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Inadequacy of scaling arguments for neutrino cross sections
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The problem with the use of scaling arguments for simultaneous studies of different weak interaction
processes is discussed. When different neutrino scattering cross sections involving quite different momentum
transfers are being compared it is difficult to define a meaningful single scaling factor to renormalize calculated
cross sections. It has been suggested that the use of such scaling can be used to estimate high-energy neutrino
cross sections from low-energy neutrino cross sections. This argument has lead to questions on the consistency
of the magnitude of the Liquid Scintillating Neutrino DetectaSND) muon neutrino cross sections fC
relative to other lower-energy weak processes. The issue is revisited here and from inspection of the structure
of the form factors involved it is seen that the problem arises from a poor description of the transition form
factors at high-momentum transfer. When wave functions that reproduce the transverse magnetic inelastic
(e, &) scattering form factor for the 15.11 MeV state’fiC are used there is no longer a need for scaling the
axial current, and the different weak interactions rates involvingTth# 1" triplet in mass 12 are consistent
with one another.
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Quenching of spin matrix elements relative to model pre-ture were found to give very similar predictions far, €)
dictions is a common phenomenon in nuclear structure caland (v,, u~) scattering up to momentum transfers of about
culations[1]. There are a number of reasons that this occurs100—-200 MeV¢, provided the axial vector coupling constant
including inadequate model wave functions and the need twas scaled separately for each model. All of the scaled mod-
include meson exchange and relativistic corrections to thels examined were in reasonable agreement with the mea-
operators involved. For low-energyl v transitions, mag- sured Liquid Scintillating Neutrino Detect@gt SND) cross
netic moments, and Gamow-Tellg decays effective one- sections. More recently, Auerbach and Broyf) have ex-
body operator have been derived from calculatiph®] of = amined quenching of the weak axial isovector strength in
the higher order corrections to both the wave functions angb-shell nuclei within the shell model using a single
the bare operators, and from empirical fi8$ to a large body momentum-independent quenching factor. They found that a
of data. The simplest effective one-body operators involve &ingle quenching factor worked reasonably well for the
scaling of the orbital and spin gyromagnetic ratios appearingpwer-momentum transfer processes but not for the LSND
in the magnetic operators and a scaling of the axial vectofr,, u~) neutrino cross section otC from pion decay-in-
coupling constant for the weak interaction Gamow-Tellerflight neutrinos (DIF) [8], where the average momentum
strength. transfer is~200 MeVk. They concluded that the failure of

For weak interaction processes involving higher-the model to reproduce the DIF cross section with the same
momentum transfers, such as energetic neutrino scatterimgienching factor needed for the low-momentum transfer
and muon capture, the issue of effective operators becomegeak processes was evidence for a systematic problem with
more complicated because of the possible need for #he LSND DIF data.
momentum-dependent effective coupling constants. Si- In this Brief Report | discuss the difficulties that arise
iskonenet al. [4] have examined the quenching of the axial from the use of a momentum-independent scaling factor or
vector coupling by calculating corrections to the bare operaeffective axial coupling constant. In general, such scaling
tor within the shell model. They found that the quenchingcannot be used to describe weak interaction processes in-
factor remains approximately constant up to aboutvolving quite different momentum transfers. Unless the
60 MeV/c, above which it becomes momentum dependentmodel used is known to provide a reasonable description of
Cowell and Pandharipandg5] have calculated the the semileptonigor electromagneticform factor at the mo-
momentum-dependent quenching of the weak charge currententum transfers of interegas was the case in Ref6)),
in nucleon matter and found that most of the quenching iestimates of high-energy neutrino cross sections from experi-
due to spin-isospin correlations induced by one pion eximentally determined cross sections for lower-energy neutrino
change interactions. spectra(or w capturg are unlikely to be reliable. As dis-

A momentum-independent scaling to estimate neutrin@ussed below, such arguments provide no evidence for a
cross sections has been used by Erggedl. [6] and Auer-  problem with the LSND DIF cross sections. Rather they sug-
bach and Browij7]. Engelet al. [6] examined the transition gest a shortcoming in the model used.
to the I T=1 isospin triplet in mass 12 and determined the The problem with simple scaling arguments can be dem-
axial quenching factor fronB decay. Different models that onstrated by examining model predictions for the transition
had been fitted to various combinations of the electron scato the T=1 1* isospin triplet in mass 12, for which there are
tering transverse magnetic form factgrdecay, andu cap-  extensive experimental data. Withirpsshell model the one-

0556-2813/2003/68)/0673023)/$20.00 68 067302-1 ©2003 The American Physical Society



BRIEF REPORTS PHYSICAL REVIEW &8, 067302(2003

body transition is completely described by specifying four 10~
one-body density matrix element®BDMESs) and the oscil-
lator parameteb. Several authorgs,9—11 have obtained fits
to the OBDMEs and the oscillator parameter from different
combinations of the available experimental data. Compari-
sons of the predictions of these fitted models for neutrino
scattering have been presented in R6f.

There are four basic single particle operators that contrib-
ute to theT=1 1* transition in mass 12. In general, tde 10 =
=1* electron scattering form factor can be expressed as
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wherey=(b/2)%,f,(q) is the single nucleon form factor, 107
and f.,(q) is the c.m. correction. The coefficients L 200 /c
A,B,C,D,... are determined by both the structure of the QBLeyiC)
operatorT™and the OBDMEs describing the transition.  £G. 1. The transverse magnetic electron scattering form factor
A similar expression holds for the axial form factor con- for the 15.11 MeVT=1 1* state in*2C. The solid(dashedl curve is

tributing to neutrino scattering. the Cohen-Kurath prediction usitg=1.64 fm(1.89 fm). The verti-

If the coefficientA can be determined fron decay or cal lines show the average momentum transfer for DARapture,
some other lowg observablgas is the case for the"tran-  and DIF.

sition in mass 1P then those weak interaction processes for
which A>By are likely to be well described by simply scal- needed for the transverse magneige’) form factor. The
ing the model form factors t&\. However, for processes difference in the predicted shape of tteze’) form factor for
involving momentum transfers approachimg~ (4A/b°B)  these two oscillator parameters for the CK wave functions is
g-independent scaling arguments are invalid. To correct foshown in Fig. 1. Also shown are the average momentum
an inadequate model description of the higher terms inransfers involved in muon capture, the, €) cross section
y,Yy? ... in the form factors one has to calculate explicitly afrom neutrino produced from the decay of the pion at rest
momentum-dependent effective scaling. Alternatively, theg DAR), and the LSND DIF cross sections. The large differ-
model can be adjuste@r fitted) to provide a good descrip- ence between the predicted and measured shape for the
tion of the (g, €’) form factor up to momentum transfers of (e, ') form factor makes it impossible to find a momentum-
interest, see Ref§6,9—11. In the case of the*ltransition in  independent scaling correction to the CK prediction, espe-
mass 12, the magnitude of the second term in(éhe’) form  cially for b=164 fm. It is also clear from Fig. 1 that of the
factor becomes equal to the first at about 250 MeVWhus, three weak processes considered the LSND DIF cross section
the termBy is an important contribution to the LSND DIF is the most difficult to reproduce by simply quenching the
cross section, and a simple scaling of the model to reproducaxial vector coupling.
the termA is not sufficient. Table | lists the predicted weak interaction rates for the
A simple demonstration of the problem is obtained byCK wave functions using the two different oscillator param-
considering what happens if one simply changes the oscillaeters. Fob=1.64 fm, the muon captuif@3] and(v,, €) neu-
tor parameter for a given model calculation. This clearly hadrino cross section$l2] are in reasonable agreement with
the effect of changing the relative magnitudes of the teins  experiment, being about 10% too high. However, (thg «)
By, Cy?, and therefore of changing the predicted ratio of thecross section is 50% too high. This is consistent with the
different neutrino cross sections. For the @KL6) OBDMEs  calculations of Auerbach and Brown who use the same size
A=-0.468 andB=0.226. Increasing the oscillator parametermodel spaceb=164 fm, but a differenp-shell interaction.
shifts the position of the first minimum in the form factor and These latter calculations predict the muon capture rate and
generally shifts the form factor to loweg An oscillator pa-  the (1, €) cross section about 60% too high and (g, ")
rameter ofb=1.64 fm is needed to fit th&C ground state cross section about 212% too high. Although, the CK wave
rms radius, while a larger value=1.82—1.888 fn{10,11 is  functions are considerably closer to experiment, the two cal-

TABLE I. Predicted weak interaction rates for th&—T=1 1* transitions. The units are 1% cm? for
the (v, €) DAR cross section, T6° cn? for (v,, 1) DIF cross section and $&ec? for muon capture.

Interaction CKb=1.64 fm CKb=1.888 fm Auerbach+Brown Experiment
(ve, €) 9.93 9.5 14.6 8.9+0.3+£0.p12]
(v ) 0.922 0.66 1.4 0.56+0.08+0.08]
M capture 6.41 5.6 9.4 6.0+£0[43]
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culations show about the same level of discrepancy betweenhere the shape of the form factors involved is correctly
the low g and highq weak processes. In strong contrast, thepredicted. Otherwise, the use of such a scaling factor can
CK model predictions fob=1.888 fm provide a reasonable produce quite unreliable results, particularly for higher
description of each of the three weak interaction processesiomentum transfer processes where the shell model calcu-
and the predictions agree with experiment within the quotedations restricted one-body weak currents have traditionally
experimental uncertainties. This is not surprising since théad difficulty. In contrast to the conclusions of Auerbach
model fits the(e, ') form factor reasonably well up to the and Brown, we find no evidence for a problem with the
average momentum transfer involved in all three weak proLSND DIF exclusive cross section. This is in agreement with
cesses. It does, however, simply demonstrate the increaséite findings of Refs.[6,14. The shortcomings of a
importance of the higher order terms in Ed) for the DIF  momentum-independent quenching of the axial vector cou-
cross section and hence the danger in approximating thgling constant is likely to be even worse for the LSND in-
g-dependent core-polarization corrections to weak interacelusive DIF cross section. There the final states are unbound
tion form factors by ag-independent scaling. and cannot be described with harmonic oscillator wave func-

A single effective coupling constant or scaling factor tions, and the cross section is difficult to predict accurately
works only for processes involving momentum transfers[15].
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