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Motivation :

1. Explore some aspects of hadron dynamics/structure, no

accessible with electrons/photons, by using a weak probe

2. First step to study neutrino–nucleus inclusive scat-

tering above the QE peak
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Theoretical knowledge of

the one pion cross section

is important to carry out

a precise data analysis...

Furthermore...

Pion production → identify incorrectly one-Čerenkov-ring

events, which are assumed to be CC QE ναA → lαA′.

• Appearance probability P (νµ → νe): CC QE νeA →
eA′ signal, which is used to identify νe, could be confused with
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that from 1π NC νµA → νµAπ0 process

• Survival probability P (νµ → νµ): CC QE νµA → µA′

signal, which is used to identify νµ, could be confused with that

from CC/NC 1π ντ,µA → (ντ,µ ó τ, µ)A′π signal, if only one

particle radiates Čerenkov light.

For instance, (νµ, µπ) Incorrect Eν re-construction → L/E

analysis ?
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Theoretical Model νlN → lN ′π, νlN → νlN
′π (C.H.

Llewellyn Smith, 1972): weak excitation of the ∆(1232)

resonance and its subsequent decay into Nπ,

N’

πW,Z
∆ν

ν

N

,l
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〈∆+; p∆ = p+q |jµ
cc+(0)|n; p〉 = ūα(~p∆)Γαµ (p, q) u(~p ) cos θC ,

Γαµ =

[

CA
3

M
(gαµq/ − qαγµ) +

CA
4

M 2
(gαµq · p∆ − qαpµ

∆) + CA
5 gαµ +

CA
6

M 2
qµqα

]

+

[

CV
3

M
(gαµq/ − qαγµ) +

CV
4

M 2
(gαµq · p∆ − qαpµ

∆) +
CV

5

M 2
(gαµq · p − qαpµ)

+CV
6 gµα

]

γ5, CA
3,4,5,6 axial FF′s, CV

3,4,5,6 vector FF′s, furthermore

LπN∆ =
f ∗

mπ

Ψ̄µ
~T †(∂µ~φ)Ψ + h.c., f ∗ = 2.14

Gµν(p∆) =
/p∆ + M∆

p2
∆ − M2

∆ + iM∆Γ∆

[

−gµν +
1

3
γµγν +

2

3

pµ
∆pν

∆

M2
∆

− 1

3

pµ
∆γν − pν

∆γµ

M∆

]
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eN → e′∆ → e′N ′π ⇒ CV
3,4,5,6 FF’s. CVC ⇒ CV

6 = 0 and
(MV = 0.84 GeV)

CV
3 (q2)

2.13
=

CV
4 (q2)

−1.51
=

1 − q2

0.776M2

V

1 − q2

4M2

V

CV
5 (q2)

0.48
=

1

(1 − q2/M2
V )2

× 1

1 − q2

4M2

V

CA
3,4,5,6 Axial FF’s : ∆++ (νµp → µ−pπ+) data taken in

the ANL and BNL bubble chambers (filled in with

deuterium)

Dominant form factor: CA
5 (q2). CA

3 (q2) and CA
4 (q2)

contributions are small and we have taken (Adler’s model
1968)

CA
4 (q2) = −CA

5 (q2)

4
, CA

3 (q2) = 0
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Furthermore PCAC (∂µA
µ ∝ m2

π ) and Goldberger–

Treiman CA
5 (0) ∼

√
2
3

fπ

mπ
f ∗ = 1.2

CA
5 (q2) =

1.2

(1 − q2/M2
A∆)2

× 1

1 − q2

3M2

A∆

, CA
6 (q2) = CA

5 (q2)
M2

m2
π − q2

︸ ︷︷ ︸

PCAC

MA∆ fitted to the q2 dependence of the νµp → µ−pπ+

cross section (neutrino energy averaged) with (M(πN) <

1.4 GeV) measured at ANL and BNL. It varies in the

range 0.95 GeV (ANL) – 1.28 GeV (BNL). We set

MA∆ ∼ 1.05 GeV (axial nucleon mass)
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... but only the ∆ pole contribution turns

out to be an insufficient model, even at

the ∆ peak, and specially close to pion

threshold. Close to pion threshold, the pion

from the (νµ, µπ) reaction will not radi-

ate Čerenkov light and thus it would be

necessary an improved theoretical model to

carry out a proper L/E oscillation analy-

sis.

Such model for the νlN → lN ′π,

νlN → νlN
′π reactions should include non

resonant terms ⇒ Realization of the ax-

ial and vector currents, which couple

to the W, Z0 bosons, for a system of pi-

ons and nucleons.
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Non-linear σ−Model: EFT involving pions and nucle-

ons which implements spontaneous chiral symmetry break-

ing.

N’

πW,Z

ν

N

,l

ν

If Ψq =
( Ψu

Ψd

)
, the CC and NC, which induce W (Z0)N → N ′π

jµ
cc±

= cos θCΨ̄qγµ(1 − γ5)
(
−

τ1
±1

√
2

)
Ψq

jµ
nc = Ψ̄qγµ(1 − 2 sin2 θW − γ5) τ1

0
Ψq

− 4 sin2 θW sµ
em,IS

− Ψ̄sγµ(1 − γ5)Ψs

sµ
em =

1

6
Ψ̄qγµΨq − 1

3
Ψ̄sγµΨs

︸ ︷︷ ︸

s
µ

em,IS

+
1
√

2
Ψ̄q γµ

τ1
0

√
2

Ψq

.〈N ′π| jµcc+(0), jµcc−(0), jµnc(0)|N〉 = ? ⇐ QCD and its pattern of SχSB
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If Ψ =
( p

n

)

, U = fπ√
2
e
i ~τ · ~φ /fπ

= fπ√
2
ξ2, with fπ ∼ 93 MeV,

LNπ = Ψ̄iγµ [∂µ + Vµ] Ψ − MΨ̄Ψ + gAΨ̄γµγ5AµΨ

+
1

2
Tr
[

∂µU
†∂µU

]

+m2
π

fπ

2
√

2
Tr(U + U † −

√
2fπ)

Vµ =
1

2

(

ξ∂µξ
† + ξ†∂µξ

)

Aµ =
i

2

(

ξ∂µξ
† − ξ†∂µξ

)

Isospin rotat. ξ → TV ξ T†
V, Ψ → TV Ψ, TV = e−i

~τ ·~θV
2

Axial rotat. ξ → T†
A ξ T†

Λ = TΛ ξ T†
A, Ψ → TΛ Ψ, TΛ,A = e−i

~τ ·~θΛ,A
2

Isospin rotat. ⇒δLNπ = 0, Axial rotat. ⇒δLNπ ∝ m2
π 6= 0
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Up to order O(1/f 4
π), LNπ reads,

LNπ = Ψ̄[i/∂ − M ]Ψ +
1

2
∂µ

~φ∂µ~φ − 1

2
m2

π
~φ 2 (kinetic) +

gA

fπ
Ψ̄γµγ5

~τ

2
(∂µ

~φ)Ψ − 1

4f2π
Ψ̄γµ~τ

(

~φ × ∂µ~φ
)

Ψ − gA

6f3π
Ψ̄γµγ5

[

~φ 2 ~τ

2
∂µ

~φ − (~φ∂µ
~φ)

~τ

2
~φ

]

Ψ

− 1

6f2π

(
~φ 2∂µ

~φ∂µ~φ − (~φ∂µ
~φ)(~φ∂µ~φ)

)
+

m2
π

24f2π
(~φ 2)2 + O(1/f4

π)

Contact interactions NNπ, NNππ
︸ ︷︷ ︸

WT

, NNπππ and ππππ.

Parameters: fπ and gA . Noether’s currents

jµ =
∂LNπ

∂(∂µϕa)
δϕa, a = 1, 2, · · ·

up to order O(1/f 3
π) ...
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~Vµ = ~φ × ∂µ~φ +
gA

2fπ
Ψ̄γµγ5(~φ × ~τ)Ψ + Ψ̄γµ ~τ

2
Ψ − 1

4f2
π

Ψ̄γµ
[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ

−
~φ 2

3f2
π

(~φ × ∂µ~φ) + O(
1

f3
π

), ∂µ
~Vµ = 0

~Aµ = fπ∂µ~φ +
1

2fπ
Ψ̄γµ(~φ × ~τ)Ψ + gAΨ̄γµγ5

~τ

2
Ψ +

2

3fπ

[

~φ(~φ · ∂µ~φ) − ~φ 2∂µ~φ
]

− gA

4f2
π

Ψ̄γµγ5

[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ + O(
1

f3
π

), ∂µ
~Aµ ∝ m2

π...
︸ ︷︷ ︸

PCAC

+ isospin relations ⇒ evaluate CC 〈N ′π| jµ
cc+(0), jµ

cc−(0)|N〉

〈pπ0|jµ
cc+(0)|n〉 = − 1√

2

[
〈pπ+|jµcc+(0)|p〉 − 〈nπ+|jµcc+(0)|n〉

]

〈pπ−|jµ
cc−(0)|p〉 = 〈nπ+|jµcc+(0)|n〉

〈nπ−|jµ
cc−(0)|n〉 = 〈pπ+|jµcc+(0)|p〉

〈nπ0|jµ
cc−(0)|p〉 = −〈pπ0|jµ

cc+(0)|n〉 =
1√
2

[
〈pπ+|jµcc+(0)|p〉 − 〈nπ+|jµcc+(0)|n〉

]
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~Vµ = ~φ × ∂µ~φ +
gA

2fπ
Ψ̄γµγ5(~φ × ~τ)Ψ + Ψ̄γµ ~τ

2
Ψ − 1

4f2
π

Ψ̄γµ
[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ

−
~φ 2

3f2
π

(~φ × ∂µ~φ) + O(
1

f3
π

)

~Aµ = fπ∂µ~φ +
1

2fπ
Ψ̄γµ(~φ × ~τ)Ψ + gAΨ̄γµγ5

~τ

2
Ψ +

2

3fπ

[

~φ(~φ · ∂µ~φ) − ~φ 2∂µ~φ
]

− gA

4f2
π

Ψ̄γµγ5

[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ + O(
1

f3
π

)

W+

N’

π
π

N

jµ
cc+

∣
∣
∣
P F

= ∓ i FPF(q2)

√
2MgA

fπ

cos θC
(2kπ − q)µ

(kπ − q)2 − m2
π

ū(~p ′)γ5u(~p )

( – ⇒ W+p → pπ+, + ⇒ W+n → nπ+ )
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~V µ = ~φ × ∂µ~φ +
gA

2fπ
Ψ̄γµγ5(~φ × ~τ)Ψ + Ψ̄γµ~τ

2
Ψ − 1

4f2
π

Ψ̄γµ
[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ

−
~φ 2

3f2
π

(~φ × ∂µ~φ) + O(
1

f3
π

)

~Aµ = fπ∂µ~φ +
1

2fπ
Ψ̄γµ(~φ × ~τ)Ψ + gAΨ̄γµγ5

~τ

2
Ψ +

2

3fπ

[

~φ(~φ · ∂µ~φ) − ~φ 2∂µ~φ
]

− gA

4f2
π

Ψ̄γµγ5

[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ + O(
1

f3
π

)

W +

N’

π

N π

jµ
cc+

∣
∣
∣
P P

= ∓ i Fρ

(
(q − kπ)2

) cos θC√
2fπ

qµ

q2 − m2
π

ū(~p ′) q/ u(~p )

( – ⇒ W+p → pπ+, + ⇒ W+n → nπ+ )

Fρ(t) =
1

1 − t/m2
ρ
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~Vµ = ~φ × ∂µ~φ +
gA

2fπ
Ψ̄γµγ5(~φ × ~τ)Ψ + Ψ̄γµ ~τ

2
Ψ − 1

4f2
π

Ψ̄γµ
[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ

−
~φ 2

3f2
π

(~φ × ∂µ~φ) + O(
1

f3
π

)

~Aµ = fπ∂µ~φ +
1

2fπ
Ψ̄γµ(~φ × ~τ)Ψ + gAΨ̄γµγ5

~τ

2
Ψ +

2

3fπ

[

~φ(~φ · ∂µ~φ) − ~φ 2∂µ~φ
]

− gA

4f2
π

Ψ̄γµγ5

[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ + O(
1

f3
π

)

+W

N

π

N’

jµ
cc+

∣
∣
∣
CT

= ∓ i
cos θC√

2fπ

ū(~p ′)γµ
(
gAFV

CT
(q2)γ5 − Fρ

(
(q − kπ)2

))
u(~p )

( – ⇒ W+p → pπ+, + ⇒ W+n → nπ+ )
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~Vµ = ~φ × ∂µ~φ +
gA

2fπ
Ψ̄γµγ5(~φ × ~τ)Ψ + Ψ̄γµ ~τ

2
Ψ − 1

4f2
π

Ψ̄γµ
[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ

−
~φ 2

3f2
π

(~φ × ∂µ~φ) + O(
1

f3
π

)

~Aµ = fπ∂µ~φ +
1

2fπ
Ψ̄γµ(~φ × ~τ)Ψ + gAΨ̄γµγ5

~τ

2
Ψ +

2

3fπ

[

~φ(~φ · ∂µ~φ) − ~φ 2∂µ~φ
]

− gA

4f2
π

Ψ̄γµγ5

[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ + O(
1

f3
π

)

W W+ +

N’

π π
N

N N’N N
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... improve the WNN transition vertex

〈p; ~p ′ = ~p+~q |jαcc+(0)|n; ~p 〉 = cos θC ū(~p ′)(Vα
N(q)−Aα

N(q))u(~p )

Vα
N(q) = 2 ×

(

FV
1 (q2)γα + iµV

FV
2 (q2)

2M
σανqν

)

Aα
N(q) =

gA

(1 − q2/M 2
A)2

︸ ︷︷ ︸

GA(q2)

×
(

γαγ5+
q/

m2
π − q2

qαγ5

︸ ︷︷ ︸

PCAC

)

,







gA = 1.26

MA = 1.05 GeV

FV
1 (q2) =

1

2

(
Fp

1(q2) − Fn
1(q2)

)
, µVFV

2 (q2) =
1

2

(
µpF

p
2(q2) − µnF

n
2(q2)

)
,

furthermore CVC ⇒ FPF (q2) = F V
CT (q2) = 2F V

1 (q2) = F p
1 − F n

1
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~Vµ = ~φ × ∂µ~φ +
gA

2fπ
Ψ̄γµγ5(~φ × ~τ)Ψ + Ψ̄γµ ~τ

2
Ψ− 1

4f2π
Ψ̄γµ

[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ

−
~φ 2

3f2π
(~φ × ∂µ~φ) + O(

1

f3π
)

~Aµ = fπ∂µ~φ +
1

2fπ
Ψ̄γµ(~φ × ~τ)Ψ + gAΨ̄γµγ5

~τ

2
Ψ+

2

3fπ

[

~φ(~φ · ∂µ~φ) − ~φ 2∂µ~φ
]

− gA

4f2π
Ψ̄γµγ5

[

~τ ~φ 2 − ~φ(~τ · ~φ)
]

Ψ + O(
1

f3π
)

νlN → lN ′ππ, νlN → νlN
′ππ close to threshold. N(1440)

degrees of freedom?
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Evaluation of NC 〈N ′π| jµ
nc(0)|N〉:

jµ
nc = Ψ̄qγ

µ(1−2 sin2 θW−γ5) τ 1
0 Ψq− 4 sin2 θW sµ

em,IS − Ψ̄sγ
µ(1 − γ5)Ψs

sµ
em =

1

6
Ψ̄qγ

µΨq −
1

3
Ψ̄sγ

µΨs

︸ ︷︷ ︸

sµ
em,IS

+
1√
2
Ψ̄q γµ

τ 1
0√
2

Ψq

• ME’s jµ
cc+ ⇒ ME’s isovector (τ 1

0 ) jµ
nc contribution

• ∆ does not contribute to the isoscalar jµ
nc part

• a〈nπ+
∣
∣sµ

em,IS

∣
∣p〉 = 〈pπ−

∣
∣sµ

em,IS

∣
∣n〉 =

√
2〈pπ0

∣
∣sµ

em,IS

∣
∣p〉 = −

√
2〈nπ0

∣
∣sµ

em,IS

∣
∣n〉

〈pπ0
∣
∣sµ

em,IS

∣
∣p〉 = −〈nπ0|sµ

em(0)|n〉 − 〈pπ0|sµ
em(0)|p〉

2
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sµ
em = Ψ̄γµ

(
1 + τz

2

)

Ψ

︸ ︷︷ ︸

PN,PNC

+
igA

2fπ
Ψ̄γµγ5

(
τ1
−1φ

† + τ1
+1φ

)
Ψ

︸ ︷︷ ︸

CT

+i
(
φ†∂µφ − φ∂µφ†

)

︸ ︷︷ ︸

PF

+ · · ·

CT, PF do not contribute⇒PN and PNC ⇒ ME’s of sµ
em,IS

• ME’s jµnc,str = Ψ̄sγ
µ(1 − γ5)Ψs : nucleon strange content

〈pπ0
∣
∣jµnc,str(0)

∣
∣p〉 = −i

gA

2fπ
ū(~p ′)

{

/kπγ5
/p + q/ + M

(p + q)2 − M2 + iǫ

[

Vµ
N,s(q) − Aµ

N,s(q)
]

+
[

Vµ
N,s(q) − Aµ

N,s(q)
] /p′ − q/ + M

(p′ − q)2 − M2 + iǫ
/kπγ5

}

u(~p ) ⇐PN + PNC

Vµ
N,s(q) = F s

1 (q2)
︸ ︷︷ ︸

≈0

γµ+iµs

≈0
︷ ︸︸ ︷

F s
2 (q2)

2M
σµνqν , Aµ

N,s(q) =

gS (1−q2/M2

A
)−2

︷ ︸︸ ︷

Gs
A(q2) γµγ5+ Gs

P
︸︷︷︸

don′t contr.

qµγ5
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Results :

⇒ CC : νl(k) + N(p) → l−(k′) + N(p′) + π(kπ)

k

θ

kπ

θπ

Xφπ

  Y

’

q

k’

ν

π

Z

d5σνll

dΩ(k̂′)dE′dΩ(k̂π)
=

|~k′|
|~k |

G2

4π2

∫ +∞

0

d|~kπ||~kπ|2
Eπ

L(ν)
µσ (W µσ

CCπ)(ν)
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(W µσ
CCπ)(ν) =

1

4M

∑

spins

∫
d3p′

(2π)3
1

2E′
N

δ4(p′+kπ−q−p)〈N′π|jµcc+(0)|N〉〈N′π|jσcc+(0)|N〉∗

L(ν)
µσ = (L(ν)

s )µσ + i(L(ν)
a )µσ = k′

µkσ+k′
σkµ−gµσk·k′+iǫµσαβk

′αkβ

⇒ CC : ν̄l(k) + N(p) → l+(k′) + N(p′) + π(kπ)

L(ν̄)
µσ = L(ν)

σµ , jσcc+ ↔ jσcc−

⇒ NC : ν(k) + N(p) → ν(k′) + N(p′) + π(kπ)

jσcc+ ↔ 1

2
jσnc, (Wµσ

NCπ)(ν) = (Wµσ
NCπ)(ν̄)

Note (E ′, θ′)
︸ ︷︷ ︸

outgoing lepton

↔ q2,W 2 = (p + q)2

︸ ︷︷ ︸

πN inv. mass
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Differential cross section (flux averaged)

∫ 1.4 GeV

M+mπ

dW
dσνµµ−

dq2dW
, νµp → µ−pπ+

ANL
Only Delta, Eq.(48)
Full Model, Eq.(48)
Full Model, Eq.(80)

−q2 (GeV2)

d
σ̄
/d

q2
(1

0−
3
8
cm

2
/G

eV
2
)

10.90.80.70.60.50.40.30.20.10

1.2

1

0.8

0.6

0.4

0.2

0

BNL
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pepe
BNL (no πN cut)
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Only Delta, Eq.(48)
Full Model, Eq.(48)
Full Model, Eq.(80)νµp → µ−pπ+
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pepe

ANL
Only Delta, Eq.(48)
Full Model, Eq.(48)
Full Model, Eq.(80)
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pepeν̄
ν

Z0n → nπ0
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Below the τ prod. threshold, Distinguish ντ from ν̄τ ?

J. Nieves, U. Granada 27



NuInt07

σNC/σCC ANL cross sections at E = 0.6 − 1.2 GeV

ANL Our results

R+ = σ(νp → νnπ+)/σ(νp → µ−pπ+) 0.12 ± 0.04 0.12 – 0.10

R0 = σ(νp → νpπ0)/σ(νp → µ−pπ+) 0.09 ± 0.05 0.18 – 0.14

R− = σ(νn → νpπ−)/σ(νp → µ−pπ+) 0.11 ± 0.022 0.12 – 0.09

NC: Cross sections (10−38cm2) for 〈E〉 = 2.2 GeV (no cut in W )

CERN Our results

σ(νp → νpπ0) 0.130 ± 0.020 0.105±0.006

σ(νp → νnπ+) 0.080 ± 0.020 0.091±0.003

σ(νn → νnπ0) 0.080 ± 0.020 0.104±0.006

σ(νn → νpπ−) 0.110 ± 0.030 0.082±0.003
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Dependence on θ∗π (CM πN pion polar angle). Lorentz

invariance (f.i., CC) ⇒

d 5σνll

dΩ(k̂′)dE ′dΩ∗(k̂π)
=

|~k′|
|~k |

G2

4π2







Similar to eN→e′Nπ
︷ ︸︸ ︷

A∗ + B∗ cos φ∗
π + C∗ cos 2φ∗

π

+ D∗ sin φ∗
π + E∗ sin 2φ∗

π
︸ ︷︷ ︸

parity violating







• Explicit φπ dependence

• A∗, B∗, C∗, D∗, E∗ functions of E, q2,W, θ∗π

• C∗ and E∗ are the same ν and ν̄, when (W µσ)(ν̄) =

(W µσ)(ν)
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pepe
Only Delta, Eq.(48)
Full Model, Eq.(48)
Full Model, Eq.(80)

W = 1150 MeV

νµn → µ−pπ0
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Reactions νµn → µ−pπ0

and ν̄µp → µ+nπ0
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... new NC neutrino–antineutrino asymmetries
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pepe
Parity violation

k

θ

kπ

θπ

Xφπ

  Y

’

q

k’

ν

π

Z

d 5σνll

dΩ(k̂′)dE ′dΩ∗(k̂π)
=

|~k′|
|~k |

G2

4π2







Similar to eN→e′Nπ
︷ ︸︸ ︷

A∗ + B∗ cos φ∗
π + C∗ cos 2φ∗

π

+ D∗ sin φ∗
π + E∗ sin 2φ∗

π
︸ ︷︷ ︸

parity violating
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L(ν)
µσ = (L(ν)

s )µσ + i(L(ν)
a )µσ = k′

µkσ+k′
σkµ−gµσk·k′+iǫµσαβk

′αkβ

By construction (similar for both CC and NC),

W µσ = Wµσ
s + iWµσ

a , W µν
s,a =

(

W µν
s,a

)PC
+
(

Wµν
s,a

)PV

(W µν
s )PC = W1g

µν + W2p
µpν + W3q

µqν + W4k
µ
πkν

π + · · ·
(W µν

a )PC = W14ǫ
µναβpαqβ + W15ǫ

µναβpαkπβ + W16ǫ
µναβqαkπβ + · · ·

(Wµν
s )PV = W8

(

qµǫν
.αβγk

α
πp

βqγ + qνǫµ
.αβγk

α
πp

βqγ
)

+ · · ·
(Wµν

a )PV = W11(q
µpν − qνpµ) + W12(q

µkν
π − qνkµ

π) + · · ·

Under Parity

L(ν)
µν → (Lνµ)(ν) , (Wµν)

PC → (W νµ)PC , (Wµν)
PV → − (Wνµ)PV
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• d 5σ/dΩ(k̂′)dE ′dΩ(k̂π) is not inv. under parity, since

the pseudovector ~k × ~k′ is used to define the Y axis.

• d 3σ/dΩ(k̂′)dE ′ scalar, except for the factor |~k′|/|~k | ⇒
parity violation disappears when performing the

∫
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νµn → µ−pπ0 (E = 1.5 GeV, W = M∆, q2 = −0.5 GeV2)
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• Non-resonant terms are needed to produce non-

vanishing parity violating structure functions
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Conclusions: We have derived a model for CC and NC

weak pion production off the nucleon

1. In addition to the ∆ resonance, we include non-

resonant contributions ⇐ QCD SχSB.

2. Non resonant contributions are important ⇒ re-

adjust of CA
5 (q2).

3. ν − ν̄ Asymmetries, distinguish ντ from ν̄τ ?

4. Parity violation effects due to the interferences

between the non resonant and ∆ contributions.

5. Starting point to study inclusive and exclusive

neutrino-nucleus scattering above the QE region.
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pepe

ANL

Only Delta, Eq.(48)
Full Model, Eq.(48)
Eq.(80) no W cut
Full Model, Eq.(48)

νn → νpπ−

E (GeV)

σ
(1

0−
3
8
cm

2
)

21.510.50

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

Only Delta, Eq.(48)
Full Model, Eq.(48)
Full Model, Eq.(80)

E = 1 GeV

νn → νpπ−

W (GeV)

d
σ
/d

W
(1

0−
3
8
cm

2
/G

eV
)

1.41.351.31.251.21.151.11.05

0.6

0.5

0.4

0.3

0.2

0.1

0

gS = 0.00
gS = −0.15

νp → νpπ
0

E (GeV)

σ
(1

0−
3
8
cm

2
)

21.510.50

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0

ν̄p → ν̄nπ+
ν̄n → ν̄pπ−

E (GeV)

σ
(1

0−
3
8
cm

2
)

21.510.50

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

0

J. Nieves, U. Granada 38



NuInt07

pepe
Only Delta, Eq.(48)
Full Model, Eq.(48)
Full Model, Eq.(80)

W = M∆

νµn → µ−pπ0
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E = 1.5 GeV, W = M∆

and q2 = −0.5 GeV2.

Reactions νµn → µ−pπ0

and ν̄µp → µ+nπ0
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