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® Problem : double-count of noise effect on
Data and MC

® Problem : neutrino event loss due to pileup
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Double count of noise effect

Process for MC

Generate Detector MC
w/o BG and noise hits

:

Add noise hits on MC

:

Neutrino event selection

:

Process for Data

Neutrino event selection

~

-

\_

Correct lron mass diff.

Correct event loss due to
noise hits (by MC)

Remove BG remaining
contamination

~N

~

# of expectation 6 # of observation

Noise treatment inconsistent b/w Data and MC
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Noise correction for MC

|. Measure some noise properties in no
beam period

2. Reproduce the noise properties by MC

3. Calculate variation of MC # of
expectation between w/ noise and w/o

Variation of number of events as a function of noise _|f 11.07

|
_ Prob N 0
noise each module o \lL b1 ssss o0
ot L T
. . . .(_3 _2_ .
. Get the correlation b/w variation of £ = |
. . -3 1 i S O
MC expectation vs. noise rate > T
4f % S
4. Calculate the correction factors for MC J: \{#\
. [ ~k T~
expectation from the result of fitting. - ™~
R e B e S
5. Calculate noise rate (currently every Noise rate

MR Run) and do correction
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MPPC noise properties

® Noise
® s hits on beam off cycles

® s hits on cycles which have no time cluster events

| fDefaultReco.fingridHit.cyc htemp
. Measured nOise Property BUU&S\:' T 11 T T 1 lx T T T T™TT ™TT :n;':;:' 5:}5-:
ﬂ : :
® Noise rate / cycle for each 2 "'
o -
channel ** z
50000 —
® Lightyield (LY)and TDC  Befify off Beam off
distribution of each module 3000015
20000
® Reproduce these noise 10000 |
property b)’ MC 00:' TR0 12 14 16 18 20 22 24

Cvcle #
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Comparison between data and simulation (Run33)

simulation is normalized by data

| Noise rate (each module) | | Noise rate |

— MC
l—'m 7 T rTT T T T T T T T T ] % 800 7_..[....J.....L....J.........J LIS S |
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D [ i
= w 600 [ |
= s i o ] o [
pa by i H= i
_Q — 1 500 e
o ]
= A ot .
400 =
£ 3 N U N S WY S . -
T 300 |-
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00 L 1 L 2 L L L 4 L 1 L 6 L 1 L 8 L L I10I L I12I 1 I14I 1 I16 00 L L IOI-OOISI 1 6_01I L IOI_01I5I L cI)_02I L 0-025| L 6-03
Module # noise rate [/cycle]
| Noise structure (module:0) | DATA | Noise structure (module:0) | DATA
3 —— MC __mMcC
<10
m [T T T T T T T T ] T |g
Boo|— —] E
s ] 3
o - ]
= | . o
400 — — E
. =
300 — -
. -
200 — ] E
100} — 10| B I I
: : | SR ) e
-90 (1] 10 20 30 40 50 60 70 30 90 100

[nsec] [PE]

Good agreement
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Variation of MC expectation from noise

® Appropriate neutrino event selection for MC w/ and w/o noise

MC and calculate variation b/w two.

Variation of # of events as a function of noise | All planes |
- — — %2/ ndf 14.64 /13 p1
£ 0 05677+ 0.01130 Run32 -0.568 +/- 0.011
o : : Run33 -0.565 +/- 0.011
= S S R ] Run34 -0.578 +/- 0.011
é N S Run36_00 | -0.593 +/- 0.011
= Run36_01 | -0.585 +/- 0.010
N T D R R e Run37_00 | -0.570 +/- 0.011
Run37_01 | -0.587 +/- 0.011
PR S N N SRS SR N Run37_02 | -0.572 +/- 0.010
: Run37_03 | -0.568 +/- 0.010
S N NN NN SN N Run38 -0.568 +/- 0.010
2 3 4 5 6 7
Noise rate[/cycle] [ p1 (grad) | :2“;:‘:: 7445::
I I I I 1 po -0.5752 = 0.0033
CO.56 || .
Calc. correction factor PN = S L ]

by this result

-0.58 |

-0.59 |-

Rungs Rungs Runzg, Sunzg o’?oun;;s o’tu;;;; > Rtrn 3 > ’?;.”73 > Renz > ovnzg

Oo o [25-3
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Correction factor

Calc. noise correction factor every day (ex. MR Run33)

Noise rate of module#0 Correction factor for module#0

151 — N
% - §. -
> 5[ . i
Lo S B -2.65— -~ n LR AR *'++ A
9 : S - ]
Bl | .01 T
C g - ] c 27 | -
RS Y _,__+_<L ] 9 - — ~\> ]
57 - \ R PE T -
- . — I Q - .
Z .6k R ‘v t '275_‘ | ' . )
SHEE A e ; o) i j( + i
45 width+033 U | | |
4.4 . i + width = 0.19% ]
4.3; . -2.85[ ]
09/05 16/05 23/05 30/05 Date 09/05 16/05 23/05 30/c Date
Date Date

Fluctuation is small = Estimate correction factor every MR Run
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MC expectation w/o noise

Neutrino selection efficiency of vy in FV (CC+NC)

® Again, generate INGRID 5 11—
Standard MC just w/o g 99 3
. O 0.8:— =
used noise MC £ 70 e T s B
e Currently, only f 06 :
urrently, only for 0.5 E
nuMu neutrino. 0.4: =
. 0'32_ —— w/ noise MC _
® Small difference of 0.25
selection efficiency b/w 0.1 —— w/o noise MC
. - | PRI | L by v by v by by Ly
w/ and w/o noise MC % 2726 8 10 12 14 16 18 20

Neutrino Energy [GeV]
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Difference of MC expectation

Expected # of events in 14 standard modules
(include only numu)

unit:[/10?'POT]

Nexp (w/ noise

Nexp (w/o noise

(w/o noise) /

MC) MC) (w/ noise)
10d-v2 (Run | 1.427E+07 1.467E+07 1.028
proton beam.)
10d-v3.1 (Run &l | 464E+07 1.506E+07 1.028
proton beam)
| la-v2 1.504E+07 1.546E+07 1.028

MC expectation (for numu) increase by 2.8%
Also check this effect on numu-bar by generating MC w/o noise MC.
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Pileup problem

® At current INGRID tracking, select

wues | MOSt downstream active plane

only one track at more than two

Side View Top View

tracks in same module in same bunch. ..

® Track selection is depend on the
most downstream plane# (MD#)
and penetrated tracking planes
(=track length)

® Select the track with larger i a N

L1 T R
=20 0 20 40 60 80100 120

Penetrated scintillator planes

MD# and longer length

® At high power beam, possible to miss track of neutrino event —
neutrino event lost (pileup problem) — Want to estimate the effect

Label for each | - NuFV = Remain after FV cut = neutrino event candidate
event case - NuOV = Reject w/ FV cut

| - BG = Reject w/ Upstream VETO cut

. )

\
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X-Z

Pileup-1 : NuFV & NuFV

—> Track (NuFV)

\ """ > Track (NuFV)

At current MC, generate
71" neutrino events one-by-

X-Z

one.
So event pileup always not

- ‘ ‘ happen.

Select! Data : Ievents
'MC :2 events |

-~ ed
> Select — | event loss
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Pileup

e
X-Z

Pi

-2 : NuFV & NuOV

eup-2A
y-Z

X-Z

-> Select

X-Z

Track (NuFV)
Track (NuOV)

Pileup-2B
y-Z

-

4

_MC :

'Data : levents|
| events |

\_

A

y-Z A

Tracked

J

| event loss
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Pileup-3 : NuFV & BG Tk (B0

Xz ;{PI eUD 3A N oo P| eUP-3'B N
/,,’A \" ¢’7 ~,
~ - N~ o
‘?,/ ~\\\ \"ﬂ ”’f ~~~\
| \ﬁ ”f \\\
’ T ~L
\\ \ S
N
\
! |
X-Z ‘,1 y-2Z . d X-7 V-2
4 1
// Tracked ~4 = ct rolcked ? ~
ralcke ~
"/ lect \\\\ s g
’ A g Trasked
-> Select
\

\. J \_ \ )
Data : | events| No loss | Data : 0 events| | |
MC : | events | MC:1levents | | €ventioss
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Probability of Pileup event loss

Rate of event loss due to Pileup when | NuFV happen
= Rate(pileup-1) + Rate(pileup-2B) + Rate(pileup-3B)

Conditional Probability of event loss

= Event loss rate / NuFV rate

= Rate(NuFV) + Rate(NuOV) x Prob(pileup-2B) + Rate(BG) x
Prob(pileup-3B) [ppb]

o Each event rates estimated from data.
; — Probability of whether 2A or 2B is selected in Pileup-2. (also
u for Pileup-3) estimated by toy MC with PDF from data.

129126 HAREH
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Each event rate (Data)

® Use data in MR Run29-30 to estimate each event rates

® | ow beam power (~2el2 ppb)

Each event rate in MR Run29&30 [/1el 3 pot]

'50-035 — 1 T | v 1 T | T T T | T T T ] T T T 1 T BG

T HData Stat. error — NuOV
I‘J\'J 0.03~ — NuFV
AN _ I 3
'00.025 e ' -
© - + ; ' _
..E 0.021- =
} e : =
£0.0151 =
w : N : :
0.01- [ ' -
0.005 - — - pai=
0: Lo I I T I I | -

0 2 4 6 8 10 12 14
module#
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Toy MC

- PDF of most downstream plane# vs track length (MR Run29-30)
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most downstream active plane#

=

# of penetrated tracking planes
T

MD#, Track length

Compare
— Count as 2A or 2B

4 —0.08
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MD#, Track length|«<—>

P R
2 4 6 § 10 12
most downstream active plane#

~ =

MD#, Track length

Compare
— Count as 2A or 2B

Make leb6 toys — Calc. prob. of which event selected.

129126 HAREH

17



Result of 10° toy MC

Pileup 2 (NuFV & NuOV) Probability
2A (No loss) 0.4758
2B (levent loss) 0.4605
Same MD# and Track length 0.0637
Pileup 3 (NuFV & BG) Probability
3A (No loss) 0.4107
3B (levent loss) 0.5773
Same MD# and Track length 0.0120

- Probability of “same MD# and track length” added on Prob-A

and Prob-B fifty-fifty at this time.

129126 HAREH
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Event loss probability at each module

Probability of event loss when neutrino observed

W
(&)

— P gy B

Fractional Stat.
error: 2~3%

(only stat. error)

[ R T N MR N SR A TR T MR NN S A TR NN N N S N SR SR TR RN R
% 2 "4 & 8 10 12 14
module#

o

o

N
IIII|IIII|IIII|III|IIII|IIII|IIII|II
III|IIII|IIII|IIII|III|IIII|IIII|II

Event loss probability: 2~3% [/ 1 El 3 pot]
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History of protons/bunch

12 __ ............................ ............................ ............................ ............................ ............................ ...................... MR Run Avg. ppb

10— ............................ ............................ ............................ ............... oo 29-30 2.57E+12
ot 32 5.30E+12
3 » :l T 34 6.22E+12

5 N RS A R A 36 8.66E+12
- - 37 9.57E+12

| | | I | 1 I 1 | I | | I | | | | | | | 1 I | | 38 I.IOE+I3
Dec/31 Mar/02 May/02 Jul/02 Sep/01 Nov/01 Dec/31 Mar/02

o N S (o)} (o]
|

Average pileup probability at module#10 (assume pileup

prob. increase linearly to ppb)

- MR Run29-30:0.85%
- MR Run38 :3.6%
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Effect on beam profile

Ex) check the horizontal beam profile width in MR Run38

Horizontal beam profile (MR Run38) | &oman

Horizontal beam profile (MR Run38)

nnnnnnnn

¢20000——————————
| ]
Q e ERLEIN i
> .o e
©.50001 N
+=15000] B ] .
* ; ' ]
10000~ ° M
50001 : -
- Before pileup corrected
ot e :

I I T SR N R T PR N T W S !
-400 -200 0 200 400

Horizontal position [cm]

Center =45 + 2.3
Width =445 + 4 cm

020000 ——

- ~~

After pileup corrected

P I R R R P I T T !
-400 -200 0 200 400
Horizontal position [cm]

Center =44 + 2.2
Width =439 + 4 cm

— Width decrease by |.4%
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Summary

® Check pileup effect by using the low intensity beam data and toy MC
® Probability of event loss due to pileup = 3.3% [/lel 3 pot] (module#10)
® |n March 2011, beam power reach tol45kW ~ |.lel3 ppb

® 3.6% event loss (assume linearity of pileup loss to ppb) — Not
negligible.
® Plan to estimate the correction factor spill-by-spill for observed neutrino
event by using this results

® For details, Kikawa-san estimate this pile-up effect bunch-by-bunch by
using Detector MC
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