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 Secondary Particle Yield (SPY) from 450 GeV/c protons on 

beryllium targets 

 almost 15 year old experiment! 

 motivations, experimental strategy 

 no details on instrumentation, analysis procedures… 

 Direct use of the SPY data 

 flux predictions for WANF and CNGS neutrino beams at CERN 

 xF, pT parameterization of the hadronic invariant cross section 

based on SPY and Atherton et al data (BMPT) 

 Use and limitations of the BMPT parameterization 



Some history…. 



Single arm spectrometer on the H2 line 



H.W. Atherton et al, CERN 80-07 
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SPY 

 In the second half of 90’s 

• to cover the lower momentum range of secondary particles 

• in support of neutrino flux prediction of the reconfigured WANF for the 

NOMAD & CHORUS experiments 

• also motivated by an idea of a lower energy neutrino beam (Eν~6 GeV) 

with a LAr TPC detector for a short baseline νμ→ντ and νμ→νe oscillation 

experiment (M. Bonesini et al, SPSLC/I205) 



CERN WANF beam 

 450 GeV protons impinging on a beryllium target 

 protons are extracted in two 4 ms long spills separated by 2.6 s 

 the target is made up by 11 beryllium rods, 10 cm long and 3 mm in 

diameter, separated by 9 cm gaps  



H6 beam spectrometer 

Using NA52 spectrometer in the H6 beam line of North Area at CERN  



Collected data on Beryllium targets 

T9: a 300mm thick target 

consisting of three Be rods of 

100mm length and 3mm diameter 

interleaved by 90 mm of air 



Experimental strategy 

 Trigger 
 The trigger is based on two independent trigger signals formed at 268 m 

(trigger A=TOF2B1) and 505 m (trigger B=TOF4B2) downstream of the 

target. In addition, the information of the threshold Cherenkov counters 

are used in anti-coincidence to veto or downscale particles above 

threshold 

 Acceptance and transmission evaluation 
 

 

 the spectrometer acceptance has been derived with an accuracy between 

5% and 10% depending on the beam momentum, dominated by the 

accuracy of the phase-space acceptance at high momenta and of the 

beam line transmission at low momenta 

 Correction for particle decay and determination of the beam 

momentum 
 raw yields of secondary mesons are multiplied by a factor given by 

 
 beam momentum determination by TOF 



Particle yields 

 particle yields in the forward direction for the 100mm Be target 

 data are corrected for the contribution of strange particle decays 

 Atherton et al. particle yields have been rescaled by (450/400)2, 

see relation between invariant cross-section and yields 



Particle ratios 

 particle production ratios for the 

100mm Be target in the forward 

direction 

 open (full) dots refer to 

negative (positive) particles 



Angular 

dependance 

 particle yields at 40 and 15 

GeV/c for the 100mm Be target 

 open (full) dots refer to 

negative (positive) particles 

 data corrected for contribution 

of strange particle decays 

 particle production ratios at 40 

and 15 GeV/c for the 100mm 

Be target 

 open (full) dots refer to 

negative (positive) particles 

 data corrected for contribution 

of strange particle decays 



Inclusive invariant cross sections in forward 

direction 

 derived for secondary momenta at which particle yields from targets of at least two 

different thicknesses have been measured 

 tertiary production accounted for by extrapolating the results to zero target thickness 



Prediction of ν fluxes in NOMAD I 

NIM A515 (2003) 800–828 

 pion yields from 

p–Be interactions 

 histograms are 

FLUKA 2000 

predictions 

 points are SPY 

and Atherton et al. 

data 



Prediction of ν fluxes in NOMAD II 

FLUKA 2000 reweighting 

functions for NOMAD 

neutrino flux 

determination 



BMPT 

 in order to make SPY and Atherton et al.  measurements of general applicability, 

measured single-particle yields on Beryllium have been converted to single-

particle invariant cross sections, correcting for target efficiency and tertiary 

particle production 

 data has been empirically parameterized as a function of the transverse 

momentum (pT) and the scaling variable xR = E∗/E∗
max, defined as the ratio of 

the energy of the detected particle in the centre-of-momentum frame and the 

maximum energy kinematically available to the detected particle, with a formula 

based on general physical arguments 

Eur. Phys. J. C 20, 13–27 (2001) 



Parameterization of pion data 



Parameterization of Kaon data 



WANF ν and ν fluxes at the 

CHARM II detector 

the dotted lines are experimental data from CHARM II, the continuous line is the BMPT 

based simulation 



CNGS neutrino fluxes 

Comparison between FLUKA/GEANT simulation (dotted lines) and the 

BMPT based simulation (continuous line) 



BMPT fits to the NA61 π data 

 The BMPT parameterization is 

used to extrapolate the data into 

the uncovered region 

 The uncertainty in the FLUKA 

model in the uncovered region is 

estimated as the change in flux 

when the production is reweighted 

by the BMPT fits  

T2K neutrino flux predictions 
arXiv:1211.0469 [hep-ex]  



Parametrization of K
+
 production in p-Be collisions 

at low energy using Feynman scaling 

C. Mariani et al., 

Phys Rev D84, 114021 (2011) 

parameterization of secondary 

K+ for experiments with primary 

protons from 8.89 to 24 GeV/c 

directly extrapolated from 
400-450 GeV/c data 



Final considerations 

 SPY has provided useful data for the predictions of the WANF and 

CNGS neutrino beams at CERN 

 precise measurements for a set of discrete points, 5% to 10% for 

particle yields, depending on beam momentum, ~3% for particle 

production ratios 

 the last of the “beam-spectrometer-like” hadro-production 

experiments? 

 xF (xR), pT parameterization of hadronic invariant cross section 

production based on the combination of SPY and Atherton et al. data 

(BMPT) 

 BMPT is not a theoretical model, but a parameterization based on 

general physical arguments 

 care should be used when extrapolating the original parameterization, 

derived from 400 and 450 GeV proton data, to considerably lower 

energies 

 best to refit available experimental data in the energy range of interest 

(a good tool to combine sparse data)   

 very useful for fast MC approaches 



Backup 



Particle transmission in SPY 



Beam momentum determination 

in SPY 


