
1   NA61/SHINE experiment @ CERN 

Large-acceptance spectrometer 

Boris A. Popov 



2   NA61/SHINE for T2K (pC @ 31 GeV/c)

L.Zambelli’s PhD 



3   NA61/SHINE coverage for T2K (n mode) 



4   Comparison of K- spectra with models 
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● Fluxes are predicted from a data-driven simulation → NA61/SHINE 
experiment measures hadron production cross-sections using a thin carbon 
and a T2K replica target

● Beam alignment monitoring provides input 
to estimations of beam systematics

● INGRID detector provides high-statistics                                                                                  
   monitoring of the beam intensity, direction,                                                                           
                 profile and stability

Flux error reduction 
from ~25% to ~10%

Flux errors are further constrained with the ND280 analysis of  n
m
 and n

m 
CC events

The neutrino beam: flux predictions

Flux errors 

 mode 



6   p+RT @ 31 GeV/c analysis 



7   NA61/SHINE: T2K replica-target results

M.Pavin’s PhD 

Measured hadron
yields from second
longitudinal (18-cm
long) target bin
in a selected polar
angle interval.

Comparison with
model predictions.

These new data are
being prepared for
publication.

They will be used
for further reduction
of uncertainties on
(anti-)neutrino flux
in T2K, see later.



8   NA61/SHINE beyond 2020 

 NA61++

The usage of replica-target NA61/SHINE would allow for further improvement
in T2K (anti-)neutrino flux uncertainty (down to ~5%). Even better knowledge
is desired for T2K-II and Hyper-K. New measurements are planned for DUNE
and Hyper-K after the CERN LS2 (see, CERN-SPSC-2018-008):   
- improved measurements with T2K replica target, considering alternative
target material – Super-Sialon (Si

3
N

4
Al

2
O

3
);

- with additional tracking detectors surrounding the long target;
- hadron production with low momentum beam (<12 GeV/c). 

Preliminary 



9   NA61/SHINE beyond 2020 

 NA61++

Positive feedback received recently from the SPSC:

Documents submitted to the SPSC: 

https://cds.cern.ch/record/2309890 

https://cds.cern.ch/record/2621751

' The SPSC recognises the broad interest of the NA61 physics programme 
after Long Shutdown LS2 as outlined in the addenda 
CERN-SPSC-P-330-ADD-10/11.
The Committee recommends approval of beam times in 2021 for detector 
commissioning with hadron beams, for the measurement of hadron 
production with the T2K target with proton beams, and for the 
measurement of open charm production with Lead ion beams.'

Additional manpower would be required to execute all these measurements.

Truly European contribution to the future world-wide neutrino programme. 

https://cds.cern.ch/record/2309890
https://cds.cern.ch/record/2621751


10   Summary and conclusions 

LPNHE group made significant contributions to NA61/SHINE
The analysis of data samples collected for T2K 
(with a thin carbon target and a replica of the T2K target)
allowed to reach <10% uncertainty on (anti-)neutrino fluxes  

Many important hadron production results already published! 
The recently finalised analysis of the ultimate 2010 Replica 
Target data (Matej Pavin's PhD) could allow to further reduce 
the T2K flux uncertaities down to ~5%. Paper in preparation.
 
Given the success of the 'NA61/SHINE for T2K' program,
similar measurements are now being performed for Fermilab
neutrino beams.

Program of future measurements beyond 2020 is formulated.
Should be included into ESPP update!



11   Backup 
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