COHERENT SCATTERING

E.A. Paschos

(Irvine, Dec. 14, 2002)

The theory of neutrino interactions at various
energies has been very useful. Analyses of data
are becoming accurate and reliable.

It has become evident that some earlier
calculations make ad hoc assumptions, which
can be eliminated.




The work in Germany was done in collaboration
with :

J.-Y. Yu, I. Schienbein, F. van Horsten, and

A. Kartavtsev;

I also worked closely with Dr. M. Sakuda in
Japan.
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INTRODUCTION

Small Q*data have uncertainties to be
clarified. One must explain
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Coherent Scattering

Absorption

Dependence of Form Factors  g,(0%), -

Coherent scattering means that the entire
region within the wavelength of incoming
particles, or wavelength of momentum
transfer to the Nucleus, contributes to the
amplitude.

Radii of Nuclei determine the Q * - vavge-
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Strategy for extracting coherent components

1. Plot the t-dependence
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Identify forward peak
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2. QSL dependence (

3. Azimuthal Depencence

do ~ A+ B cos¢ +C cos2¢

In the model of Rein + Sehgal or Belkov +

Kopeliovich ones uses the formula
[see Willocq et al., Phys. Rev. D47 (1993) 2661]
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There are several assumptions going into
this formula, especially for Pion-Nucleus
Scattering
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From 74 +v; g2 = 0.024 GeV

upper bound from -decay, entire decay
is resonant

Axial Meson Dominance (AMD)

g, ~g from Weinberg’s
sum rule

The coefficient in the exponential b
has still a large uncertainty.
There is a large range for b-reported

GeVi b ~ 20 .. 33 ... 80
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Fig. 6. Compilation of experiments on coherent single pion production. Shown are the results from both neutral current
[1-4} and charged current {4-9] data, for neutrino and antineutrino induced interactions. The FNAL (8,9] values from
combined neutrino and antineutrino data have been included in the upper diagram. For this experiment the results for the
visible cross section were corrected for the selection of £5 > 5 GeV according to the Bel'kov-Kopeliovich approach. Data
from other experiments have been scaled, where necessary, 10 allow comparison. The predictions of the Rein-Sehgal model
(full line) and of the Bel'kov-Kopeliovich model (dashed line) are indicated.

C‘f\&.rm Co \\O\Qo‘(‘uk{ow (Vé’/g ‘}'3

274




A 1g DATA
R —see————
Mg [¢WASSv
: :q +WASY V
.AAOO o CHARM
€ 20|
/4
4
i . b " "
M 0 S0 00
"33 Ey (GV)
. 4‘?
hsi iy

Fig3 Cross section for coherent n* production by v interactions
% on neon, as a function of the v energy E,; the curves are the predic-
[ tions of the model for two choices of the axial-vector mass m,.
B} Data foc #° production in the CHARM experiment have been scaled

I to correspond to charged current interactions on neon
oS
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tions of |t} and t' =|t|—tni, Where tmlnz(Q—;-;n—‘)
is the square of the minimum 4-momentum transfered
to the nucleus when a pion of energy v is produced
at a given Q2 The solid curves superimposed on the
distributions are the predictions of the model given
in the appendix with m,=1260GeV; if m, is taken
. to be 1.100 GeV, the curves are nearly indistinguish-
able. Table 2 gives the mean values for the distribu-
tions of Fig.4. One observes that, given the small
statistics, the agreement is good between the data and
the mode! predictions for all kinematical variables.
In conclusion, the coherent * production in neu-
trino interactions on _neon nuclei has been studied
in the energy rangé between 5 and 150 GeV. The ab-
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FIG. 12. Decay angular distributions of (a) cosf and (b) az-
imuthal angle @ for the final state u~p7* with M(p7*)<1.4
GeV and 0.5<E,<6.0 GeV. The solid curves are obtained
from the measured density matrix elements. The dashed curves
are the predictions of the Adler model with M, =1.28 GeV.
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3 o. FACTORIZATION THEOREM
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