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Available data for simulations of neutrino beamlines 

Results for NF optimization 

HARP physics goals: 

 Input for prediction of neutrino fluxes for the   

MiniBooNE , SciBOONE and K2K experiments

 Pion/Kaon yield for the design of the proton 

driver of neutrino factories and  super-beams

 Input for precise calculation of the 

atmospheric neutrino flux and EAS

 Input for Monte Carlo generators (GEANT4, 

e.g. for LHC or space applications)

Low energy beams (K2K, NUFACT, MINIBoone, ..)  

: mainly HARP 

High Energy Beams (WANF, CNGS, NuMI, ..) : 

NA20, NA56/SPY,  MIPP, NA61/SHINE

In addition a lot of old non-dedicated 

experiments with small statistics and  high syst

errors
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Harp detector layout and data taken 

Ingredients to compute a n flux :

(and k) production cross section (use same target and 

proton energy as the proton driver of the experiment)

Reinteractions (take data with thin and thick target))

All the rest: simulation of the neutrino beamline:  an  

“easy” problem.

Two approaches:  full simulation with  hadronic MC 

(GEANT4, MARS, FLUKA) , fast simulation based on 

parametrization of hadroproduction data

HARP p-Be-> p
+
-X data 8.9 GeV/c:

M. G. Catanesi et al.,  Eur. Phys. J. C52 (2007) 29 

MiniBooNE with Harp input ,

A.A.Aguilar-Arevalo et al., Phys. ReV. Lett. 98 (2007) 

+

Cross-sections to be fed into neutrino factory studies to
find optimum design: Ta and Pb x-sections at large-
angle (see Eur. J. Phys C51 (2007) 787)

Useful references 

maximize +(-) production  

yield in target  as a function of:

•proton energy

•target material

•Geometry

•collection efficiency (p
L
,p

T
)

different simulations show 
large discrepancies for 
production distributions, both 
in shape and normalization. 
Experimental knowledge is 
rather poor

Aim: measure p
T

distribution with high 

precision for high Z targets
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80.8 %

Layout of a Neutrino Factory

(US study 2)
available data, to be compared with Harp  LA 

analysis

NA56/SPY

HARP

Simulation of neutrino   beams

Available data parametrizations 
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Sanford-Wang  empirical parametrization: 8 parameters, used for low 

energy beams (up to 30 GeV/c)
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The BMPT parametrization : empirical formula based on 

general physical argument, for high energy beams (see ref. 9) 

Approximate factorization in x and pt

(1-x)a behavior in the forward direction for x  1 

(quark counting rule)

xb behavior in for x  0 (non direct hadron 

formation mechanism )

Exponential fall in pt for soft interaction 

Comparison with Barton et al.  (100 

GeV/c) Application to the NUMI beam

HARP data and many others have been 

parametrized with formulas of this type. It is only an 

empirical parametrization.  

Fluka full simulation (+ reweighting with NA56/SPY 
data): WANF n beam  for NOMAD

BMPT fast simulation: CHARM II n beam

Both approachs point to good

hadron production data

http://harp.web.cern.ch/harp/Classified/PICTURES/Pictures/Harp/General/harp_exp_2001.jpg

