
Inclusive neutrino scattering in 12C 

Impact 
• The success of the domestic and international 

accelerator-neutrino program  relies on accurate 
estimates of neutrino-nucleus cross sections  with 
quantified uncertainties;

• We employ realistic two- and three-nucleon 
interactions and nuclear electroweak currents with 
one-and two-nucleon terms that are consistent with 
these interactions;

• Numerically exact quantum Monte Carlo methods 
are utilized to compute the nuclear weak response 
functions;

• Our results are in good agreement with MiniBooNE 
and T2K data, yielding a consistent picture of nuclei 
and their electroweak properties across a wide 
regime of energy and momenta;

Accomplishments  
• A.	Lovato,	J.	Carlson,	S.	Gandolfi,	N.	Rocco,	and	
R.	Schiavilla,	Phys.	Rev.	X	10,	031068	(2020)

Objectives 
• Carry out an ab initio calculation of the neutrino and 

anti-neutrino flux-folded inclusive cross sections, 
measured on 12C by the MiniBooNE and T2K 
collaborations in the quasi-elastic regime. 

• Study the sensitivity of the inclusive cross section to 
the parametrization of the single-nucleon axial form 
factor, including a a very recent lattice QCD 
determination. 

Neutrino	scaGering	on	12C	with	one	(green)	and	one	plus	two-body	
currents	(blue)	compared	to	MiniBooNE	experimental	data
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FIG. 4. MiniBooNE flux-folded double di↵erential cross sections per target neutron for ⌫µ-CCQE scattering on 12C, displayed
as a function of the muon kinetic energy (Tµ) for di↵erent ranges of cos ✓µ. The experimental data and their shape uncertainties
are from Ref. [46]. The additional 10.7% normalization uncertainty is not shown here. Calculated cross sections are obtained
with ⇤A =1.0 GeV.

E ⇡ 20 MeV). The remaining terms in the �-function
are the final energies of the struck nucleon and recoiling
(A–1) system of mass mA�1. From these R

PWIA
↵�

we ob-
tain the corresponding flux-folded cross sections shown
in Figs. 4 and 5 by the short-dashed (black) line labeled
PWIA. Also shown in this figure by the dot-dashed (pur-
ple) line (labeled PWIA-R) are PWIA cross sections ob-
tained by first fixing the nucleon electroweak form factor
entering x↵�(p,q,!) at Q2

qe, and then rescaling the vari-
ous response functions by ratios of these form factors, as
indicated in Sec. II B.

A couple of comments are in order. First, the cross
sections in PWIA are to be compared to those obtained
with the GFMC method by including only one-body cur-
rents (curves labeled GFMC 1b): they are found to be
systematically larger than the GFMC predictions, par-
ticularly at forward angles. Furthermore, it appears that
the (spurious) excess strength in the PWIA cross sections
(in the same forward-angle kinematics) matches the in-

crease produced by two-body currents in the GFMC cal-
culations (di↵erence between the GFMC 1b and GFMC
12b curves). This should be viewed as accidental.

Second, the PWIA and PWIA-R cross sections are
very close to each other, except in the ⌫ case at back-
ward angles. In this kinematical regime there are large
cancelations between the dominant terms proportional
to the transverse and interference response functions; in-
deed, as ✓µ changes from 0� to about 90�, the ⌫ cross
section drops by an order of magnitude. As already
noted, these cancellations are also observed in the com-
plete (GFMC 12b) calculation, and lead to the rather
broad uncertainty bands in Fig. 5. Aside from this qual-
ification, however, the closeness between the PWIA and
PWIA-R results provides corroboration for the validity
of the rescaling procedure of the electroweak form fac-
tors, needed to carry out the GFMC computation of the
Euclidean response functions.


