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W The T2K experiment
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W T2K results

Update on Ve appearance search (ICHEP 2012):
| | Ve events in the far detector. 3.2240.43 (syst.) expected if 83 =0,
0:13+0 at 3.2 0. First signal of neutrino appearance!

Ve disappearance {x V, appearance

assumlngSIn22623=1 AL L I L L L L LA L L L ) N L B L B NN B N

pre limina ry No-disappearance hypothesis

Best-fit oscillation hypothesis

68% C.L. T2K Run 1+2 data

[ 90% C.L.
— Best fit
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(3.010e20 POT)

normal hierarchy
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— Best fit g MINOS 2011 (7.25E+20 POT), 90% CL

T2K 1.431E+20 POT, Feldman-Cousins 90% CL (stat)
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Run1+2+3 data ‘ i Super-K L/E, 90% CL
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inverted hierarchy

IAm3,I=2.4x107 eV?

Best fit sin220,3=0.094%9-9>3
(for dcp=0, normal hierarchy )

previous results : 0. 0.85 0.90 0.95

")
sin 2623

Phys. Rev. Lett. 107 no. 4, (Jul, 201 1) 041801 sin*2013=0.11*9.10
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W Creation of a high power neutrino beam T2K

ND280
30 GeV proton m,K,u focussed by 3 un-oscillated v flux

magnetic horns and + interaction x-sections
decay in 100 m length

tunnel

90 cm long graphite
target

measures U
from rtdecay

INGRID
beam
280 m profile

*30 GeV ~1x10'4 protons extracted every 2.5~3 sec directed to the carbon target

esecondary 1+ (and K+) focussed by three electromagnetic horns (250 kA/200 kA)
*MUMON+INGRID: measure beam stability (< Tmrad ~2% E. shift@SK)

*ND280: measures flux and flavour content before oscillation + v cross sections

*SK: measures oscillated spectrum
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W Collected data
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e Why is the prediction of the neutrino flux important?

To predict the number of events at T2K:

*The measured flux in the ND has a different shape than that
of SK (non point like source)

*The intrinsic Ve contamination of the v, beam is an
irreducible background for the appearance signal.

To evaluate the flux at the ND for cross section
measurements (which are needed for the oscillation
analysis).

TPC1.  TPC2 TPC3

In any case, the estimation of the flux depends on the production of the hadrons at the

target.
=> Need hadron production data at p+C 30 GeV to constrain the flux.
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W The NA61/SHINE detector at CERN SPS

graphite target

Vertex magnets

30 GeV )—/

Proton beam VTPC-1 {

Target

eexample
of a pC
interaction
at 30 GeV

*3 BPDs (Beam position detectors)
5 TPCs o(p)/p2 ~10*
*3 Time of flight: TOFL,R resolution ~70 ps Both tareet od t
o B , oth targets are required to
FTOF resolution ~|10ps <=Added in 2007 for understand

.2 Tal"getS: Thln tal’get: 004 }\J T2K measurements and PC interactions and model

ded in 2 :
T2K replica target: 1.9 A1 extended in 2007 reliably of

the neutrino flux.
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What cross-sections should NA61/SHINE measure? T2K

Which cross sections measurements are needed?

What is the composition of the v, and ve flux in terms of hadrons exiting the target?
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m NAG61/SHINE has the required acceptance .I_Zﬁa

NAG6 I /SHINE fully covers the T2K phase-space

2000
TT+ giving v, at

K+ giving v at T2K
1500 L

'

1000

500

NA6|/SHINE
acceptance with
ToF-F
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W NAG61/SHINE data taking for T2K

T2/K\

2007 pilot run:
thin target ~ 660 k triggers
replica target ~ 230 k triggers

2009 run:
thin target  ~ 6 M triggers
replica target ~ 2 M triggers

2010 run:
replica target ~ 10 M triggers

2 different graphite (carbon)
targets

[hin®Carbon® jII‘**'\
‘ &F{ i :

. 2K Rephca /
’ Target '

?\ﬁ

,_?,

=

*Both targets are required to understand pC interactions and model reliably of the neutrino flux.

*Many different analysis were performed on the 2007 thin target data (very important for x-check)

efrom the 2007 data we extracted: charged pions, K*, protons and KY%

epublished 2 PRC papers
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W Particle identification in NA61/SHINE

Combine dE/dx from TPCs at high momentum with m? from ToF-F at low momentum
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W NAG61/SHINE has high efficiencies T2K

Breakdown of the MC corrections for the K* spectra

S = Thanks to azimuthal cuts and
= | o decay 1 . .
3 = Sof selection of long tracks:
= - G 20<0<140 mrad 140<6<240 mrad -acceptance,
Q . .
9 feed down i -reconstruction efficiency,
— ©-sec. 1nt .

- .8 acceptance 1 -ToF efficiency,

i =>all close to 100%

1 -t =1 a—— °
0.5 —+
1 1 1 | 1 1 1 | 1 1 1 | 1 1 | | | | | | | | | | | | | |
2 4 6 2 4 6

p [GeV/c] p [GeV/c]

*ToF efficiency: probability for a track to generate a valid m? measurement in the ToF-F.

*Reconstruction efficiency: efficiency of the reconstruction algorithm.

*feed down: K* from weak decays fitted to primary vertex.
<= are model dependent

* Acceptance: correction for the geometry of the detector
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M NAG61/SHINE results - K+

N. Abgrall et al. Measurement of production properties of positively charged kaons in
proton-carbon interactions at 31 GeV/c Phys. Rev. C 85 (Mar, 2012) 035210.

normalised to mean multiplicity in all p+C
production interactions.

systematic uncertainties
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Comparison with models (UrQMD, : . 5
FLUKA and VENUS4.12, which is the P76 s 20 SR

model used in our MC)
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http://prc.aps.org/abstract/PRC/v85/i3/e035210
http://prc.aps.org/abstract/PRC/v85/i3/e035210

Uncertainty [%]

Uncertainty [%]

NAG61/SHINE results - t*

T2k

N.Abgrall et al.,“Measurements of Cross Sections and Charged Pion Spectra in Proton-Carbon Interactions at 3|

GeV/c,” Phys. Rev. C84 (2011) 034604
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W The T2K beam Monte Carlo

tertiary TT Focussed hadrons -> V in SK
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M Constraining the T2K flux - primary interactions T2K

weight the Fluka pion and kaon production with NA6 | /SHINE.
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W Extend kaon coverage T2/K\

NA6| (for the moment) has a limited kaon coverage both in terms of kaon charge and phase-space.

Use other external data to constrain estimate neutral kaon production
Eichten ef al.: ptBe 24 GeV/c.

1
0 __ + —
Allaby e al: p+Be 19.2 GeVic. Ky = (K7 +3K7)
(M. Bonesini et al. Eur. Phys. 1084 . C, 20, 2001)

LU L
Phase-space of secondary K+ which
contribute to a neutrino @ T2K

K+ giving v at T2K

' _Phase-space of secondary K°L
which contribute to a neutrino @ T2K

;. K+ giving v at T2K

Phase-space of secondary K- which
.+ contribute to a neutrino @ T2K

.. K+ giving vat T2K

IIII|II\I|IIII‘IIII|I\II|IIII|IIII|\III
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—
p (GeV/c)

Using Eichten and Allaby data

Extend phase space + complete data driven kaon production

Requires scaling to different beam momentum and different target materials

=> will increase NA61 kaon coverage in the near future
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m Systematic errors on particle production

-I-l-i

proton beam

£ KO
proton beam

P T, K*
proton beam ’

n T
proton beam
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V, contribution

70%

1 6%

5%

Ve contribution

40%

Systematic error of NA6 |/SHINE

Systematic error of NA6|/SHINE (for
K+)

Systematic error of Eichten & Allaby +
error on momentum/material scaling

Discrepancy between Eichten & Allaby
data and Fluka + error on momentum/
material scaling

NAG61 pion error based on isospin
invariance

+ error on momentum/material
scaling
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W Other sources of systematic uncertainties .I_Zﬁ

Horn and target alignment Geometrical Survey

Neutrino beam direction (off-axis

INGRID measurements
angle)

proton beam monitors

roton beam
P (position, angle, divergence, width)

uncertainty from horn current
measurements

Horn currents
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Flux error envelopes

Run 1+2+3b+3cT2Kv, Flux Run 1+2+3b+3CcT2K v, Flux

=
S}

— total
— pion production

— total

- total particle production
— kaon production

--- proton beam, alignement and off-axis angle
I

=
\®)

— secondary nucleon production

Fractional Error
Fractional Error

---horn current & field

- Total Error~15 %—

— hadronic interaction length

107! 10
E, (GeV)

The total error is of the order of 15 % in the oscillation region (<I GeV)
It is dominated by uncertainties in particle production

Uncertainty on secondary nucleon production dominates (not tuned yet so this error will

go down in the future)
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M Flux uncertainties on the number of v. events .I_ZR\

% Errors on Sample Predictions
N N /N

ND

Pion Production 3 41

Kaon Production 3 48

Secondary Nucleon
Production 5.46

Hadronic Interaction
Length 5.78

Proton Beam, Alignment 345
& Off-axis Angle '

Horn Current and |
Magnetic Field 1.40 1.16

Total | | | i
ota 10.04 10.94 €~ Clear improvement

/ on flux uncertainties

For comparison: since 201 | results!

Total error July 2011 result 15.4 14.9 8.5

201 | results were without NA61| kaon data
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W Future improvements with replica target data

Approx. 60% of the flux comes from the primary interaction, 30% from secondary
interactions and 10% from interactions out of target (mainly focussing horns)
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Need to constrain the secondary interactions with replica target!
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W Future improvements with replica target data

arXiv:1207.21 14v| [hep-ex] (submitted to Nucl. Inst. Meth. B)

Strategy:
-compare raw Yields out of target skin directly with Monte Carlo and produce re-weighting factors of the
T2K event generator within the NA6 |/SHINE analysis framework.

First time such a measurement is pushed to the end for a neutrino flux prediction

comparison of v, flux prediction with thin and replica target:

V)

E replica target, pion multiplicity error
thin target:

x2ndf 13.99/16
p0 1.00+0.02

total error

—h
(6)]
L R

pion multiplicity error

__¢_
F
¢

—

thin/replica re-weighting

o
ol

Both tunings methods in good agreement!

v, flux [cm?/100 MeV/10*' pot]

*Data from replica target is however currently limited by low statistics of 2007 data (~15%).

*2009/2010 data sets: significantly reduce stat. + syst. unc. expected <= 5%

Sebastien Murphy ETH Zirich 23 Nufact’12 Wiliamsburg July 23 2012


http://arxiv.org/pdf/1207.2114v1.pdf
http://arxiv.org/pdf/1207.2114v1.pdf

AR Conclusion

*Estimation of the neutrino flux is a crucial part of the T2K oscillation analysis.

*NAG6 |/SHINE has successfully completed data taking for T2K.

*2007 low statistics thin target results have already had a significant impact on the

improvement of the flux related errors.

*The error on the prediction of the T2K flux is now dominated by NA6|/SHINE

systematic uncertainties and errors due to poor knowledge of secondary

interactions in the target.
=>Results from 2009 thin target and long target expected soon (see

poster A. Haesler)
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T2K\

while we wait for a Nu Factory.. FIUX uncertainties matter

No MC model or data-parametrizations can provide accurate flux
estimations and reasonable descriptions of the associated errors

Have to get direct measurements
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EEH Why go off-axis? T2R

Off-axis v beam, peak energy at oscillation
maximum ~650 MeV

Flux x CC cross section

(Arbitrary Unit)

,{eutrino Survival probabili

*Narrow beam peaked at the maximum oscillation probability

*Minimises background by reducing high-energy tail
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M Future improvements

New NA61 thin target preliminary results
proton cross-sections
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W Error on K" momentum scaling

= NAG1 errors

= Other data errors
Xp VS Xp

Scale Allaby (19.2 GeV) to Eichten (24 GeV).

=>compare scaled Allaby to Eichten Sealed Allaby

GCALOR Al
No data

= BMPT-Data
Total

Fractional Error

l | |III|III|III|III|III|III|III

|

[E—

0

True E, (GeV)

Scaled Allaby / Eichten

—— NAGI errors

—— Other data errors
Xp VS Xp
Scaled Allaby
GCALOR Al
No data

— BMPT-Data
Total

Fractional Error

Modify Eichten weights by those ratios and see effects on flux =>

I
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