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Neutrino flux systematic error in T2K analysis

Oscillation analysis
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• ΦFD and ΦND is not identical  
• the flux uncertainty is constrained by ND measurement 

ν cross section analysis
• absolute flux uncertainty is one of error sources in the 
cross section measurement



Neutrino flux prediction
T2K Neutrino beam simulation based on “measurement”

• Use CERN NA61/SHINE pion & kaon measurement 
   (large acceptance: >95% coverage of ν parent pions)
• Kaon, pion outside NA61 acceptance, other interaction 
   in the target were based on FLUKA simulation
• Secondary interaction x-sections outside the target were based on  
   experimental data 

Hadron production in 30GeV proton + C

horn focusing, 
decay is simulated 
by GEANT3

proton beam

π, K

νμ

μ
graphite target

SK
ND

in-situ beam profile & 
position measurement

• ND,SK alignment based 
on GPS survey 
measurement

• beam direction 
measurement by INGRID

• Horn field measurement



Measure hadron(π, K, etc.) yield distribution 
in 30 GeV p+C inelastic interaction

CERN NA61/SHINE measurement

NA61/SHINE setup

Large acceptance 
spectrometer + TOF
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• To exploit the performances of the detector, three different analysis have been 
developed.
• Statistical and systematical errors are independently calculated.
• Final combined spectra allow to reach the maximum acceptance.
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Replica Target Flux Tuning Plan

NA61 Replica Target Data
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• NA61 2009 replica target data: 
4e6 protons on 90 cm target 

• A. Haesler analyzed the data and measured 
corrected π+ and π- spectra  

   CERN-THESIS-2015-103 

 
 

• The replica target data are binned in p 
and θ as well as Z bins along the 
length of the target 

 
 

Z1 Z2 Z5Z4Z3 Z6

- thin target 4%λI (2cm) and replica target (90cm)

• List of measurement (year) 

• thin target data  
(2007,2009) 
• replica target data  
(2007,2009,2010)

Thin target paper: Eur.Phys.J.C76(2016), 84 
Replica target paper : Eur.Phys.J. C76(2016), 617



Hadron production tuning
•  Beam	protons	ini1al	condi1ons	based	on	monitor	measurements	
•  Interac1ons	of	beam	protons	and	secondary	par1cles	inside	the	target	are	

simulated	using	FLUKA	
•  Interac1ons	and	propaga1on	through	horn	material,	decay	volume	and	beam	

dump	made	by	JNUBEAM	(GEANT3+GCALOR)	
•  Tuning	is	done	by	reweigh1ng	mul1plici1es	and	produc1on	cross	sec1ons	in	

FLUKA/JNUBEAM	to	available	data,	mostly	2009	NA61	thin	(2	cm)	target	data	

Feb	9	2017	 2	

Beam	MC	simula1on/tuning	-	reminder	
Details	on	TN-217	 ν-mode	beam	(FHC)	

@SK	

NA61	thin	target	 T2K	target	

(1) interaction rate tuning

NA61
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Fig. 8 A comparison of the measured inelastic (left) and production
(right) cross sections at different momenta with previously published
results. Bellettini et al. (green full circle) [35], Denisov et al. (grey full
triangles) [36] and MIPP (black full diamond) [37] measured the inelas-
tic cross section while Carroll et al. (pink full inverted triangle) [38]

result corresponds to the production cross section. Inelastic cross sec-
tion measurements performed by Denisov et al. with the hodoscope
method are shown as well (open inverted triangles). The NA61/SHINE
measurements with 2007 (blue open square) and 2009 (red full square)
data samples are shown

fprod = 0.993 ± 0.000(det) +0.001
−0.012(mod)

finel = 0.988+0.001
−0.008(det) +0.000

−0.008(mod)

where “det” is the detector systematic uncertainty obtained
by performing the simulation for different positions and sizes
of S4, taking also into account the beam divergence mea-
sured from the data. The uncertainty “mod” resulting from
the choice of physics model was calculated as the largest dif-
ference between the contributions estimated for σ f

qe with dif-
ferent GEANT4 physics models (FTFP_BERT, QBBC and
QGSP_BERT, as well as FTF_BIC physics list) and from
measured data for σ f

el as described above.
Inserting these values of the elastic and quasi-elastic cross

sections, and of the fractions accepted by the trigger into
Eqs. (12) and (13), one obtains the final results:

σinel = 258.4 ± 2.8(stat) ± 1.2(det) +5.0
−2.9(mod) mb, (16)

σprod = 230.7 ± 2.8(stat) ± 1.2(det) +6.3
−3.5(mod) mb, (17)

where “stat” is the statistical uncertainty, “det” is the total
detector systematic uncertainty and “mod” is the uncertainty
caused by the choice of physics model. The total uncertainty
of σprod is +7.0

−4.6 mb, which is significantly smaller than that
of the NA61/SHINE result obtained from the 2007 data.
The dominant uncertainty comes from the choice of physics
model used to derive the production cross section from the
trigger cross section.

The new NA61/SHINE results on inelastic and production
cross section agree, in general, with the previously published
measurements as shown in Fig. 8. A possible tension with
measurements by Denisov et al. [36], which are assigned
a rather small systematic uncertainty of 1 %, could be due
to different experimental techniques used to extract σinel. As
discussed in Ref. [32], various approaches to define and mea-

sure σinel could lead to differences of up to 8 mb for proton–
carbon interactions.

4 Spectra analysis techniques and uncertainties

This section presents analysis techniques developed for the
measurements of the differential inclusive spectra of hadrons.
Details are shown on data selection and binning, on particle
identification (PID) methods as well as on the calculation of
correction factors and the estimation of systematic uncertain-
ties.

The data analysis procedure consists of the following
steps:

(i) application of event and track selection criteria,
(ii) determination of spectra of hadrons using the selected

events and tracks,
(iii) evaluation of corrections to the spectra based on exper-

imental data and simulations,
(iv) calculation of the corrected spectra.

Corrections for the following biases were evaluated and
applied:

(i) geometrical acceptance,
(ii) reconstruction efficiency,

(iii) contribution of off-target interactions,
(iv) contribution of other (misidentified) particles,
(v) feed-down from decays of neutral strange particles,

(vi) analysis-specific effects (e.g. ToF-F efficiency, PID, K−

and p̄ contamination, etc.).

All these steps are described in the following subsections
for each of the employed identification technique separately.
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FLUKA σprod = 240.3 mb

Flux tuning based on the NA61 thin target data

- interaction rate is tuned using the experimental σprod. (= σinel. - σqe.) 
- 30GeV p+C interaction rate tuning is based on the NA61 data

- uncertainty size is determined  
by the size of σqe (=33.3mb@30GeV)
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Figure 6: A comparison of the measured inelastic (left) and production (right) cross sections
at di↵erent momenta with previously published results. Bellettini et al. (green full circle) [12],
Carroll et al. (pink empty circle) [13] and MIPP (black full triangle) [14] measured the inelastic
cross section while Denisov et al. measurements (grey triangles) [15] correspond to production
cross section as stated in their article. NA61/SHINE measurements with 2007 (blue empty
square) and 2009 (red full square) data samples are shown as well. The quasi-elastic component,
estimated with GEANT4, has been added to Carroll et al. and Denisov et al. measurements
shown in the left plot and subtracted from Bellettini et al. measurement shown in the right
plot.

cuts, special runs with a beam trigger had been taken. One has to assume also a beam322

stability over the whole period of datataking. As a consequence of that, the systematic323

uncertainty in the analysis of data 2007 was by far larger than the statistical one. In the324

2009 data taking run the beam trigger ran simultaneously with physics triggers. The ability325

to apply the event-by-event selection improved the systematics significantly. As a result of326

this analysis NA61/SHINE obtained the inelastic cross section327

�inel = 261.3 ± 2.8(stat.) ± 2.4(detector) ± 0.3(model) mb (4.1)

which comprises all processes due to strong p + C interactions excluding the coherent nuclear328

elastic scattering. By subtracting from �inel the cross section of quasi-elastic interactions,329

which amounts to 27.8 ± 2.2 (stat) mb, one determines the production cross section330

�prod = 233.5 ± 2.8(stat.) ± 2.4(detector) ± 3.6(model) mb. (4.2)

It is used further to normalize hadron cross sections to obtain multiplicities and to compare to331

MC model predictions. All model-dependent corrections were estimated with GEANT4.9.5 [17,332

18] using FTF BIC physics list. A comparison to the previously published results is pre-333

sented in Fig. 6.334

The total uncertainty of �prod is 5.1 mb, almost a factor of two smaller than the one335

obtained with the 2007 data. The dominant contribution to the uncertainty comes from336

the physics model used to recalculate the production cross section from the “trigger” cross337

section.338

Measurement of a charged hadron cross section339

Depending on the momentum interval and the particle type, three di↵erent analysis tech-340

niques were tested for the analysis of data 2007 [5]. About 90% of primary negatively charged341

particles produced at this energy are ⇡�. Thus the analysis of ⇡� spectra can be done with-342

out additional particle identification. This is the so called h� analysis. For other species343

of particles the particle identification is necessary. In particular for the region of momenta344

p > 1 GeV/c, which is the most crucial for T2K neutrino kinematics, a combined analysis345

18



Hadron production tuning (cont.)
•  Beam	protons	ini1al	condi1ons	based	on	monitor	measurements	
•  Interac1ons	of	beam	protons	and	secondary	par1cles	inside	the	target	are	

simulated	using	FLUKA	
•  Interac1ons	and	propaga1on	through	horn	material,	decay	volume	and	beam	

dump	made	by	JNUBEAM	(GEANT3+GCALOR)	
•  Tuning	is	done	by	reweigh1ng	mul1plici1es	and	produc1on	cross	sec1ons	in	

FLUKA/JNUBEAM	to	available	data,	mostly	2009	NA61	thin	(2	cm)	target	data	
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Beam	MC	simula1on/tuning	-	reminder	
Details	on	TN-217	 ν-mode	beam	(FHC)	

@SK	

NA61	thin	target	 T2K	target	

(2) multiplicity tuning
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Figure 16: The meson multiplicity weights from NA61/SHINE data over FLUKA 2011.2b.
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Flux tuning based on the NA61 thin target data

- using the NA61 2009 thin target π±, K±, K0S, p+ multiplicity data 
- flux uncertainty is evaluated using NA61 systematic errors

NA61/FLUKA (π+ on C)
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Figure 16: The meson multiplicity weights from NA61/SHINE data over FLUKA 2011.2b.
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NA61/FLUKA (K+ on C)



Present flux error
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Figure 113: The total uncertainties evaluated on the SK flux prediction. The 13av2 uncertainty
is the current version. The 11bv3.2 is the previous version.
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•total uncertainty is ~10% at peak (it is comparable between ν 
and anti-ν mode) 
•correlation between FD and ND is also calculated
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Figure 114: The total uncertainties evaluated on the ND280 flux prediction. The 13av2
uncertainty is the current version. The 11bv3.2 is the previous version.
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Present flux error (cont.)
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Figure 109: The hadron interaction model uncertainties evaluated on the SK flux prediction.
The 13av2 uncertainty is the current version. The 11bv3.2 is the previous version that used the
NA61 2007 thin target data in the tuning.
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•Interaction length error is the largest source of the hadron 
interaction error
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Figure 113: The total uncertainties evaluated on the SK flux prediction. The 13av2 uncertainty
is the current version. The 11bv3.2 is the previous version.
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Breakdown of “Hadron interactions”



T2K systematic error table

sin2 θ23 ¼ 0.528. The νe (ν̄e) contamination in the ν̄e (νe)
sample is 17.4% (0.5%), and the proportion of the sample
expected to correspond to oscillated ν̄e (νe) events is 46.4%
(80.9%) for δCP ¼ −π=2. A more detailed description of
the candidate event selections can be found in previous
publications [14]. The ν̄e signal events are concentrated in
the forward direction with respect to the beam, unlike the
backgrounds (Fig. 3). Therefore, incorporating recon-
structed lepton angle information in the analysis increases
the sensitivity. The reconstructed neutrino energy spectra for
the νe and ν̄e samples is shown in Fig. 4.
The systematic errors concerning the detector behavior

are estimated using atmospheric neutrino and cosmic-ray
muon events. A sample of hybrid data-Monte Carlo events
is also used to evaluate uncertainties regarding π0 rejection.

Correlations between the uncertainties for the four samples
are taken into account in the fits.
The fractional variation of the number of expected events

for the four samples owing to the various sources of
systematic uncertainty are shown in Table II. A more in-
depth description of the sources of systematic uncertainty
in the fit is given in [14], although this reference does not
cover the updates discussed in previous sections.
Oscillation analysis.—The oscillation parameters

sin2 θ23, Δm2
32, sin

2 θ13, and δCP are estimated by perform-
ing a joint maximum-likelihood fit of the four far-detector
samples. The oscillation probabilities are calculated using
the full three-flavor oscillation formulas [39]. Matter effects
are included with an Earth density of ρ ¼ 2.6 g=cm3 [40].
As described previously, the priors for the beam flux and

neutrino interaction cross-section parameters are obtained
from the fit with the near-detector data. The priors [8] for
the solar neutrino oscillation parameters—whose impact is
almost negligible—are sin22θ12¼0.846"0.021, Δm2

21 ¼
ð7.53" 0.18Þ × 10−5 eV2=c4, and in some fits we use
sin2 2θ13 ¼ 0.085" 0.005 [8], called the “reactor meas-
urement.” Flat priors are used for sin2 θ23, Δm2

32, and δCP.
We use a procedure analogous to [15]: we integrate the

likelihood over the prior probability density function of the
nuisance parameters and we obtain the marginal likelihood
which depends only on the relevant oscillation parameters.We
define−2Δ lnL ¼ −2 ln½LðoÞ=Lmax& as the ratio between the
marginal likelihood at the point o of the relevant oscillation
parameter space and the maximum marginal likelihood.
We have conducted three analyses using different

far-detector event quantities and different statistical
approaches. All of them use the neutrino energy recon-

structed in the CCQE hypothesis (Erec) for the ν
ð−Þ

μ samples.
The first analysis uses Erec and the reconstructed angle
between the lepton and the neutrino beam direction, θlep,

of the ν
ð−Þ

e candidate samples and provides confidence
intervals using a hybrid Bayesian-frequentist approach
[41]. These results are shown in the following figures.
The second analysis is fully Bayesian and uses the lepton

momentum, plep, and θlep for the ν
ð−Þ

e samples to compute
credible intervals using the posterior probability. The third

analysis uses only Erec spectra for the ν
ð−Þ

e samples and a
Markov chain Monte Carlo method [42] to provide
Bayesian credible intervals. This analysis performs a
simultaneous fit of both the near- and far-detector data,
providing a validation of the extrapolation of the flux, cross
section, and detector systematic parameters from the near to
far detector. All three methods are in good agreement.
An indication of the sensitivity to δCP and the mass

ordering can be obtained from Table I. If CP violation is
maximal (δCP ¼ "π=2), the predicted variation of the total
number of events with respect to the CP conservation
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FIG. 3. The reconstructed lepton momentum and angle relative
to the beam at the far detector for the ν̄e sample signal (left) and
background (right) expectation with the data overlaid (blue
points).
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FIG. 4. The reconstructed neutrino energy at the far detector for
the νe (left) and ν̄e (right) candidate samples is shown together
with the expected distribution without oscillation (blue histo-
gram) and the best fit (red histogram).

TABLE II. Systematic uncertainty on the predicted event rate at
the far detector.

Source (%) νμ νe ν̄μ ν̄e

ND280-unconstrained
cross section

0.7 3.0 0.8 3.3

Flux and ND280-constrained
cross section

2.8 2.9 3.3 3.2

Super-Kamiokande detector systematics 3.9 2.4 3.3 3.1
Final or secondary
hadron interactions

1.5 2.5 2.1 2.5

Total 5.0 5.4 5.2 6.2

PRL 118, 151801 (2017) P HY S I CA L R EV I EW LE T T ER S
week ending

14 APRIL 2017

151801-6

Fractional error on NSK (2016 OA paper)

w/o ND280 fit 
flux error is 7~9% 
xsec error is 7~10%

• the flux uncertainties is reduced using ND data thanks to the correlation between FD 
and ND  

- e.g. F/N ratio error is already <2% 

• for the cross section measurement at ND280, the flux uncertainty (~10% at peak) is 
the largest error 

• flux error improvement contributes ND280 cross section error → oscillation analysis



Prospects for further improvement

• Hadron production tuning using NA61 
replica target data  

• Proton beam profile error + off-axis error  
improvement  

• Normalization error (CT) improvement



NA61 replica target data (2009)
NA61	replica	target	data	

•  In	addi1on	to	the	thin	(2	cm)	

target,	NA61	collected	data	of	30	

GeV/c	protons	on	a	T2K	replica	

(90	cm)	target	

•  Measured	mul1plici1es	of	π+	and	

π-	exi1ng	the	target	are	binned	in	

momentum,	angle	and	Z	posi1on	

bins	

•  Currently	working	on	integrate	

the	2009	replica	target	data	in	

T2K	beam	simula1on	
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(90	cm)	target	

•  Measured	mul1plici1es	of	π+	and	

π-	exi1ng	the	target	are	binned	in	

momentum,	angle	and	Z	posi1on	

bins	
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2009	NA61	replica	target	data	

NA61	replica	target	

π± multiplicities  
on the surface of  
target measured  
in (p,θ,z) bin

Studying two  
approaches to use 
the data in the flux  
prediction



Re-weighting method

Proton 
beam
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1. Thin Target Tuning
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Weight 1.0
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Reminder of  NA61 Thin vs Replica Target Tuning

GCALOR Thin + Xsec

Beam Pre-Meeting, 6 February 2017T. Vladisavljevic

• New set of  20 FLUKA files used, 
which also include elastic and quasi-
elastic interactions this time

• These weights are used in the replica 
tuning procedure

", replica weights 
(NA61 replica data / fluka)

El. and Quasi-el. interactions included

Beam Pre-Meeting, 6 February 2017T. Vladisavljevic

• New set of  20 FLUKA files used, 
which also include elastic and quasi-
elastic interactions this time

• These weights are used in the replica 
tuning procedure

", replica weights 
(NA61 replica data / fluka)

El. and Quasi-el. interactions included

Beam Pre-Meeting, 6 February 2017T. Vladisavljevic

instead of tuning the interaction 
rate and multiplicity in the target, 
tuning the multiplicity at the 
surface of target

T.Vlandisavljevic(IPMU,Oxford)



Improved flux uncertainties (preliminary)

ND280	FHC	flux	uncertain1es	
(preliminary)	

Feb	9	2017	 10	

T.	Vladisavljevic		

Replica	tuning	 Thin	tuning	 Thin	tuning	(TN-217)	

SK	FHC	flux	uncertain1es	
(preliminary)	

Feb	9	2017	 12	

T.	Vladisavljevic		

Replica	tuning	 Thin	tuning	 Thin	tuning	(TN-217)	

 (GeV)νE
-110 1 10

Fr
ac

tio
na

l E
rr

or

0

0.1

0.2

0.3

µ
ν) Mode, νSK: Positive Focussing (

Mult. Error
Pion Rescatter Error
Nucl. Error
Int. Length Error
13av2 Error
11bv3.2 Error

µ
ν) Mode, νSK: Positive Focussing (

 (GeV)νE
-110 1 10

Fr
ac

tio
na

l E
rr

or

0

0.1

0.2

0.3

µν) Mode, νSK: Positive Focussing (

Mult. Error
Pion Rescatter Error
Nucl. Error
Int. Length Error
13av2 Error
11bv3.2 Error

µν) Mode, νSK: Positive Focussing (

 (GeV)νE
-110 1 10

Fr
ac

tio
na

l E
rr

or

0

0.1

0.2

0.3

eν) Mode, νSK: Positive Focussing (

Mult. Error
Pion Rescatter Error
Nucl. Error
Int. Length Error
13av2 Error
11bv3.2 Error

eν) Mode, νSK: Positive Focussing (

 (GeV)νE
-110 1 10

Fr
ac

tio
na

l E
rr

or

0

0.1

0.2

0.3

0.4

0.5 eν) Mode, νSK: Positive Focussing (

Mult. Error
Pion Rescatter Error
Nucl. Error
Int. Length Error
13av2 Error
11bv3.2 Error

eν) Mode, νSK: Positive Focussing (

 (GeV)νE
-110 1 10

Fr
ac

tio
na

l E
rr

or

0

0.1

0.2

0.3

µν) Mode, νSK: Negative Focussing (

Mult. Error
Pion Rescatter Error
Nucl. Error
Int. Length Error
13av2 Error

µν) Mode, νSK: Negative Focussing (

 (GeV)νE
-110 1 10

Fr
ac

tio
na

l E
rr

or

0

0.1

0.2

0.3

µν) Mode, νSK: Negative Focussing (

Mult. Error
Pion Rescatter Error
Nucl. Error
Int. Length Error
13av2 Error

µν) Mode, νSK: Negative Focussing (

 (GeV)νE
-110 1 10

Fr
ac

tio
na

l E
rr

or

0

0.1

0.2

0.3

eν) Mode, νSK: Negative Focussing (

Mult. Error
Pion Rescatter Error
Nucl. Error
Int. Length Error
13av2 Error

eν) Mode, νSK: Negative Focussing (

 (GeV)νE
-110 1 10

Fr
ac

tio
na

l E
rr

or

0

0.1

0.2

0.3

0.4

0.5
eν) Mode, νSK: Negative Focussing (

Mult. Error
Pion Rescatter Error
Nucl. Error
Int. Length Error
13av2 Error

eν) Mode, νSK: Negative Focussing (

Figure 109: The hadron interaction model uncertainties evaluated on the SK flux prediction.
The 13av2 uncertainty is the current version. The 11bv3.2 is the previous version that used the
NA61 2007 thin target data in the tuning.
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Figure 110: The hadron interaction model uncertainties evaluated on the ND280 flux predic-
tion. The 13av2 uncertainty is the current version. The 11bv3.2 is the previous version that
used the NA61 2007 thin target data in the tuning.
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Breakdown of “Hadron interactions” 



Modeling method
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Fit	to	NA61	replica	target	data	results	

proton	dial	(σprod	@30GeV/c)	 pion	dial	 X2/d.o.f	

FLUKA2011	thin	target	tuned	 0.0	(230.7	mb)	 0.0	 4492/1383	=	3.25	

Fit	to	replica	target	data	 -0.97	±	0.03	(198	mb)	 -0.17	±	0.09	 3519/(1383-2)	=	2.55	

Fit	to	replica	target	data	(w/	

model	dependence	

uncertain1es)	

-0.95	±	0.03	(199	mb)	 -0.25	±	0.09	 3201/(1383-2)	=	2.32	
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–  The	σ
QE
		is	used	as	1	

sigma	varia1on	

•  Need	to	look	at	other	

parameters	to	vary	in	

fit	
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• considering two parameters, proton and pion σprod, as a first 
step of modeling 
- σprod = σinel - σqe  (allow to vary σqe)

• σprod @30GeV is 7σ below the NA61 measurement  
• it is still within present assigned error in the flux uncertainty but 
need to look other parameters to vary  
-under checking z-bin dependence, target density error A.Fiorentini(York)



Proton beam profile error
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Figure 114: The total uncertainties evaluated on the ND280 flux prediction. The 13av2
uncertainty is the current version. The 11bv3.2 is the previous version.
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• dominant source of  
proton beam profile error  
is uncertainty of y, θy  
measurement 

- primary-secondary beam-line  
alignment 

• size is Δy~0.6mm, Δθy~0.3mrad → it causes 6% flux error at  
1GeV 

• it can be improved by constraining w/ INGRID measurement  

• currently, the error is double counting (INGRID off-axis angle  
measurement is treated as another flux error source)



Normalization error (CT)
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Figure 114: The total uncertainties evaluated on the ND280 flux prediction. The 13av2
uncertainty is the current version. The 11bv3.2 is the previous version.
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Newly Evaluated Systematic Errors on
Absolute Measurement

Error Source % Error
Scope Input Impedance 1%
Scope DC Gain Accuracy 1.5%
Frequency Dependence 0.6% ??
Electronics Noise ? 0% ??
CT Attenuator Calibration ??
Reproducibility/Calib. Measurement Statistical Error 0.3%
Propagation from CT02 to CT05, etc. 0.5%
Analysis (Integration Window) 1.7%! 0.1% ??
New Total 2.0(+?)%
Previous Total 2.7%

• Still working on error evaluation

• Should be able to reduce some errors, but may need to add
others

22 / 24

• Update analysis method and  
new calibration reduce the POT 
uncertainty from 2.7% to 2.0% 

• No effect on oscillation analysis  
because of F/N effect but small  
improvement on cross section  
measurement

M.Friend (KEK)



Summary
• Present flux uncertainty is ~10% at peak energy  

• SK flux uncertainty is reduced using ND280 data (F/N 
effect) 

• Currently, this is a largest uncertainty in most of 
ND280 cross section measurements 

• The absolute flux uncertainty can be reduced down to 
5~6% in total (at peak energy)  

• Use of NA61 replica target data in tuning,  INGRID 
beam direction measurement and new normalization 
error
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Figure 114: The total uncertainties evaluated on the ND280 flux prediction. The 13av2
uncertainty is the current version. The 11bv3.2 is the previous version.
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Figure 113: The total uncertainties evaluated on the SK flux prediction. The 13av2 uncertainty
is the current version. The 11bv3.2 is the previous version.
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two parameters in replica target modeling


