Precise prediction of the neutrino flux in T2K

Reference of the T2K experimental setup :arXiv:1 106.1238

Strategy of flux prediction

|. FLUKA & GEANT3 (w/ GCALOR)

|. Hadron production mainly w/ FLUKA

2. Tracking particles out of the target
mainly w/ GEANT3

3. Input measured parameters of proton
beam, beam direction and horn current
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Optimizing Flux uncertainty

e Pion production : NA6 |/SHINE data (w/ thin target)

Differential cross section for Tt production

in 30GeV P""C Error bars = stat. + syst. in quadrature
no normalization error is shown
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Denisov, et. al. [17] =, K, p | C, Al (others) | 6-60
Allaby, et. al. [18] m . K™ C, Al (others) | 20-65
Longo, et. al. [19] 7. p C, Al 3
Bobchenko, et. al. [15] | # . p C, Al (others) | 1.75-9
Cronin, et. al. [20] 7 C. Al 0.73-1.33
NA61 [7] p ( 31
Belletini, et. al. [14] p C. Al (others) | ~20
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Allardyce, et. al. [23] 7 C. Al (others) | 0.71-2
Vlasov, et. al. [24 o C. Al 2-6.7
Carrol. et. al. :LQ:')]] =, K=, p | C, Al (others) | 60-280 vp, Ve bY

Precise prediction of Super-K flux

Weighting factor of interaction
probability in material based on the
interaction length for each particle
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Phys. B 44 333(| ?72)) . Reduce by using NA6| Pion Multiplicity 5 79 6.2%
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. o Kaon Multiplicit 10.0% 11.1%
Other hadron production uncertainties Py
Expected to reduce by using NA61 data w/ T2K Other Hadron Int. |  9.7% 9.5%
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Other uncertainties | I' gh , 3 6% 22%
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- Off-axis : INGRID Total 15.4% 16.1%

Predict # of expectation at Super-K based on # of observation at ND280

(Phys. Rev. Lett. 107,041801 (2011)) NScC(815=0) | NscMS/RupMC
NMc
NP = RR:DY* x RM,S}I\; - Pion Multiplicity 6.2% 2.5%
ND Kaon Multiplicity 11.1% 7.6%
Common uncertainties Other Hadron Int. 9.5% 1.5%
(mainly hadron production) | p.oton beam, off-axis
cancelled. angle, alignment,horn 2.2% 2.3%
The total (flux, cross-section, detector current
systematics) uncertainty 23% Total 16.1% 8.5%

— |nvestigate Super-K flux prediction with neutrino energy dependency.

l. Far/Near ratio method (used at K2K)

| including the flux bins of ND280 and

1

2. Flux covariance method
- Calculate the flux covariance matrix

Super-K according to each systematic
uncertainty.

- ND280 flux uncertainty reduce by fitting
p-theta distribution of ND280 and SK
flux uncertainty also reduce according to
this matrix.

Flavor&Energy Bin

— Need to consider the correlation b/w flux and
neutrino x-section parameters, detector

systematics parameters (now investigate)
ND280 v, Flux Error Envelope
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Toward more precise prediction of Super-K flux for better

sensitivity of the oscillation analysis



