
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Measurement of differential cross-sections and structure functions in neutrino
and anti-neutrino scattering on lead

Oldeman, R.G.C.

Publication date
2000

Link to publication

Citation for published version (APA):
Oldeman, R. G. C. (2000). Measurement of differential cross-sections and structure functions
in neutrino and anti-neutrino scattering on lead. [Thesis, externally prepared, Universiteit van
Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/measurement-of-differential-crosssections-and-structure-functions-in-neutrino-and-antineutrino-scattering-on-lead(3cb98fe2-1ec0-4c45-a879-27641d1dcbf1).html


Summary y 

Thee inner structure of the nucleon can be studied through scattering experiments. The 
analysiss of deep inelastic scattering showed that it can be described as elastic scattering 
offf  the quark constituents of the nucleon. Neutrinos, being neutral leptons with a well-
definedd helicity state, interact only via the weak interaction and allow to distinguish 
thee quark and anti-quark contents of the nucleon. 

AA large sample of neutrino and anti-neutrino interactions has been recorded in 1998 
usingg the CHORUS detector. The neutrinos originated from the decay of pions and 
kaons,, produced in hadronic interactions of 450 GeV protons on a beryllium target, 
andd focused by two pulsed toroidal magnets. The focusing system allows to select 
thee charge of the secondary mesons, producing a beam of predominantly neutrinos or 
anti-neutrinos. . 

Thee CHORUS lead-scintillator calorimeter was used as an active target, also mea-
suringg the energy of the hadronic final state. The momentum and scattering angle 
off  the outgoing muon were measured in a magnetized iron spectrometer. Scintillators 
embeddedd in the iron were used to extend the calorimetric system. The absolute en-
ergyy scale of the calorimeter system was calibrated using beams of momentum-selected 
pions. . 

Neutrinoss with an energy between 10 and 200 GeV were selected for the analysis. 
Afterr cuts, the data sample comprises about 1.1 million neutrino interactions and 230 
thousandd anti-neutrino interactions. 

AA fast Monte Carlo simulation has been developed to correct for the acceptance 
andd the experimental resolution. The underlying cross-section model is based on the 
GRV94LOO parton distributions, with modifications to allow for a non-zero longitudinal 
cross-sectionn and nuclear effects. A phenomenological correction is applied to improve 
thee description of the data at low Q2. 

Sincee the flux and energy spectrum of the incident neutrinos are not a-priori known 
withh sufficient precision, they were measured using the data and the world average 
(anti-)neutrino-nucleonn cross-sections. Both the neutrino and the anti-neutrino compo-
nentt in the beam have been determined for neutrino and anti-neutrino beam operation 
andd for unfocused beam operation. In general, the results agree with the predictions 
fromm a beam simulation, based on the FLUKA97 hadronic interaction generator. How-
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ever,, the comparison indicates that the focusing system is somewhat less effective than 
simulated,, and that the anti-neutrino yield is lower than simulated by about 10%. 

Thee neutrino-nucleon and anti-neutrino-nucleon differential cross-sections have been 
measuredd in the range 0.01 < x < 0.7, 0.05 <y < 0.95, 10 < Ev < 200 GeV. The dominant 
systematicc uncertainties arise from a 5% uncertainty on the hadronic energy scale and 
aa 2.5% uncertainty on the muon momentum scale. The measured x-dependence is 
foundd to differ significantly from the CDHSW measurement. 

Neutrino-nucleonn structure functions have been determined using the measured dif-
ferentiall  cross-sections, corrected for radiative effects and for the non-isoscalarity of the 
targett material. Three different methods are used to extract structure functions. In 
thee first procedure, the structure functions 2xFi, F2 and xF3 are determined simulta-
neouslyy for neutrinos and anti-neutrinos. This extraction is independent of the physics 
model,, but yields highly correlated results and poor statistical precision. No significant 
differencee is observed between the neutrino- and anti-neutrino structure functions. In 
thee second procedure, the structure functions 2xFi, F2, and xF3, averaged over neutri-
noss and anti-neutrinos, are measured, using the relations 2xF{ = 2xF", F% = F%, and 
constrainingg the values of AxF3 = xF% - xF%. Using this procedure, a measurement 
off  R = <JL/OT is performed. The result is found to be in reasonable agreement with the 
SLACC R1990 parameterization. In the third procedure, the values of R are constrained 
too those of the SLAC R1990 parameterization. This procedure yields the statistically 
mostt precise values of F2 and xF3. The present results are compared with those of 
twoo other neutrino experiments: they differ significantly from CDHSW in the region 
off  overlap, but are in agreement with the results of the CCFR experiment. 


