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T2K experiment
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Physics run start from 2010.1.
Goals
Search for ve appearance (Vu—Ve)

Precise measurement of Vu disappearance (V,—Vx)
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T2K Collaboration T2\

~500 collaborators, 59 institutions, 12 countries
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Ve appearance

Three-neutrino oscillation scenario = UpMNs

;Vgll :1 0 0 cos B, 0 si1 @ '005912 sin @, 0
Vo [TIl0 088y sinOy (X 0 1 X —sin@,, cos,, 0|fK
Ve 0 —sin 6,, 005913 —51119 e 0 005913 | 0 0 1,.

P(v, — v.) ~ sin ‘m ‘m %’ (Am3z, ~ Ami,)

Current measurement of mixing angle
* 012 ~34° : solar/reactor v (Kamland, SNO)

* 0,3 ~ 45° : atmospheric/accelerator v (Supar-K, K2K, MINOS)
*sin?203 < 0.15 (90% C.L) «+ CHOOZ, MINOS

Define last unknown mixing angle.

CPV term in P(Vy—=Ve) o sinB25in03sin0235ind

If 013 measured >0 ...
— Possible to measure CP violation in lepton sector
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T2K overview

Near Far Detector

Decay volume
target/ Yy Muon Detector (SuperK)

30GeV p Horn  TT detector off-axis (2.5°) l,l

protons pm_to.n.@: ——a %_‘_‘_‘_' “““ Lo\ U ™

from J-PARC — on-axis

MR~ —+ TTTHY | |
0m 118 m 280 m 295 km

High stat. v experiment (high proton beam intensity)

Super-Kamiokande(SK) as far neutrino detector

= & ®

Off-axis beam method (optimize to oscillation, less
background)

<]

Event synchronization (near/far) with GPS

NAG6I|(@CERN) — Precise prediction of neutrino
flux for oscillation analysis

<l

20115E7H1HEER 6



Off-Axis beam method

Far Detector

(Super<]) Momentum of parent TT vs
V " < Neutrino ener
target/ 'H """" @ S5 | _iZf—Axis 0
p Forn n?"—s‘e o LEE — Off-Axis 2.0
proton_ R on-axis g 1; — Off—ﬂ;xis 2.5
Decay volume c [ _ | _ |
@ 3500 | — 8. =0.0° S ot A— Boenenenie = Lt
5 3000 @sK — Ou=20° o
- Oop = 2.5° Z B
g 2001 — 0, = 3.0° © 2z 4 e s IO
< 2000 Momentum of parent TT [GeV/c]
% 1500 -
"ﬁ 1000— o . . .
* More sensitive to oscillation.
500
Ll e ® Less high energy neutrino tail
fan] | =
= o8 n { :  Oscillation probability (— background)
5 oekll Am? = 2.5x107 eV?
£ 0%F|fl | N\ L=295km Need to control beam
0.3F|[ . . .
02 J direction precisely (< Imrad)
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Beam line component

Beam monitors

Muon Monitor Horn
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Near detector
(at 280m from target)

Proton beam €j

Beam Dump
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Secondary beam line monitor :
Muon monitor (MUMON)

Detect decay p from 11
— |ndirect measurement of v beam direction

spill-by-spill.
W lon chamber array (7%x7ch)
-mI" Silicon pin photo diode array (7x7ch)

A

Spill-by-spill y beam profile by
fitting with Gaussian.

wons] Siona it .
E o T 2D profile & 41D slice profile
g | s
2 grate 208 —'_I_I_|—|_
0.6F
C :
0.2F
1000 2000 3000 4009“"18 ?:glﬂ _80-6040-20 O 20 40 )??80
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On-AXxis bea

monhnitor :
INGRID

Near detector

Off-AXxis Near
detector : ND280

|||||||||
| it
T 8
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INGRID (On-axis near detector)

Neutrino beam direction/intensity monitor
Tracking plane

ey

= 1 Firstlarge scale

‘L4 application of MPPC
A (~56,000 MPPCs are
used for ND280 /INGRID)

~10,800 ch. in INGRID

Plastic sciﬁfillator(lcmXSCXI20cm) + WLS
fiber + MPPC
2 14 identical modules + 2 off-cross modules

2 Sandwiched Tracking (scintillator-layer) / Iron planes
(6.5cm thickness) & VETO planes.

2 Measure beam direction well better than | mrad.
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Event display of INGRID [ PATA

. Vv beam »
Neutrino event o “
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ND280 (Off-axis near detector)

Count # of neutrino before oscillation with trackers

UAI magnet :0.2T (nominal)

Trackers N
z( Fine Grained Detectors (FGD)
- Neutrino target (FV:1.6ton)
- Fine grain scintillator bars
(lemx|lcmx186cm)
+Time projection chambers (TPC)
- <10% dE/dx resolution y

. 100
—— protons

PC :dE/dx (Data) |

—— muons
—— electrons

1

y
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0
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- Vertical bars k J
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V beam

Event display of ND280

e TPC2
TPC3

FGD| FGD2

CCQE candidate (v+tn—p +P)

DATA.

20115E7H1HEER

14



Far detector:
Supar—Kamlokande (SK)

. Woater Cherenkov detector w/
fiducial volume 22.5kton

' e Dead-time less DAQ system
(2008~)

® Detector performance is well-
matched at sub GeV

= Excellent performance for single
particle event

|

S
I.:‘l

= Good e-like(shower ring) / p-like
| separation

e
velvy .- H
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EE
e

Electron-like and muon-like
event at SK

Particle identification using
ring shape & openlng angle
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Physics Run &2
(2010.1~2011.3)




Accumulated #

- of protons

Summer
shut down

Proton per pulse(for physics run)

Proton per pulse(all runs)

m -
c x |0'8 Delivered proton#
O —— Physi
o [ ysics run )
0O 140 .
~ I 1
o 120 .
s :
100 ,
o '
L. “ 1.-' ‘ : I
Q 60— o ;!
# / ‘ 1
(qv] , L Ilq. s Tt )
S 40— . 1.‘ b
E ol |
5
8 0 ! I 1
<C 2010.3 M1 2010.7
ﬁ

—Runl : 2010.1~6—
- 6 bunch/spill, 3.52 sec cycle

- Total protons :3.23 x 10'°

_ - Average power : 50kW

_J

0109010, |

|
Dec/10

TII||IIII|I|II|I|I||IIII|I|IIlIIII‘IIII|I

& U1
° O
# of protons / pulse

201 |

10

3

D R

~Run2:2010.10~2011.3~
- 8 bunch/spill, < 3.2 sec cycle

- Max stable power : ~145kW
_ - Achieve 10%° protons (2011.2) |

Total # of protons used for analysis is 1.43 x 102? protons

= 2% of T2K’s final goal

20115E7H1HEER
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Primary proton beam measurement

Control beam orbit (optimize before/after ) Beam profile (just

[ Ll Ll T T | v Ll Ll T | T T v Ll I T T
55 B Run #2728 Sh

Horizontal: +1mm *“‘MI | upstream target)

eyt — 5 e e

_ Diff. from center , |

FAR P #28 Shot #2 1 182) - -
- T (AR Bun #28 Shot #21132)
- SSE Fi Fumn #20 Shot #1037 7 4
- - THORAR @ S0 SRt #1905 7) .
= - Allgrmesnt Cato
. - -
+ -
T = |
— __+____._;--_- : = -
. \
¥ S % ] -15
' T -15 -10 -5 0 5 10 15
- S
i X|mm

--m:_'llm—”"il-:ll”nﬂ“nﬂﬂﬂinﬂ'clﬂ:‘*ﬂﬂﬂﬂhainﬂf;ﬂraﬂ*nﬂ'n&ncl' I'l'“'—l"' I arget X Center Q n Ta‘ rget

aligon b ol e 1AFGEL  A-CNLCLON ATES e
e ==Beam direction

| 0 X Target
SE q>=26mm

Beam position, size, angle on Target from
extrapolation of profile measurements.
— Input of flux prediction for 10
oscillation analysis. 2010, |25 ooz towres oo 3o
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MUMON measurement

Recon. beam profile center by Si-arrays

RUN-1 RUN-2
By Runl . 48 Run2 .
§ e ens S e =t |mrad B e +1mrad
gIO‘ o X profile center g 10 e X profile center
S b Y profile center S af Y profile center
B 2 T
oMbk Dot e
Forl i Wik Fo b wos
: P \\y -
i P’fMS i RMS:
10:X:0.62,Y:042 [em] | g -10.209:33, Y048 [em] o
45l | P R T S qsl— L 11
Jan 31 Mar 02 Apr 01 May 01 May 31 Jun 30 Nov 27 Dec 27 Jan 26 Feb 25
Date Date

Beam direction diff. from center << Imrad

— well-control

20115E7H1HEER
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INGRID measurement

Select neutrino event in FV

* Coincident hits in X-Y plane & Timing cut — Reject accidental hits

e Reconstruct one track.

® Select vertex inside fiducial volume — Veto sand muon, cosmic

V, =———> —
M P—miss Event timing el
d . I = - f : : [ deadtime. .
(due to iron-plane) . mAann CELU
Side View ] Top View s = /é :
" Tad +* B ’5,5
i 7 103 ,E,_ ..... g .............................................. -l ,/ .........
wvbeam o eeemmee oL 0 ARORRRRL Gl
) T I s 21 - % i
- T . 100 VRVRVRVE RV B . N7
N’ 5
1 n ?
[ - 1 E‘E;?I,r ...... E‘ . 1 A : éi ;g 4 E Al N E“
' 2000 3000 4000 5000 6000 7000 8000
2 0 20 4 @0 80 100 129 M 0 3 4 @ 80 100 129 time from trigger[nSEC]

20115E7H1HEER
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INGRID measurement

Measurement of daily vV event rate

[l

| ; 5 P2 (only stat. error)

|
|

L
L4+

L]
1.2J—

IR T T T T Time
2010.1 201 1.1] [point/Iday]
Event rate is stable in whole period.

Average=1.512 /10'* # of protons (X2/ndf=1.44)

vV event rate stability: Run I+2 / Run | < 1%
DATA/MC(Run|&2) = 1.057 + 0.001 (stat.) £ 0.040(syst.)

Event rate [/10'* # of protons]
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INGRID measurement

Reconstructed neutrino beam profile center (monthly)

) 2/ ndf 14.99/7
_Profile X-center [cm] J, nJ_ Profile Y-center [cm] "™  20%/7
E W r e m ot | MFAA™E 30— mmarm e s mrererm e emert | mrad
> ol —®— measur€ici ; —e— measurement
e +- Imrad s 200 +- 1mrad
§ 10 l ------ average % oL average
2 I $ ¢ 2 | _ .
= S - g S — R b
A~ | A ° Il L :
-10F -10(- | ¢
L ——Runl —><«Run2—> e Runl ——><4—Run2—
s mnmmnme | pad T  mrad
N RUI RUI RUI RUI RUI RUI Rin. RU D RUpno RUN RUN S RUN S RUN S RUN S RUNS RUN,
Nog &310\73 7 IN35 UN33 YN UN3 s UN3 5 UNsg 3001 2 V33 TS Ve, V7. V38
Time(Period) Time(Period)

Runl &2 Beam direction diff. form exp. << Imrad
- Horizontal: -0.014+0.025 (stat.)*0.33 (syst.) mrad
- Vertical: =0.10710.025 (stat.)*0.37 (syst.) mrad

— Input for oscillation analysis
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Count # of neutrino events at ND280

Inclusive Vi charged current (CC) events with FGD-TPC
* Reconstruct track & matching of FGD-TPC

® No track in TPC| — Veto sand muon
e =| negative charge track in TPC2(or TPC3)

* Track start fiducial volume of FGD | (or FGD?2)
* TPC PID — Select negative particle

CC int.candidate (DATA)

TPCI TPC2
Vi - | TPC3

High purity: 90% | V beam
Vu CC int. — ~ I | R
(50% CCQE)

FGD| FGD2

20115E7H1HEER
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Count # of neutrino events at ND280

40
20

6\ il L | L | L | L | L | L | L | L | L | [ I: .
> 2VOF Recon. muon momentum 1| Normalized by # of
< 180 o2 ~v,CCQE E protons
s 10F T Ve CCnonQE S Only Run| DATA
= 140 | — INC -
% 120:_ ///// [T VM CC =
= - U Outside FGD 3
5 100 ¢ =
80 1 =
SN =
igdift\ \ E
o o)

D500 1000 1500 2000 2500 3000 3500 2000 400 5000

Muon Momentum (MeV/c)
RK: D — 1529 events / 2.9 x 101 p.o.t.

R,u, Data
= 1.036 £ 0.028(stat.)

MC’
RND

+0.044
—0.037

(det. syst.) £ 0.038(phys. syst.)
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ummary of this talk
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Back up
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Optical Transition
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Beam loss
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Event sync. near/far with GPS

* Baseline measurement (GPS Survey)

e | =295335+7 m (ToF =
985.132 + 0.02 usec)

* DAQ synchronization

e Store events in 2500pusec .
window from exp. beam timing SR

.
. .

.......
3 oy
‘o

at SK:“T2K beam event” |

.
-
......
3 Yy
3
. (13
. .
- R,
. .
....
3 .

.
''''''
’’’’
. .
. . )
.
‘e
.

spill spill
|, interval ™3 S€C |

> Teps @)-PARC e

record all hits in Toeam 3
. £500usec i £500(sec Vo s o cfor |
PMT hit | <=2 I — - j
L
m— — > Teps @SK
VTOF (~1msec) VIOF (Dead-time less DAQ)
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Measure proton beam @Target

Estimate beam position, width, angle @Target by
extrapolation of profile measurements.

1.11m 3.18m ' 118m

< > & > < >
1.7m

Beam line center < >

Graphite head 1 —

' l Target

. .
d i T $ 26 mm

) 10.23m
SEM18  SSEM19 OTR

. Baffle . MUMON
X : horizontal beam position

SSEM, OTR : proton profile monitor
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Proton beam measurement

Position [mm]

—
™

Width [mm]

Angle [mrad]

E frmm———————— LT s 3
E L e £ L
e W ¢ 12 Er .
g - x 22— Y
X Target £ X Target | %% X
o _ T 10 —_ Co
E S ¢=26mm N r=13mm | & f
g _ 8 - E T
B . 2 8- a2 r ‘
I PP - T A, i W
5 . _ _. C
i __; . |m ‘m. B
A0 C " -
"|"I‘"II."rIIT"III"I"I'“I‘"IT"III"‘".IIIIIIIIIII"lI"II"“"7"1".'."‘".'."rl"‘."‘"III" ":. _\ 1 1 ‘ 1 1 L ‘ 1 1 L | 1 1 L | 1 L | 1 L 1 | 1 L 1 | 1 :I L L | L L 1 | 1 L 1 | 1 L 1 | L L 1 | L 1 1 | L L L | L
10/03/02 10/05/02 10/07/02 10/09/01 10/11/01 10/12/31 11!0D3ft02 10/03/02 10/05/02 10/07/02 10/09/01 10/11/01 10/12/31 11/03/02 10/03/02 10/05/02 10/07/02 10/09/01 10/11/01 10/12/31 11/03/02
ate Date Date
= - 14 =
E [P0 o00000000000000000000 00000000000 000000000000000000000000000000000000 L T O+
E T : B AR 0 £ T
> 10 ) E B I
] B L L
t Lt Y Target sr Y Target |s% Y
o B —_N 2 10 — e [
JER h=26mm | ¢ “F r=13mm | § ¢
g [ | : S 3 ¢
B ) . . 8_ o r
C A" w 'ﬂ. . : B L i
0 LR IM - g
T " B B
L B l W Y 49 W o -
S5— = b Sl
: SERR T oo |
-10:— 2:— -
i i W Vi A s Bonfn b ol w lnn o lan o Lnnal nnnlly T T B AR R R R
10/03/02 10/05/02 10/07/02 10/09/01 10/11/01 10/12/31 11/03/02 10/03/02 10/05/02 10/07/02 10/09/01 10/11/01 10/12/31 11/03/02 10/03/02 10/05/02 10/07/02 10/08/01 10/11/01 10/12/31 11/03/02
Date Date Date
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* Shot-by-shot accumulated beam profile on target

* Gaussian assumption for shot-by-shot beam profile
* Targeting efficiency

* Geometrical overlap b/w 2D gaussian beam and

upstream target surface.

Fitted parameters

MR-run 29-38 29-34 36-38
x(mm) 0.189 0.37 0.149
x'(mrad) -0.071 -0.044 -0.080
o (mm) 4.097 4273 4.037
gx(n; mm mrad) 4.68 213 5.27
o 0.20 060 0.16
Fitted parameters
MR-run 29-38 29-34 36-38
y(mm) 0.163 0.84  -0.052
y'(mrad) -0.008 0.004 -0.007
o (mm) 4115 | 4.167 4.083
gy(n mm mrad) 4.63 2.29 517
0.09 -0.09 0.14

o
y

Proton beam measurement

Target ¢p=26mm

x1 018protons/mm

X(mm)

R Y R e L =

Targeting Efficiency(%)
o o0
o o

CTOS-averaged targeting
efficiency: 99.4%

—

F -9 =

=] o
_III|III|III|III|IIIJ

20

1 1 | 1 1 1 | 1 : 1 -I | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
10/03/02 10/05/02 10/07/02 10/09/01 10/11/01 10/12/31 11/03/02
Date
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Beam measurement of MUMON

Total muon yield measured by Si-arrays
RUN-1 RUN-2

-— -

W
o,
w
.
T T T

T L ‘l.-""' N W Ry -

W
o
w
o

— N
(4] (4]
]
- N
(4] (4]
T T r I T

-
o
-
o

RMS/Mean: 0.68% RMS/Mean: 0.68%

(&)

T ‘
(4]

T 1

r—'. 1 - L 1 - 1 1 - 1 1 |. 1 1 l 1 e L 1 C L l 1 . - 1 L l 1 . l

Jan 31 Mar 02 Apr 01 May 01 May 31 Jun 30 Nov 27  Dec 27 Jan 26 Feb 25
Date Date

Total collected charge (nC/10"ppp)
N
o

Total collected charge (nC/10"%ppp)
S

o
o

Beam generation is stable in whole period
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Systematic error of profile
center of MUMON

Error source Profile center Beam direction
Az (cm) Ay (cm) A6, (mrad) A6, (mrad)

Alignment 0.63 0.65 0.054 0.055

Sensor gain uncertainty 0.08 0.30 0.007 0.026
(Profile asymmetry 1.25 1.12 0.106 0.095)

Beam dump non-uniformity  0.38 0.38 0.032 0.032

Tilted beamline effect - 0.22 — 0.019
(Chamber/silicon discrepancy 0.55 1.77 0.047 0.150)

Total 1.56 2.26 0.132 0.192

* Profile asymmetry: due to asymmetric or non-Gaussian
beam profile.

e Chamber/silicon discrepancy: due to difference of nearby
structure silicon moving stage(7.5mm thick aluminum plate)

20115E7H1HEER



good spill selection

1. physics run (run_type is “physics run” and all Horn ON)

e exclude spills for beam tuning, beam study
2. TriggerFlag is “Beam Trigger” (it means that beam during MR operation)
3. Good GPS status

4. CTOS5 # of protons per spill > 1e11 in order to exclude spills which no beam in
MR (due to machine interlock etc..)

5. normal condition cut
® exclude unusable spills (e.g. PV2 unstable etc..)
6. Horn cut
e nominal +5kA for all the three Horns
7. Mumon cut
® beam angle within Tmrad (abs(Si fit x) < 10cm and abs(Si fit y) <10cm)
e Sitotal Q/CTO5 cut: nominal + 5%

20115E7H1HEER
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Data taking efficiency

Select good quality data for analysis.

* DAQ alive & good event sync b/w J-PARC and SK.
* Stable beam operation & monitoring.

# of protons Runl Run2 Total

Total delivered 3.35%10" 12x10%0 46x%10%
Physics Run 3.28x10" 12x10%0 45%10%0
Good spill 3.26x10'? 2% 1020 45x% 1020
SK Good spill 3.23x10'? | 1.11x102° | 1.43x102%°

98% data used for oscillation analysis in Run|&2.
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INGRID Performance

Detector Total ch. Bad ch.

INGRID 10796 0.17%

Hit effieiency
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50

0

Run 31 Run 32 Run 33 Run 34
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INGRID Performance

Reference gains

MPPC gain[ADC counts]

Gain history | | | |
' : E = vV v TV

14

12
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8

6

_:MRRUN36E,FRUN37, ................ RUN

2511 09/12 23M12 06/01 20/01 03/02 17/02 02/03

time

Difference from reference gain

AT 54 VRIS IGREIC K BHEENT 3
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20
15
10/

H i E i i ; i i
203547 0942 23/12 _06/01  20/01  03/02 17/02 _ 02/03
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INGRID measurement

Some distribution after selection (normalized by p.o.t.)

== DATA
Recon. angle =
80000 ; E——— B e
----------------------------------------- MBG
40 60 80
track angle[deg.]
Recon. vertex
== DATA Vertex 2 | \ 7 —
30000 reex-X :ﬁz soooo[ VEITEX=Z4
25000 -l BG 70000 5 : :
60000 ........................................
20000/ | 50000 -
15000 [ 40000 - P
10000 [ 30000
20000 -
5000 [
10000} - —
% 5 10 15 20 8 1'0
\ Vertex X[channel#] Vertex Zplane#] /
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ND280 ND280

Count # of neutrino before oscillation with trackers

UA1 Magnet Yoke Pizer’O DetECtOI" (POD)
| - Detect 10 from vp w/ water.
- Scintillator planes interleaved

UAI magnet
- 0.2T (nominal)

ECALs

- Capture Y/e/y from
POD or tracker
SHCRU - Scintillating layers &

" Pb absorber

Side Muon Range
Detector (SMRD)

- Scintillator planes in magnet
- Detect muon from inner/
outer

— Tracker ' N
Fine Grained Detectors (FGD) Time projection

- Neutrino target (FV:1.6ton) chambers (TPC)

- Fine grain scintillator bars - <10% dE/dx resolution

\( lcmX 1 ecmx [86cm)
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Event display of ND280

DATA.
CC DIS POD TPCH| FFPS2A IPC3
candidate Sand muon :
(vin - p+ e
multi meson) . V baiil K g

\.\

FGDI  EGD2  ECA

Cosmic
event
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ND280 performance

Detector

Total ch.

Bad ch.

FGD
TPC

POD
ECAL
SMRD

8448
124416
10400
25736
4016

0.24%
0.01%
0.07%
0.17%
0.17%

o
Q .
+=0.996 . g 2o . ° .
I . . .
0.994[ * 5 e ) i
Vertical bars
0.992

FGD : Hit efficiency
099 ° > 99%

1 4 | N 3 a9l .y | 4 4
0 5 15 20 25

-

35

. 10 30 40
TPC : Recon. dE/dx Laver ID
~. 5p
T . —— muons
LL] - I\ 2
[ negative — .00 400~500MeV/c  [zma sy
> — pions 100 e Constant 191.9: 6.9
g 4 —— protons 5 220 Mean 1.333 = 0.003
S S 200 Sigma  0.1041= 0.0023
g =1 180 2
3 3= S 160
n = o
> 25 |60 S0 8 ~ 8%
(o)) - — h 120
5 2 — Q F
- _
Qo “ 40 Emoz
w 1.5 o 80
60}
20 40
20—
ol L L L .,L...l._._.|_L
' — P a— : : : 06 0.8 1 1.2 14
200 400 600 800 1000 1200 1400 1600 1800 2000 Energy Loss (keV/cm)
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ND280 measurement

Select neutrino event at each detector (Reject accidental
hit, timing cut) = Show examples of FGD (by leki-san).

Timing distribution

s Integrated events vs integrated protons
<1000 € :
z > 25000

] @
El 800 g :
5 & 20000
o 33150()(1E
ETT
400 I
Expected '0%
- timing ~ 5000|
%000 3500 4000 4500 5000 5500 6000 6500 % 100 200 300 400 500 600 700 800 900

Daily event rate

Signal timing [ns] Integrated POT / 10'° POT

[ Event rate (Low level cut) |

o 4b ﬁ'a aE
8-3s I | o 3.5F
e e '“':=_= 3%%:-‘#??“@%&“*“ =
wm2sk ~agE
< ’ Jr %255 Average rate: 3.00 events / 10=POT
& 2 | £ % Chi2/ndf: 137.5/80 = 1.72
1.5 1.5
Average rate = 3.06 events / 10" POT = RUN36 RUN37 RUN38
b Chi-square/ndf = 28.36/20 1‘? ' P > >
°s-Mar Apr May || °%F
. . - = - D-HIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII




Systematic error of INGRID, ND280

. INGRID .
[tem Error|%)]
Iron mass 0.1
Accidental MPPC noise 0.7
Beam related background 0.2
Fiducial selection 1.1
Hit efficiency 1.8
( Tracking efficiency 1.4 )
Track matching selection 2.7
Not beam-related background <0.1
p.e./active layer selection <0.1
Beam timing selection <0.1
Total 3.7

_ND280 .
Source Section | err. sys. + | err sys -
TPCI1 veto 9.1 0.012 0.012
( TPCeff 9.2 / 0.020 )
TPC ch misid 9.3 0.01 0.01
(TPC-FGD match 9.4 0.021 0.021 )
FV 9.5 / /
FGD mass 9.5 0.005 0.005
Ty 9.6 0.001 /
highest mom tk 9.7 / /
(PID pull width 9.8.3 0.030 ) /
Low gain MM 9.8.2 0.004 0.004
pile-up 9.9 0.009 0.009
cosmics 10.1 / 0.004
Out of FGD 10.3 0.009 0.009
Total 0.042 0.036
e Nucleon Ejection: —2.7% Physics syst.
e FSI tuning: +0.7% =3.7%
e Kinematical variation M 4 + My : £2.4%

\_

J
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MUMON vs INGRID

MUMON : spill-by-spill fluctu

horizontal \l |Vert|ca| ‘ INGRID : stat. error ony

muon monitor
INGRID

—e— MMuon monitor y
—=— INGRID ¥

muon monitor
INGRID

o
I
II||
o
~
I||

Beam direction 0, (mrad)
o
b
J |
Beam direction 6, (mrad)
o
=S

||
[
+
|
I
+

1
7 M 3 1 v Ta 7 M 7 1y Y T
Ty 5" fﬂ% 2 H“""ﬂ.wam%y 5 0 2 b 5 My ”“""ﬂ.wam*”ay 20t 2

» averaged beam center position (L=280m)
horizontal : +0.2=%1.4(stat.)*=9.2(syst.) cm

vertical : -6.6x1.5(stat.)®=10.4(syst.) cm
corresponds to 0.37mad uncertainty

» beam direction is controlled within << 1mrad
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