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Long target measurements for Future Neutrino experiments

Here mostly concentrates on T2K/T2K-II/HyperK beam

Believe most would apply for DUNE 

-- longer target

-- higher energy particles so different PID probably needed

(RICH?) 
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2009
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2009

Observe that even if FLUKA is reweighted to account for thin target measts

a discrepancy is still observed in the early part of the target. 

absorption length error?  experimental error in early part of  target? 
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estimated errors from pion production (not the complete set of errors. 

2009
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5 times more data in 2010 

– four different simultaneous triggers 

-- high field data

-- doing the kaons too.   
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Popov

Dominant (and curable)

-- backward extrapolation

-- reconstruction efficiency

-- PID, TOF efficiency etc…
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Uncertainty of backward extrapolated track on longitudinal intercept is

amplified by 1/ !

On first and last bin there is only migration from one neighbour asymmetric. 

 need measurement point closer to  target

measurements

in TPC
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or this?

Cheap, but delicate. No need to build new detector, 

 but does not address very well the issue for low angle tracks.  
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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. 

Better: 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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We know that replica target are essential but we have seen limitations 
in the long target measurement of 2009 and 2010 

-- backward extrapolation delicate
-- some lack of confidence on observation of the particle production 

on early part of target.  Cross-section issue or extrapolation issue? 
-- best is to  surround the long target with appropriate pixel  devices

-- knowledge of material around beginning of target  need to do empty target data. 

-- the error due to reconstruction efficiency should be fixed
-- not clear what the angular or momentum or particle type dependencies are
-- too large for a TPC based detector with > 70 points per track

-- need a campaign of dedicated data with empty target and various momenta
to measure reconstruction efficiency

-- may also think of replacing GAP TPC with a more stable and fast device.  
(drift chambers,  MWPC’s?)
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Conclusions

With the advent of the giant neutrino experiments DUNE and HYPERK, NA61 data 
will become more and more important. 

We must be even more confident in the quality of our data and of the systematics. 
For this, design the data taking and analysis even more carefully. 

Simulation but also careful and critical thinking is needed.  

For the long target several sources of uncertainties have been identified that can be
improved
-- additional tracking to improve extrapolation from spectrometer to target

sci-fi and or sci-pix
-- empty target data with various momenta and mag field to establish reconstruction 

efficiency. 
-- increase statistics (e.g. target position can be refined from data themselves). 

we should now design the next generation data taking for neutrinos in NA61, 
so that they are available for T2K flux before 2020. 


