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This presentation is largely based on this workshop and its conclusions
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Hadroproduction experiments provide an inportant input for
the creation of a good neutrino flux model for neutrino oscillation 
experiments

The typical neutrino oscillation experiment comprises 

-- target, in which pi/K/hyperons are produced � neutrinos
-- focusing system in which particles are bent and do interact
-- decay tunnel 
-- beam monitoring instrumentation 

-- muon monitors, 
-- neutrino monitors such as INGRID in T2K  

-- near detector to measure cross-sections and topologies 
«flavour and energy of neutrino interactions before the oscillations»
-- far detector 
«flavour and energy of neutrino interactions after the oscillations»

Deliverables
-- flux and errors on flux for the various neutrino flavours

-- also their ratios (νe/νµ) and errors
-- near/far detector flux ratio (in absence of oscillations) 
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-- Thin Target   --

Sakashita
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The cross-section issue

Several definitions of cross-sections ‘elastic’, ‘inelastic’, ‘production’ 
lead to inconsistent results (up to 20mb out of 230) in the littérature.

This is important for the thin target data: because the total acceptance
of the final state particles is small we cant count the interactions, only
produced particles. + we veto elastic interactions with downstream scint. 

Furthermore (unlike partial decay widths) cross-sections are not additive
in a finite interaction volume, but the interaction length determines the 
distribution of particles produced along the target.   
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-- Thin Target   --
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-- Thin Target   --

The interaction length error is the largest source of error. 

The rest is due to re-interactions inside the target and in the material
in the beam line. 

A significant remaining error is due to the knowledge of the off-axis angle 
and proton beam profile uncertainty (falling edge of pion Jacobian peak)
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5 times more data in 2010 
– four different simultaneous triggers 
-- high field data
-- doing the kaons too.   



13

2009 RT paper.
N. Abgrall et al. Eur. Phys. J., C76(11):617, 2016.
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High energy error will be reduced
from 2010 LT data
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Consistency check:
-- compare flux predicted with thin target and replica target

thin/replica with nominal σint thin/replica with σint reduced by 20mb

cross-section error has an effect, but errors at the early part of the 
target are also important. 
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There is something one can measure very precisely which is related to 
interaction length! 
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Popov

Dominant (and curable)
-- backward extrapolation
-- reconstruction efficiency
-- PID, TOF efficiency etc…
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measurements
in TPC

-- number of sensors should be optimized by simulation
-- transverse size do not need to exceed 5cm 
-- Typical track should have 3-4 points. 

-- Essential to have tracker downstream of target with no hole ! 
to ensure good extrapolation of low angle tracks. 

surround the target with a precise tacking device (assume pixel) 
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yes, but need detectors on x-z plane + downstream of target.
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NB T2K does not measure any cross-section with 3% error! this is the error
on the number of predicted events in SK given the number of events observed
in ND280!  
e.g. N/F flux ratio is known to <2%.
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Measurement of the ratio of electron to muon cross-sections

This is an important systematic uncertainty in the determination
of  oscillation parameters from the  νµ→νe   and νµ→ νe channels

Mark Hartz
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In addition to the replica
target measurements
these measurements also
benefit from further
cross-section 
measurements for 
pions and kaons in the 
few GeV to 15 geV regime
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So far beam for NA61 is limited to energies > 13 GeV. 
Esp. for mesons, it is possible to study a beamline that goes down to 
1-2 GeV, similar to that prepared for the Larg protoDUNE’s
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Targets for DUNE
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New replica target measurements? 

-- requires DUNE/HyperK request based on experimental justification 
-- marked improvement of present detector setup
-- knowledge of replica target design is necessary. 

� probably not ready in 2020 but for later development

Further π/Κ/Λ cross-section measurements? 

-- there is a synergy with Cosmic ray community to take more data for 
production of particles and antiparticles

-- more precision on total cross-section necessary
-- this can be programmed now and will have long lasting impact. 

� probably the next thing to do
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Conclusions and advertisement

The importance of hadron production measurements was strongly emphasized by all
neutrino physics speakers. Many accelerator and atmospheric neutrino experiments
expressed interest in thin-target measurements. These range from very low beam
momenta to 120 GeV/c.

by another factor ~2
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present


