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2. NCy

3. T2K ND280
4. Result

5. Conclusion

1. Introduction — MiniBooNE oscillation result
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MiniBooNE, PRD79(2009)072002,NIM.A599(2009)28 1. Interaction

2. NCy
. . . 3. T2K ND280
1. MiniBooNE experiment 4. Result
5. Conclusion
MiniBooNE is a short-baseline neutrino oscillation experiment at Fermilab.
oscillation —
vV, >V, +n—=¢e +p
— oscillation — +
vV, >V, +p—>¢ +n

Booster Neutrino Beamline (BNB) creates ~800(600)MeV neutrino(anti-neutrino) by pion
decay-in-flight. Cherenkov radiation from the charged leptons are observed by MiniBooNE
Cherenkov detector to reconstruct neutrino energy.

FNAL Booster MiniBooNE detector

Magnetic focusing horn
BTN

primary beam secondary beam tertiary beam

» »

\ 4

» »

(8 GeV protons) (1-2 GeV pions) (800 MeV v,,, 600 MeV anti-v,)

1280 of 8" PMT
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MiniBooNE, PRL110(2013)161801

1. MiniBooNE oscillation result

1. Interaction
2. NCy

3. T2K ND280
4. Result

5. Conclusion

MiniBooNE observed excesses at low energy in both v and v mode analysis.
- Compatibility with LSND signal under 2v (2v) osc. hypothesis is ~6% (~5%)
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IceCube,PRL117(2016)071801,MINOS&DayaBay,PRL117(2016)151801

Collin et al,PRL117(2016)221801

1. MiniBooNE oscillation result

1. Interaction

2. NCy

3. T2K ND280
4. Result

5. Conclusion

MiniBooNE observed excesses at low energy in both v and v mode analysis.
- Compatibility with LSND signal under 2v (2v) osc. hypothesis is ~6% (~5%)

Results from IceCube, Daya Bay, and MINOS excluded majority of phase space.
- Can excess to be an unknown background?
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MiniBooNE, PRL110(2013)161801

1. MiniBooNE oscillation result

The detector cannot distinguish e (signal) and y (background).

1. Interaction

2. NCy

3. T2K ND280
4. Result

5. Conclusion

- e: intrinsic background (beam v, contamination), flat with energy

- v: misID background (mainly from n°), accumulate at low E

- All backgrounds are measured in other sample and their errors are constrained.

25 :{_
i + Neutrino
2.0+
- . Da:a (staL err.)
> [ v fromp
e 5 + 1 v, from K**
% ' 1 v, from K°
g I I ~° misid
@ 10 1 L4 ~Ny
' N dirt
[ other
05 —— Constr. Syst. Error

092
4
%Q Queen idry

University of London

04 0.6 0.8 1.0 1.2 14 15
EYF (GeV)
Teppei Katori, Queen Mary University of
London

soIlIIIIlllIllllllllllIlIll

2017/06/01 8



MiniBooNE, PRL110(2013)161801

1. MiniBOONE ge<illeticn caclt

The detector car
- €: intrinsic bac
- v: misID backg|
- All backgrounc

Fraction of Vu Flux /0.1 GeV

1. Interaction
2. NCy
3. T2K ND280

B v, Flux

4. Result
5. Conclusion

d).

1 energy

E

errors are constrained.

v, from p decay is

constrained from
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MiniBooNE, PRL110(2013)161801 1. Interaction

2.NCy
1. MiniBooNE oscillation result s Rost
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MiniBooNE, PRL110(2013)161801

1. MiniBooNE

The detector ca
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1. Interaction
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MiniBooNE, PRL110(2013)161801

1. MiniBooNE oscillation result

The detector cannot distingui
- e: intrinsic background (b
- v: misID background (mai
- All backgrounds are meas

Asymmetric n° decay is
constrained from
measured CCre rate
(n°—)

?
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(A—>Ny) rate is o
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['y/T'wn: NCy to NCr branching ratio
2/3: me fraction
. m escaping factor

1. Interaction

2. NCy

3. T2K ND280
4. Result

5. Conclusion

r errors are constrained.
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v, from u decay is
constrained from
v,CCQE measurement

v, from K decay is
constrained from
high energy v, event
measurement in
SciBooNE

NCy is estimated roughly ~20% of NC=° background
in v¢ candidate sample. To explain all excess by
NCy, NCy cross section needs to be x2 to x3 higher.




1. Interaction
2. NCy

3. T2K ND280
4. Result

5. Conclusion

2. Neutral-Current single gamma production (NCy)
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1. Interaction

Zhang and Serot,PRC86(2012)015501, Hil,PRD81(2010)013008 S e
. Y

Wang et al,PRC89(2014)015503 3. T2K ND280
2. NCy process with nuclear physics e

e.g.) Valencia NCy model

- A and 3 higher resonances

- Nuclear media effects included

- both incoherent and coherent contribution

Compton scattering

L Z

N A N N

A contribution

N N
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Zhang and Serot,PRC86(2012)015501, Hil,PRD81(2010)013008 L Z Y
Wang et al,PRC89(2014)015503
N N " N
N N N N

2- NC’Y process Wlth nUCIear phySICS Compton scattering

Y
dominant — | A %N A Ai /JV A NN\
Y

A contribution

e.g.) Valencia NCy model

- A and 3 higher resonances % i
- Nuclear media effects included D13,P11,S11 |4 N v /A N* w\
- both incoherent and coherent contribution Higher resonance
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Zhang and Serot,PRC86(2012)0155(
Wang et al,PRC89(2014)015503

2. NCy process w

e.g.) Valencia NCy
- A and 3 higher res
- Nuclear media eff

- both incoherent a
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Zhang and Serot,PRC86(2012)015501, Hill,PRD81(2010)013008
Wang et al,PRC89(2014)015503,PLB740(2015)16

2. NCy process with nuclear physics

dominant — [ A

e.g.) Valencia NCy model

- A and 3 higher resonances

- Nuclear media effects included

- both incoherent and coherent contribution

It looks modern calculations agree with NCy
model used by MiniBooNE
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1. Interaction

Lasorak, arXiv:1602.00084
Wang et al.,PRD92(2015)053005 2. NCy
3. T2K ND280

2. NCy models in generators and theories dResut

With 600 MeV neutrino beam, total NCy cross section on carbon is ~10-4'cm?
- All models and theories more or less agree
- In T2K oscillation analysis, NEUT NCy process is doubled with 100% error

Total muon neutrino NCy cross section on 2C

Impact on T2K oscillation O 0016 _:L_ Wang and Alvarez-Ruso
. < Hill
anaIySIS looks small. E Zhang and Serot
o6 0.014| —— NEUTVv5.3.3
80 —— GENIE R-2.8.0
10% changes of sin?2643 0012 —— AN —

(T2K) corresponds to o(NCy)
needs to increase factor 10.
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Harvey,Hill,Hill, PRL99(2007)261601 1. Interaction

2. NCy

] 3. T2K ND280
2. Exotic NCY Processes anomaly mediated triangle diagram !

V\/ vV

NCy with new type of interaction within the Standard Model \
- anomaly mediated neutrino-photon interaction ‘ Y
™
PHYSICAL RE N N

PRL 99, 261601 (2007)

FIG. 1. Triangle diagram at chiral constituent quark level
treating 7y, Z, and @ as background gauge fields. This is con-
tained in the Wess-Zumino-Witten term, which is an effective
action expressing the full anomaly physics of pseudoscalars,
axial- and vector mesons and fundamental gauge fields.
Integrating out Z and « leads to a neutrino-photon interaction
at finite baryon density.
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Harvey,Hill,Hill, PRL99(2007)261601,Gninenko, PRL103(2009)241802 1. Interaction

2. NGy
] 3. T2K/ ND280
2. Exotic NC’Y Processes anomaly mediated triangle diagram !
NCy with new type of interaction within the Standard Model A
- anomaly mediated neutrino-photon interaction Y
™
NCy with beyond the Standard Model interaction N N
- Heavy neutrino decay
heavy neutrino decay
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Harvey,Hill,Hill, PRL99(2007)261601,Gninenko, PRL103(2009)241802
ALPS collaboration, PLB689(2010)149

2. Exotic NCy processes

1. Interaction
2. NCy

3. T2K ND280
anomaly mediated triangle diagram "

__iclusion

V\/ vV
NCy with new type of interaction within the Standard Model
- anomaly mediated neutrino-photon interaction

Y
™
NCy with beyond the Standard Model interaction N /K} N
- Heavy neutrino decay
- Dark photon oscillation

heavy neutrino decay
v
Vh L.t . 4
A% .
u\)(‘ a y
GammeV VA )
LIPSS '
N—" >N
10~ ALPS ——
il T 5w é dark photon oscillation
107 1073 T2K
TC ’
m'y' [eV] E)[é___y__>/\/\) 'Y
Neutral Current is a home of many new physics! T
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NOMAD, PLB706(2012)268
2. NOMAD NCy analysis

Only one modern NCy search (motivated by heavy nu model)

Simple, but robust analysis.

- single e*-e- pair 4m
- fiducial cut < >
_ W<100 MeV / — O
NI TR AN
|
| l |
1
3m | - L™= | -
e d - ] "‘hﬂ —
13 1
.
2.7 ton fiducial mass

a
‘&Qﬁ’ Queen Mary Teppei Katori, thigol\gary University of 2017/06/01

University of London

1. Interaction
2. NCy

3. T2K ND280
4. Result

5. Conclusion
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NOMAD, PLB706(2012)268

2. NOMAD NCy analysis

1. Interaction

2. NCy

3. T2K ND280
4. Result

5. Conclusion

Only one modern NCy search (motivated by heavy nu model)

Simple, but robust analysis
- single e*-e- pair

- fiducial cut

- W<100 MeV

3 major backgrounds

- NC coherent n° production

- outside of fiducial volume background
- NC-DIS =° production

all of them are tuned from background data sample :

15

No excess, NOMAD set a limit on cross
section ratio of NCy to CC inclusive
- o(NCy/CC) < 4x104with <E>~23 GeV

WO Queen Mary

o Lond
University of London ondon
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1. Interaction

NOMAD, PLB706(2012)268
2. NCy
3. T2K ND280

4. Result

2. NOMAD NCy analysis e o

Result
- no excess, set limit, s(NCy/CC) < 4x10-4 with <E>~23 GeV

There are 2 types of backgrounds, internal and external backgrounds

internal background
- dominated by NCn° production (coherent DIS, etc) with single vy final state

- NCro production rate is constraint from the own data

external background
- v coming from outside of the fiducial volume (mostly from 7° )

- External background is tuned from the own data

a
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1. Interaction
2. NCy

3. T2K ND280
4. Result

5. Conclusion

1. Introduction — MiniBooNE oscillation result

2. Neutral-Current single gamma production (NCy)
3. T2K off-axis near detector analysis

4. Results and discussions

5. Conclusions
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1. Interaction

T2K, PRD87(2013)012001
NAG61/SHINE, EPJC76(2016)617 2. NCy
3. T2K ND280

3. J-PARC neutrino beam g Resull

First off-axis neutrino beam oscillation experiment
- Extracted from 30 GeV main ring synchrotron

- Hadron production data from NA61/SHINE

- GEANT4 based beamline simulation

- error 5-8% (most precise neutrino beam to date)
—> continuously improving with thick target data

2 — T2K/Hyper-K
< —— MicroBooNE/SBND
—— MINERVA (ME)
NOvVA
— DUNE

0 1 2 3 4 5 6 7 e
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1. Interaction

T2K, NIMA659(2011)106
2. NCy
3. T2K ND280

3. T2K off-axis near detector (ND280) 4 Resut

This analysis use FGD1 as a vertex detector, and TPC2 for main tracking&PID
- target material is carbon in FGD1
- e*-e" pair is reconstructed in TPC2

- UA1 magnet (0.2 T) _— ey FDS
Magnet
yoke
Magnet
coils
—-——'"*
v beam
. TPC2
Pi-zero
. Detector FGD1
\(\‘,Q‘ﬁl Queen Mary Teppei Katori, thﬁgoMnary University of 2017/06/01 28

University of London



T2K, PRD87(2013)092003,NIMA696(2012)1 1. Interaction
2. NCy
3. T2K ND280

3. FGD (fine-grained detector) 4 Rosul

5. Conclusion

Plastic scintillator x-y tracker (cf, SciBooNE, MINERVA, etc)
- 185cm x 185cm x 33cm

- 1cm? cross section

- extruded polystyrene, 1%PPO, 0.3%POPOP

- co-extruded with T,0, reflector

- Blue-Green WLS fiber + SiPM read out

- ~15p.e. for MIP

83 Time: S

Scintillator
S
\
Scintillator

FGD2

FGDI -

|
Bk B i :en Mary University of
London

2017/06/01 29

Unive v,CC candidate event



T2K, PRD87(2013)092003,NIMA637(2011)25 1. Interaction

PDG2016 § $2C¥ ND280
3 . TPC 4: Result

5. Conclusion

Argon gas time projection chamber

- 180cm x 223cm x 85cm

- Ar:CF4:iC4H10=95:3:2

- drift voltage ~275V/cm

- Bulk MicroMEGAS reading (1cm pad pitch)
- mesh voltage ~350V—>27kV/cm (g~1500)

stiffener

Mesh HV
connection

Quter wall

Inner wall and
field cage

HV1

L Micromegas 50-70 kV/cm
detector

v beam
e

direction
/ ~

. Frontend Ampl'rﬁcation
cmds Anode plane gap

Central cathode

Central
cathode HV
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3. Analysis strategy

Highest purity gamma ray sample
- Follow NOMAD strategy
- e*-e" selection with low W

High quality e-like tracks

veCC sample background

1. Interaction
2. NCy

3. T2K ND280
4. Result

5. Conclusion

“y sample”

control sample

e*-e- pair with low W

1

NCy search

ve.CC measurement

- beam v, fraction (PRD(2014)092003)
- First v,CC diff. xsec. (PRL113(2014)241803)

- new analysis (ongoing)
- new oscillation constraint (under development)

a
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1. Interaction
2. NCy
3. T2K ND280

3. Analysis strategy 4 Resul

5. Conclusion

Track selection
- Starting track from FGD1

First track - Highest momentum track
Second track - Next highest momentum track with opposite charge from the first track

First track distribution

Integral  36502.6 | Integral 41687
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3. Analysis strategy

nEvents

Track selection
- Starting track from FGD1

TPC PID

- More than 18 clusters in TPC2

- dE/dx to reject muons

-> large contamination due to short tracks

First track e- PID
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3. Analysis strategy

Gamma selection
- e+-e- tracks < 10cm
- Winv < 50 MeV

- ~94.3% pure single gamma sample

Extremely simple cuts
can select extremely high
pure gamma sample

‘e-Q_a’ Queen Mary

University of London

nEvents /5 MeV
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nEvents / 150 MeV

1. Interaction
2. NCy
3. T2K ND280

3. Analysis strategy 4 Resul

5. Conclusion

Gamma selection

- e+-e- tracks < 10cm Large signal-to-noise tells we are unlikely to

- Winv < 50 MeV find NCy by this approach

- ~94.3% pure single gamma sample — Constraining background systematics to set
- expected NCy signal fraction ~0.2% | the best limit on NCy signal

2 main backgrounds
- events coming from outside of FGD1 fiducial volume, external background
- events from =° production in the FGD1 FV, internal background

Selection Integral 53.00 Signal x 330 | Integral 94 50

Bl Out FGD1 FV
I v.CC O

I v,CC t°
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Il NC t°
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1. Interaction
2. NCy
3. T2K ND280

3. External background 4 Resul

5. Conclusion

Active vetoes from all surrounding detectors
- POD . ‘ [Tntegral_177.109 |

70 T TIT § R0 RS S N 0 N O N O O O N A A A | LI | - Out FGD FV
I v, CC On

- TPC1 o B V,CC

- Barrel ECal

nEvents

TTTT

. v,CC in*
I v, CC Multin
I NC 1n°
I NC 1nt
I NC Multin

NC single y
UA1 Magnet Yoke Other

11 IIlIlIIII 11

4 45
ECal objects

[ntegral 285394 | Solenoid Coil

I Out FGD FV

nEvents

. V,CC On
. v,CC 1n°
I v,CC tn*
I v, CC Multin
I NC 1n0
I NC 1t
I NC Multin
NC single y
Other

Barrel ECAL
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1. Interaction

2. NCy
3. T2K ND280
3. External background 4. Result _
5. Conclusion
Active vetoes from all surrounding detectors
- POD
- TPCA1
- Barrel ECal Sl Al R Rt M ettt M Sl aadd R Mt Mt et el Al
%m: -.|__..-..4,--.__|¢»-.T|- %m: -l--— ---I._-'._.!--Jr- 18
- | ' 1 -
3 sonf | N 14
Vetos work well, however, there § 2o gl o 08 § 200F—frdunly 12
are still many external photons, goof 1178 11 3 oo SR 1
both from near (inside of veto ; : R T 08
detectors) and from far 000 IE5 s U TFia 05
- need precise characterization 2000 Rl i = I
. . 3000 I! 3000 04
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T2K, NIMA686(2012)48,JINST8(2013)P10019 1. Ingaraction
2. NCy
3. T2K ND280

3. External background 4 Resut
Known mass variation
- From production of sub-detectors
- Tend to have larger errors for heavier elements (radiators)

e.g.) POD module structure

- large errors on brass sheet thickness

- large errors on interaction cross section
Upstream Water Target Central ECal

Brass Sheet(Radiator)

i

Upstream ECal Central WaterTarget ? XY Scintillator Plane

s
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T2K, NIMA686(2012)48,JINST8(2013)P10019
3. External background

Cross section errors

- heavy elements have large cross section errors
- carbon = non fiducial part of of scintillators
- aluminum = support structures of subdetectors
- lead = radiator of ECal
- iron = SMRD, etc

Neutrino beam oo

—->

s

v-Al

neutrino detector

‘aQ_s’ Queen Mary

University of London

London

1. Interaction
2. NCy

3. T2K ND280
4. Result

5. Conclusion

Target Percentage
carbon 53.17
oxygen 2.22
hydrogen 4.28
other 1.23
Total Inside FGD1 FV 60.90
carbon 16.27
oxygen 1.93
hydrogen 1.16
aluminium 8.64
iron 4.63
copper 0.09
lead 5.08
other 1.28
Total Outside FGD1 FV ~ 39.09

Modern neutrino experiments
need characterizations of all
elements with all energy

Teppei Katori, Queen Mary University of

2017/06/01

39



3. External background

True Vertex y Position [mm]

Unknown mass variation

- CC inclusive events are selected from edge of FGD1
- data/MC rate comparisons with different regions to

assign Mmass errors

- large discrepancy coming from muons from bottom
(veto is inefficient?), the main result exclude photons

from this region
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1. Interaction

2. NCy

3. T2K ND280
4. Result

5. Conclusion

Region Mass uncertainty
+z 6.6506 %
—x 6.0402 %
+y 5.5572 %
—y 38.2304 %
—2z 6.5380 %
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1. Interaction

Z: atomic number 2.NCy
7 3. T2K ND280

3. External background 1//\=§4Z(Z+1)11Vr§a (n(18327%) - f(2)) 4 reu

5. Conclusion

Photon propagation error density
- Need to translate mass variations - photon propagations
- From MC, we measure effective Mean Free Path (eMFP) for 12 external regions

- Apply density and Z variation on eMFP
N eMFP for photons from left side of FGD1

e AL S S S S S

Prellmmary—

ECAL TPCs \ ]
Magnet
yoke —
Magnet L
coils N
T T T |%oa%u;§£[w2nt}m
ECal OOFV FGD OOFV FGD FV
(mainly Pb, Al) (mainly Al, C) (mainly C)
Vv beam \ /

Pi-zero TPC2 Y j P
Detector FGD1 - "‘
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PDF

3. External background 1A= G4Z(Z + 1)1?%3&.

Photon propagation error

7

1. Interaction

Z: atomic number

2. NCy

density

- Need to translate mass variations = photon propagations
- From MC, we measure effective Mean Free Path (eMFP) for 12 external regions

- Apply density and Z variation on eMFP

This method, unfortunately, makes large asymmetric errors
- small density and atomic number errors in the propagation media results in large error
in photon distribution at FGD1 (=tails of exponential)

3. T2K ND280

(ln(183Z—%) _ f(Z)) 4. Result

5. Conclusion

It makes +23%/-16% error on prediction of external photon contributions

(this error limits NCy sensitivity)
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1. Interaction

2. NCy

3. T2K ND280
4. Result

5. Conclusion

NUISANCE, https://nuisance.hepforge.org/
3. Internal background

NC17° production error

- Use NUISANCE framework

- From bubble chamber and MiniBooNE NC1x° data
- Errors inflated to make good coverage

MB NC1pi0 1Dpx° nu Fit + 100%NC COH

x10™
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POF

3. Internal background

NC17° production error

- Use NUISANCE framework

- From bubble chamber and MiniBooNE NC1x° data
- Errors inflated to make good coverage

Total errors

- Cross section (mostly NC1=° production error)

- Detector (n° propagation error in the detector media)
- Flux

Total +21% error

1. Interaction

2. NCy

3. T2K ND280
4. Result

5. Conclusion
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1. Interaction
2. NCy

3. T2K ND280
4. Result

5. Conclusion

1. Introduction — MiniBooNE oscillation resulit

2. Neutral-Current single gamma production (NCy)
3. T2K off-axis near detector analysis

4. Results and discussions

5. Conclusions
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4. Preliminary sensitivity o

Nsignal

1. Interaction
2. NCy

3. T2K ND280
4. Result

€ X uMa.x (I) dE % NNucleon FV 5. Conclusion

E,m

We haven’t opened the signal box, yet... Magre

yoke

A

All errors are combined, toy models are thrown on that distributiori:

90% upper error is calculated from this distribution.

- After removing up-going photons, tail of distribution becomes —>

vbeam

shorter, indicating external photon is the limit of sensitivity
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4. Preliminary sensitivity

T2K ND280 FGD NCy limit is not competitive...

a
WO Que

Universi _

a (10%¥em? ucleon)

1. Interaction
2. NCy

3. T2K ND280
4. Result

5. Conclusion

10| 7] 12K Flux (all v) Wang et al. calculation
— =  NEUT (v5.3.6) T2K Flux averaged
[ ] NOMAD Flux (v, ONlY)| o  Expected 90%CL limit T2K full phase space
—— Expected 90%CL limit T2K (reduced ¢ & cos(8))
1 — 9096CL limit NOMAD
m— 90236CL limit NOMAD (foward photons)
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1. Interaction
2. NCy
3. T2K ND280

4. Preliminary sensitivity 4 Resul

5. Conclusion

T2K ND280 FGD NCy limit is not competitive...

Signal box is not open, yet, however, estimated sensitivity is roughly x500 larger than
expected cross section.

No constraint of external background

- Small FGD FV volume makes it difficult to perform external background measurement
(target volume = Good TPC PID)

—> large active veto with minimum dead material is essential to reduce external background

No constraint of internal background
- ° reconstruction is not easy for a detector with limited acceptance
- 47 coverage is important for t°© measurement

Neutral current measurement requires large active
veto, small dead materials, and 4x acceptance

Barrel ECAL
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1. Interaction
2. NCy

3. T2K ND280

4. Future measurements 1 Resut

MINERVA = S )

- no good single y PID 1. B S EGAL //—/?%

- larger FV, but surrounded by heavy elements :@ 25|11 e i DE

- larger beam energy - more external background g - j" o §§ §§ 35.

- good ©® measurement performance 3 wowm |3 T H

MINERVA, PLB749(2015)130 A
MicroBooNE/SBND S = gl

- good single y PID(?) from dE/dx + conversion length

- Short radiation length (14cm), good active veto
- Both uB (2.3mx2.6mx10.4m) and SBND (4mx4mx5m) have enough TPC volumes to

utilize edge of the TPC as an active veto
- good n° measurement performance (based on study by ArgoNeuT) ArgoNeuT, arXiv:1511.00941
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5. Conclusion

T2K is a long baseline neutrino oscillation experiment in Japan.

T2K off-axis near detector “ND280” includes plastic scintillator vertex detector “FGD”
and argon gas TPC in 0.2T magnet.

By reconstructing electron and positron tracks, ~95% pure gamma sample is made.
However, majority of gamma rays come from unknown dead materials or =° inside of
the detector.

We estimate external and internal photon errors to set limit on NCy process.

For NCy production per nucleon, we expect ~10-3° cm? flux-averaged total cross
section limit with <E>~600 MeV. This will be the first limit of this channel below 1 GeV.

Detectors with large active veto, less dead material, and 4r coverage will make better
results for NCy and other NC measurements.
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715 November, 2017
il Fermllab USA
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The NuSTEC school s a tralnlng program in the physics of neutrino-nucleus ()
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encouraging questions and discussion on all of the day’s lectures.




Subscribe “NuSTEC News”

E-mail to listserv@fnal.gov, Leave the subject line blank, Type "subscribe nustec-news firstname lastname”

(or just send e-mail to me, katori@FNAL.GQOV)

“@nuxsec” on Facebook page, use hashtaqg #nuxsec

Thank you for your attentlon' '

. * Teppei Katori, Queen Mary University of London P 2017/06/01 y 54



1. Interaction

2. NCy

3. T2K ND280
4. Result

5. Conclusion

Backup
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MiniBooNE, PRL110(2013)161801

1. MiniBooNE oscillation result

The detector canno
- e: intrinsic backgr
- v: misID backgrou
- All backgrounds a

1. Interaction
2. NCy

3. T2K ND280
4. Result

5. Conclusion

gy

b are constrained.

v, from u decay is

25
Asymmetric n° decay is

constrained from

constrained from

measured CCn° rate 2.0
(n°—)
?
. 15
Radiative A-decay
(A—>Ny) rate is o
constrained from @ 1.0
measured NCr°
dirt rate is 0.

measured from
dirt enhanced
data sample

0.%

2

4
xQd Queen viary

University of London

Neutrino
e Data (stat err.)
v, fromp*
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[ oth
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Teppei Katori, Queen Mary University of
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v,CCQE measurement

v, from K decay is
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measurement in
SciBooNE
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MiniBooNE, PRD84(2011)072005 1. Interaction
2. NCy
3. T2K ND280

1. MiniBooNE anti-neutrino constraint 4. Resul

5. Conclusion

PHYSICAL REVIEW D 84, 072005 (2011)

Anti-neutrino mode beam accept way more “wrong 12000 -
sign” (WS) neutrinos. S -
10000 —
WS neutrinos are from decays of forward going g m_
mesons not defocused by magnetic horn. g N
g 8000
b L
Very forward going mesons cannot be measured by £ 400 -
hadron production experiments, such as HARP 2000 |‘|“
MiniBooNE used 3 independent techniques to 0 “!"""""'""- o 5 e
&)

constrain WS neutrinos internally, and we
consistently found we overestimate WS neutrinos.
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1. Interaction
2. NCy
3. T2K ND280

4. Experiment comparison for NCy measurement 4. Resul

5. Conclusion

T reconstructon | iternalbackground | _oxtenal background | status_
NOMAD _ n° data HE beam, large active veto -
uB/SBND _— LE beam, good active veto -

s
\&Qsl Queen Mary Teppei Katori, QEiiQOMnary University of 2017/06/01 58

University of London



