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Neutrino beam delivered by the 

CERN proton synchrotron (PS) 

A high intensity 1013 protons per 

pulse.

An inner conductor for the new neutrino "reflector".
CERN Courier Archive



CC Coherent Pion Production by Neutrinos

4 Aaron Higuera, Universidad de GuanajuatoNew Perspectives 2013, Fermilab USA

1978 
Aachen-Padova 

(CERN)
Phys. Rev. Lett. 41

νμ+e      νμ+e

 found an excess 
of showers

time



CC Coherent Pion Production by Neutrinos

5 Aaron Higuera, Universidad de GuanajuatoNew Perspectives 2013, Fermilab USA

1978 
Aachen-Padova 

(CERN)
Phys. Rev. Lett. 41

νμ+e      νμ+e

 found an excess 
of showers

1981 
Phys.  Lett 104B.

Rein-Sehgal

ν+A      ν+A+γ

coherent emission
of a photon

time



CC Coherent Pion Production by Neutrinos

6 Aaron Higuera, Universidad de GuanajuatoNew Perspectives 2013, Fermilab USA

1978 
Aachen-Padova 

(CERN)
Phys. Rev. Lett. 41

νμ+e      νμ+e

 found an excess 
of showers

1981 
Phys.  Lett 104B.

Rein-Sehgal

ν+A      ν+A+γ

coherent emission
of a photon

When coherent photons 
are predicted to be 
present, an excess of 
events localized at the 
very forward directions 
cannot be explained by 
the coherent-photon 
mechanism alone

time



CC Coherent Pion Production by Neutrinos

7 Aaron Higuera, Universidad de GuanajuatoNew Perspectives 2013, Fermilab USA

1978 
Aachen-Padova 

(CERN)
Phys. Rev. Lett. 41

νμ+e      νμ+e

 found an excess 
of showers

1981 
Phys.  Lett 104B.

Rein-Sehgal

ν+A      ν+A+γ

coherent emission
of a photon

1983 
Nucl. Phys. B229

Rein-Sehgal

ν+A        ν+A+πº

coherent pion
 production

(PCAC)

time



CC Coherent Pion Production by Neutrinos

8 Aaron Higuera, Universidad de GuanajuatoNew Perspectives 2013, Fermilab USA

ν+A       ν+A+πº

A(Z,n)

πº

ν

ν

Alder’s theorem (Phys. Rev. 135, B963) and 
Partially Conserved Axial Current

(PCAC)

relates the weak interaction process 
νl + α → l + β in the forward direction 
(Q2 = 0) to the hadronic interaction 
process π + α → β 

3

III. COHERENT PION PRODUCTION BY NEUTRINOS IN THE PCAC REGIME

The process of coherent pion production by neutrinos implies that the nucleus does not break up or alter its quantum
numbers during the process.

νl(k) +A(p) → l−(k�) +A(p�) + π+(pπ) (13)

It follows from this that the momentum transfer to the nucleus cannot be too large, otherwise the struck nucleon
would be knocked out. Because of this the coherent interactions are essentially diffractive, characterized by an
exponentially falling momentum transfer to the nucleus distribution and a forward outgoing pion. The coherent cross
section also depends on the atomic mass number of the nucleus.

As we mentioned in Section I The Aachen-Padova collaboration observed an excess of events localized to very
forward directions of the neutrino interactions, so that coherent pion production by neutrinos becomes a natural
candidate for explaining such interactions and at the same time providing a test for PCAC hypothesis. In this section
we compare coherent models based on PCAC and their implications. A very different approach describes coherent
pion production at very lows energies as the excitation of the Resonance and includes modifications through nuclear
medium effects demanding that the nucleus remain in its ground state [18–22].

The first PCAC model to analyze will be the Rein-Sehgal model [23]. The authors estimate the coherent cross
section by neutral current, using Adlers PCAC theorem [17]. The cross section is written as

�
dσ

dx dy dt

�

Q2=0

=
G2

FME

2π2
f2
π(1− y)

dσ(π0 +A → π0 +A)

dt
(14)

where q = k − k� is the momentum and energy transfer between incoming neutrino and outgoing lepton, Q2 = −q2

x = Q2/2Mν, y = v/E, M is the nucleon mass, t = (pπ −q)2 is the transfer momentum to the nucleus. The Eq. (14)
express the forward neutrino cross section at the nucleus N in terms of the cross section for the hadronic interaction
process π0 + A → π0 + A. The authors in [23] developed a hadronic model in order to expressed the pion-nucleus
differential cross section in terms of the pion-nucleon differential cross section as

dσ(π0 +A → π0 +A)

dt
= A2|FA(t)|2

dσ(π0 +N → π0 +N)

dt
|t=0 (15)

Where A is the number of nucleons within the nucleus, |FA(t)|2 = e−b|t|Fabs is the nuclear form factor which include
an absorption factor and dσ(π0 + N → π0 + N)/dt |t=0 is the pion nucleon differential cross section in the forward
direction. With the aid of the optical theorem the authors in [23] find

dσ(π0 +N → π0 +N)

dt
=

1

16π
[σπ0N

tot ]2(1 + r2) (16)

The authors also have provided this formula for the non-forward directions (Q2 �= 0) by adding a propagator term,

with σπ0N
tot → σπN

tot . The Rein-Sehgal triple differential cross section for the reaction (13) is given by

dσ

dx dy dt
=

G2
FMf2

πA
2

2π2
E(1− y)

1

16π
(σπN

tot )
2(1 + r2)

�
m2

A

m2
A +Q2

�2

e−b|t|Fabs (17)

where σπN is the pion-nucleon cross section, r defined as the ratio between the real and imaginary parts of the forward
pion-nucleon scattering amplitude r = RefπN (0)/ImfπN (0), b = 1/3R2, (R = R0A1/3) with R the nuclear radius
and Fabs given by.

Fabs = exp

�
− 9A1/3

16πR2
0

σπN
inel

�
(18)

There is an updated version of the original Rein-Sehgal model and its extension to charged current reactions made
by Berger and Sehgal [24], where instead of using models for pion nucleus scattering as used in [23], the available
data on pion-carbon scattering are implemented in the numerical analysis. The Berger-Sehgal triple differential cross
section for the reaction (13) is given by

dσ

dQ2 dy dt
=

G2
F cos

2θcf2
π

2π2

E

|�q|uv
��

GA − 1

2

Q2
min

Q2 +m2
π

�2

+
y

4
(Q2 −Q2

min)
Q2

min

Q2 +m2
π

�
dσπA

dt
(19)

�
1 +

Q2

M2
A

�2

Q2 �=0•Two final states µ– + π+

•Small Q2

•Nucleus remains in its 
ground state
•Small t =(q-pπ)2
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Rein-Sehgal model agrees with the high energy existing data.

Is there CC coherent pion production at low energies (few 
GeVs)?

There are new models that predict a small cross section for 
coherent scattering specially at low energies (Paschos-Schalla, 
Berge-Sehgal, etc).

MINERvA has analyzed 1/3 of its neutrino data on disk in order to 
isolate coherent pion production candidates.

MINERvA will compare its results with the new models.

Stay tuned for results soon!!!
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There is an updated version of the original Rein-Sehgal model and its 
extension to charged current reactions made by Berger and Sehgal, 
where instead of using models for pion nucleus scattering as used in the 
uses actual data (pion elastic scattering on C) Phys. Rev. D79, 053003 
(2009).

Another model especially suited for charged current coherent scattering 
has been developed by Gounaris, Kartavtsev and Paschos and 
extended by Paschos and Schalla. As in the previous model πA 
scattering data are used. This model incorporates the pion-nucleus cross 
section into the neutrino scattering and uses the lepton mass exactly 
Phys. Rev D74, 054007 (2006) and Phys. Rev D80, 033305 (2009).

A very different approach describes coherent pion production at very 
lows energies as the excitation of the Resonance and includes 
modifications through nuclear medium effects demanding that the 
nucleus remain in its ground state. 


