of —
:. e g ]
3 -4 4 3

Residuals (number of )




Reconstructed Muon Energy in GeV
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Reconstructed Shower Energy in GeV
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