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Systematics
Stronger focusing horns
Gd Doping
Water based ND
(Friday - K. Yamamoto, M. Scott)

Statistics

1 Megaton (0.5 FV)
>1 MW Beam power
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- Sensitivity to CP violation

- Sensitivity to exclude maximal mixing
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Based on (2013) T2K model and ND constraints

PTEP 2015, 053C02

Flux & ND-constrained ND-independent Far detector Total

cross section cross section
Appearance 3.3
v mode _
Disappearance 3.3
_ Appearance 6.2
v mode ,
Disappearance 4.5

e Correlated ND-SK flux and x-sec - O correlation between
running modes

* Reo

* Reo

uction in ND-independent x-sec errors - water ND

uced HK detector errors - stronger constraint from

con

trol samples



Hic

o=\y2

10¢

sin2(023) = 0.5 sin2(2013) = 0.1 + 0.005

| |

& T2HK LOI Normal mass hierarchy = known

3 10yr POT

0

it N 1B viantiy X
150 <100 50 0 50 100 150
58% of docp space at 50 and 76% at 30

Updated sensitivity study coming soon!
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Flux Interaction

Hyper-K Flux for Neutrino Mode
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Flux Interaction

10*

o NCRES®® |

_ Hyper-K Flux for Neutrino Mode 10°} — Yot S

4 ' 4 Y Y Y Y — COQE NC Other i

2\ —-CCRES®, ¥ [)SKv, (NoOsc){ 107 -

3 Pl :

" § N %

g Z f -

= 'y f/ E
%
- |
=

e Motivate requirements from ND constraint
¢ |dentifty dominant systematics
e No ND constraint applied
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HK Detector <1% effect
Flux Errors next biggest
Interaction uncertainties dominate!
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Neut model v5.3.2 - Tuned - Nieves 2p-2h
Shape
CCQE- Relativistic Fermi Gas + Random Phase approximation
Fermi Momentum (5%)
Binding Energy (33%)
MaQE (6%)
Constrained from external data MiniBooNE + Minerva
Pion - CC and NC - Rein-Sehgal production model
Nucleon - A axial current form factor (12%)
Isospin 1/2 continuum background (15%)
MaRes (16%)
DIS + multi Pion (0.4/E,)
Normalisation uncertainties
2p-2h (100%), 2p-2h anti-v (100%), CC Coherent (100%), NC
Coherent (30%), NC (m,con) (30%), CC ve (2%), CC anti ve (2%)




Hic

L [

E 16 E— s 2p-2h + 2p-2h(¥) (70% 50, 82% 30) —
0 — s All x-sec (61% 50, 78% 30) _:
> 14— — G, + O, 2% (67% 50, 81% 30) -
I PIS E
E  10p E
g F =
s 8 =
o 6E E
s = -
o 4= E

2F- =

°F -

Systematics (74% 50, 85% 30)——,

Big contribution from ve - anti ve

OVe NOt currently co

nstrained by 12K N

2p-2nh param

eters next largest




Kinematics Second Class Currents  Radiative corrections

« — —
5 Tl ] E 008}
-+ v Q? Minimum 'E 0.1F —_vSCC - © o1
% o = v v ] E
Z — v Q* Maximum X 0.0s — v SCC - o 12
< w ' - Z .014
; Iz o = 2
1025 - . i E -0.16
= -0.05 ‘_;"J/ - O 0.8
: -
£ 02
\ . 0.1 ] g b
103 E - -0.22f
C o B a3 o F .

05 1 15 2 25 3 -0.15%==33 1 15 2 25 3 02 04 06 08 1 12 14 16 18
Energy(GeV) Energy(GeV) Energy(GeV)

Day & McFarland (Phys.Rev. D86 (2012) 053003)

Kinematic allowed region

Second class currents (anti-correlated)

Radiative corrections need to be calculated!
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_+ 0, 1% anti (70% 50, 83% 3q)
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Number of events/50 MeV

2 Systematic effects identified and studied

Appearance v mode Appearance V mode
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: » — Signal V, 2V, | 9 2501 —— Signal V, &V,
250} —Beam V,+V, | @ - L, L, — Beam v, +7,
200+ —— Beam: V, +V, & 2005_ —— Beam: V,+V,
5 ® 150 B
150: S E
100::: | E 1005_ —’_—,_r— —I—\_\_‘—\_“
50 | 5 sof
0 : " m N < 0: e 1 r———t
0.2 04 06 08 1 1.2 0 0.2 0.4 06 08 1 1.2
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signal BG
total
vy = Ve Uy—Te|v,CC 7, CC v, CC 7, CC NC
v mode 3016 28 11 0 203 20 172 | 3750
v mode 396 2110 4 ) 222 396 265 | 3397
Fraction of wrong sign flux in anti-ve

INtrinsic ve IN both ve and anti-ve
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Target hall Decay volume

To detector

Baffle Target Horns Beam dump

eProton beam uncertainties
e [arget and hadron production uncertainties

orn field uncertainties

e Alignment uncertainties

Data from NAG61/SHINE
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v = mode anti v - mode
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Measurement depends on shape at dip!
CCnQE (with 2p2h)

eSignificant at osc dip
e > CCQE in anti-v



CPV

® Ve + antl ve errors dominate
e 2p-2h and anti - 2p-2h errors next largest
e Both explicitly have v + anti v differences

Non-Maximal ©23

eNoO dominant source of error
olux and Detector still under study
e[-rom Xx-sec, 2p-2h and Pion have biggest effect
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vV - mode
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Parameter Validity Range Nominal Error | Class
MgE all 1.15 GeV/e2  0.06 | shape

pr 12C 200 - 275 MeV/c | 223 MeV/c  0.06 | shape
MEC 12C all 0.27 0.29 | norm
Egp 2C 12 - 42 MeV 25 MeV 0.36 | shape

pr 160 200 - 275 MeV/c | 225 MeV/c  0.05 | shape
MEC %0 all 0.27 1.04 | norm
Eg %0 12 - 42 MeV 27 MeV 0.33 | shape
CA51ES all 1.01 0.12 | shape
MEES all 0.95 GeV/e?  0.16 | shape
Isospin—3 Background all 1.3 0.15 | shape
Ve[V, all 1.0 0.02 | norm

CC Other Shape all 0.0 0.40 | shape
CC Coh '2C all 1.0 1.00 | norm
CC Coh 180 all 1.0 1.00 | norm
NC Coh all 1.0 0.30 | norm

NC Other all 1.0 0.30 | norm




Near Detector Fit

* Predicted flux at Super-K is
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Near Detector Constraint at

%22 ' BN BLELELE BLEL N BB
Sup er- I( 2 128:PRELIMINARY I,,mﬁt
% 1:6;_ SE0%
e
The near detector significantly g . é_
: > 0.8
reduces the systematic a 06
uncertainty in the predicted event 020 |
Ereco (GeV)
Systematic Without ND | With ND
Flux and Common to ND280/SK 9.2% 3.4%
Cro:c,s- Super-K Multi-nucleon effect on oxygen 9.5%
section onl
y All Super-K Only 10.0%
All 13.0% 10.1%
Final State Interaction/Secondary Interaction at Super-K 2.1% K D U : y
Super-K Detector 3.8% N
uFact 2015
Total 14.4% 11.6%




v, disappearance: Kbu

ty NuFact 2015

Comparison to T2Kv,, + v, fit

= - I—Vﬁt:90% """ V fit: 68%
‘% 0.0034 PRELIMINARY | + fit:bestfit — v fit: 90%
g 0.0032 o v fit: 68% e v fit: best fit
< 0.003F =
00028 -
0.0026] -
00024 -
00022 -
00020, e el et -
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sin%0

Results are
consistent
between neutrinos
and antineutrinos

Antineutrino
analysis has much
larger contours




v, disappearance: K Duffy NuFact 2015

Effect of systematics
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I 2 K 'V Xsec T2K Collaboration, Phys.Rev.Lett. 113 (2014) 24, 241803
R L o o e e B
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Z »F " Full phase-space
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Important for oscillation : v,—V, appearance 3  GENIR .

o ]

m v_on C: flux ~1 % — stringent selection 2 —+ T2K data J
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Reconstructed p, (GeV/c) p (GeVic)

¢

« 1°—y background 70 % from out-of-fiducial-volume constrained from data (2.1 % systematics)
 large model-dependence where very small efficiency (otherwise stat. limited)

" Ve on water With T2K POD ﬁ"ed With T2K Collaboration, Phys.Rev. D91 (2015) 11, 112010
water or emptied (air) o 1 i — i

 requires forward electrons (6<45°) +

shower/track variable to remove u and =°

MC Signal MC Background MC Total Data
Water 196.1+£4.8  56.7+27  2528+5.5 230
On-Water 60.2 + 2.6 1454 1.3 47429
Not-Water 135.9+4.0  422+23  178.2+4.6
Air 173.6 £4.6  974+£3.6  271.0+£58 257

: == e P 1t
s Tipd P - te

« subtraction of air data from water data
— large statistical uncertainties (syst dominated by detector)

R, ...=water—air) ./ MC

Sara Bolognesi - NuFact15



No Systematics (74% 50, 85% 30) —

E 16E ] s FS| + Pn (68% 50, 81% 30) I —
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True o,

Detector errors have little effect even at SK level
(~100% correlated between v and anti - v modes)
FSI + Photo-nuclear currently uncorrelated



The problem of energy reconstruction was covered in the neutrino-nucleus theory
overview by M. Martini on Monday (12:30)

Non-QE interactions have a reconstructed energy that can deviate significantly
from the true energy

Constraining this effect with near detector data is challenging since the near
detector flux is broad and different from the far detector flux

Multinucleon Feed-down, ND280 Flux

«1 03 Multinucleon Feed-down on Oscillated Flux %10°

w 140: ' = g 1000 e

E 120 HK Oscnlated Flux - ER: ND Fqu :
" oo Ev—Erec Smearing - "OF Ev— Erec Smearing

sof (Ev=0.8 GeV) - 600 (Ev=0.8 GeV)-

: ‘ a00}- -

2001 -

% 05 1 15 2

E, (GeV) E, (GeV)

M Hartz NuFact?2015



+ The uncertainty on the energy smearing due to nuclear effects has a large impact on
the vy disappearance measurement since smeared events fill in the “dip” region

HK aims for 1-3% precision on sin?023 (depends on the true value)
- 12K studied the impact of np-nh modeling uncertainty
Generate toy data with an ad-hoc np-nh model
Fit the toy data with the NEUT model (includes pion-less delta decay)

Evaluate the bias on the fitted oscillation parameters

800f

The average bias in the fitted
sin“B23 was 3%

Fake Experiments
B
o
(=}

SN0,y - SIN0

M Hartz NuFact2015

Nominal



