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Quasielastic One-pion production
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Quasielastic scattering
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The origin of that effect lies in the distortion of the lower components of the bound and
scattered nucleon wave functions (mainly, the latter).

Therefore, this effect does not occur in other models based on non-relativistic or semi-
relativistic approaches.

The analysis of data seems to support that f_>f .
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Both the distortion of initial and final nucleon wave functions have a
huge impact in the cross sections

Positive:

» Long tails corresponding to high momentum of the outgoing nucleon and an
asymmetric shape: good agreement with data.

> Excellent behavior at intermediate transfer momentum
(300 < g <900 MeV).

> Relatively good behavior at low q (much better than Fermi gas models!!).

» Prediction of a transverse enhancement (f <f.).

Negative:

» One would expect that the behavior of RMF for increasing momentum
transfer (q > 1000 MeV) tends to RPWIA one, but it does not happen...

15
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Electroweak one-pion
production on nucleons
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We use the same one-pion-production mechanisms as in
Valencia model (PRD 76 (2007) 033005, PRD 87 (2013) 113009)

Contributions from the effective

Resonant contributions: pion-nucleon Lagrangian of ChPT
(non-resonant contributions):

Fa
X
AN
N N N N N N
= X - X =« .
X /' \'\.\‘ {, \—\.\(ﬂ’
O { Rk /
- - *— - o -
Nr ¥ NJ‘

J" = {Jxp) + Jeap) + Uery) + (Jora) + (np) + (Jenp) + {(Jpr) + (Jpp)
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Nucleon-Delta transition vertex:
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Delta decay: & N=
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2) Pascalutsa (it only couples to the physical spin-
3/2 degrees of freedom of the Delta)

f'}TNA
m'JTMN

aAﬂ'N — apo_TK ,0 Yo /5 kA T
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Chiral Perturbation Theory applied to the pion-nucleon system gives the following
effective Lagrangian at lowest order in 1/f

T[ X ’ /’
LY = Lonn+ Lorny E ,/W X ,E(w
N N N N N N

+ EnyN -+ [:'ym'r =+ L")’?TNN

L X r .
+ LwnnN + Lwr + Lwrr + EWWNN + EWWNN :L‘:L’_F { K\‘v’
—-'—‘—F'— —-'—"—-'—

+ Lynn +Lgn + Lgrr + [’Z:n-NN + [-.'Zﬂ-NN N N’
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Chiral Perturbation Theory applied to the pion-nucleon system gives the following
effective Lagrangian at lowest order in 1/f

T[ X ’ /’
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Chiral Perturbation Theory applied to the pion-nucleon system gives the following
effective Lagrangian
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Chiral Perturbation Theory applied to the pion-nucleon system gives the following
effective Lagrangian

X ‘ .
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.. etc. (see, for instance, S. Scherer and M. R. Schindler, Springer 2012) ,,
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CC-neutrino induced pion production
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Same results as in HNV

/ (PRD 76, 033005 (2007)
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Electroweak one-pion
production on nuclei
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pY N Zp,

After some algebra and considering the initial and final states as states with well
defined energy obtain:

JII\;P(Ov PN) K';rr) = (Q?T)ﬁ(EN -+ E_‘T E) 1gACOS U,

VIV,
< [ 6B,00) [ e T EN + i V)6 @) gz ¥n(®)
with K# = (Exy + E,,q+ p).

Approximation: To simplify, in the propagator we use asymptotic values for the
momentum of the particles

Sp(Q, Py, Kn) = (2m)5(Ey + By — w — E)id_ 194080

V2 V2fs
ETETESLETTE D> S UE I ST
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The mass (Ma) and the width (¢ ) are modified inside a nucleus. We use

the Oset and Salcedo [*] formalism to implement these medium modifications
(MM):

[l — Mintedum _ o i — 23(Xa), ME® — Mu™edum — piee L R(X,).

+ Mpaui: SOmMe nucleons from A-decay are Pauli blocked (the A-decay width
decreases).

+ The parametrization of 3(Xa) and R(Xa) is given in terms of the nuclear
density p:

~3(Za) = Cae(p/po)* + Caz (p/po)’ + Cus (p/po)”
R(Ea) = 40MeV (p/po).

References: [*] E. Oset and L. L. Salcedo, Nucl. Phys. A 468, 631 (1987).
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//7'('
N A N’
The mass (Ma) and the width (¢ ) are modified inside a nucleus. We use
the Oset and Salcedo [*] formalism to implement these medium modifications
(MM):
r'f.;?{ﬁh — riﬂi'gﬁ?dium — rF'auIi L 2%(2&) 1 Mfl'&& — Mln I’TIEdIUI"I"I free _|_ %(zﬂ) )
+ Mpaui: SOmMe nucleons from A-decay are Pauli blocked (the A-decay width
decreases).
+ The parametrization of 3(Xa) and R(Xa) is given in terms of the nuclear
density p:
~S(£a) = Car (p/po)* + Caz (p/po)” + Cas (p/po)” ,
R(Xa) = 40MeV(p/po)- Now the operator

explicitly
References: [*] E. Oset and L. L. Salcedo, Nucl. PW 1deper'|ds onr

Jhad = /dreiq.rap(r) o™ (r) [ N Sn,a8(r) rWNA] tn(r)
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v We described the quasielastic and one-pion production
processes within a relativistic mean-field model.
X Microscopic model, fully relativistic and we can make
predictions for exclusive cross sections

v The agreement with inclusive (e,e') data as well as with
Charged-Current 11+ is quite good.

v Near future:
X Incorporate the FSI for the outgoing nucleon and pion.

v Problems:
X We sum amplitudes so we have interferences that, in
some cases, we do not control.
X We are still missing a lot of ingredients: coherent pion
production, other resonances, ...
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RMF model provides a microscopic description of the ground state of finite nuclei
which is consistent with Quantum Mechanic, Special Relativity and symmetries of

strong interaction.

The starting point is a Lorentz covariant Lagrangian density Extension of the original
L 1 0-w Walecka model
L = W(iy,0" — M)V + 5 (3”53;&5 _ mgag) — Ul(o) (Ann. Phys.83,491 (1974)).
1 , 1 1 L, 1 1 y
— EQWQ‘“’ — §miwpw“ — ZRWR‘”’ E Emﬁp#p“ — EF“"F“
T = - 1+ 73—
— goVYoU — g Vv,V — g,Vy,Tp"¥ — g, Wy, AMU
where R o :
~ Main approximations: \
O = 9Hw” — 9wt 1) Mean-field approximation:
R" = otp¥ — 0" p", Wy = {wp) I o — (o) I (Pp-,>
R = grAY — 0¥ A* . 2) Static limit:

U(o) = 3920° + 3gs0” 0wy = 3 pg = 0% = O] Wy = 0u0%0 Py = Su0Po

3) Spherical symmetry for finite nuclei:

\\\ wo = wo(r IPo—Po IU—U(TI ///'44
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Dirac equation for nucleons (eg. of motion for the barionic fields):

where the scalar (S) and vector (V) potential are given by:

S(r) = goo(r),

1+ 73
2

A°(r) Current densities

ps(r) Zﬁ(r)xp r

pB(r) Z Ui (r)W(r),

Vi(r) = gwwo(’r) + nggpg(’r) + e

Egs. of motion for the mesons and the photon:

[ \v& +m ] O’(T) — —ggps(?") - QZUQ(T) — 930-3(T) ?
[-V2+m]W’(r) = —gups(r), po(r) Z Wl(r) 7 i(r)
[—V2 + mp] p3(r) = —9pPp(T) 4 1+
e By
_V2AO = €P¢, Z ‘D )

Solution of the couple equations for the fields in a self-consistent way.
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In general, the parameters are fit to reproduce some general properties of some
closed shell spherical nuclei and nuclear matter.

Parameters for the NLSH model (fitted to the mean charge radius, binding energy and

neutron radius of the **0, “°Ca, °Zr, ***Sr, **Sn and ?°®Pb.
6 free
My My My, mp Jo Ju 9p go gs parameters

939.0 526.059 783.0 763.0 10.444 12.945 4.3830 -6.9099 -15.8337

[—ia- V + V(r) + B(M + S(r)|Wy(r) = E;W;(r)

ge(r)ei’ ()

U= e,

1

LS 1 . T 5
i (Qr) = D (tmassljmy) Y™ ()x

mgs

R. Gonzalez-Jiménez Ghent University



JA. Caballero et al./Nuclear Physics A 632 (1998) 323-362 333

shell 1p,, in 160.

M T R B R 107 e
0 100 200 300 400 500 0 100 200 300 400 500
p (MeV)
Fig. |. Left panel: projection components of the momentum distribution {in units of fm?): Ny (p) (solid).

Ny (p) (dotted) and N (p) (dashed). Right panel: N, (p) (solid), Nf,f,” (p) (dotted) and NI\ (p)
{dashed) (see text for details).
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Rep. Prog. Phys. 52 (1989) 439-514,
P-G Reinhardj

Gesellschaft fur Schwerionenforschung, D-6100 Darmstadt, West Germany

2.2.1. The static limit. Most applications of the relativistic mean-field model are
concerned with nuclear ground states, or more generally, stationary states. We can
assume in all nuclear applications that the nucleon single-particle states do not mix
1sospin, 1.e. they are pure proton or pure neutron states. As a consequence, only the
third component of the isospin vectors is needed, i.e.

Ri1,=0 and  p41,=0.

The mean-field equations are further greatly simplified due to stationarity. All time
derivatives of densities and fields vanish, i.e.

ps =0 $ =0 pu=0 etc
and all space-vector components of densities and fields vanish, i.e.

pi=0  po;=0 pgp""“‘“’:o Vi=0 Ryp= A;=0 forei=1,2,3.
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Prog. Part. Nucl. Phys, Yol. 37, pp. 193-263, 1996

Relativistic Mean Field Theory in Finite Nuclei

P. RING

Fakultéde fiir Phvsik, Technische Universitdt Miinchen, D-87458 Garching, Germany

In the static approximation we assume time-independence for the meson fields and a time-dependent

phase exp(ie;t) for the spinors ¢;. Furthermore we restrict ourselves in this section to cases with time-
reversal invariance and with good parity, as one has it for instance in the ground state of even-even

nuclei. In this case the space-like components of all currents j, 7, 7. and the pion field vanish and we

are left with the stationary RMF equations:
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Delta propagator:

—(Ka + Ma) 1 2 2
SA,aB = afB T 7V« - Ka,ao K — —(vaK — Ka,a
Ao K2 — M2 + iMa T Jap = 3778 S aakas = g (vaKa,g — Ka, ’YB))
2
with the energy dependent Delta Co (W) = 1 (fna) 3(M 4+ E
width: wiatn (W) 12r mwW (Pr,em)”(M + En,cm)

free in-medium free in-medium free
Mwidth — T width = lpaui — 23(Xa), Ma — Ma = Mx° + R(Za).

+ [paui: SOMe nucleons from A-decay are Pauli blocked (the A-decay width
decreases).

+ The parametrization of &(Xa) and R(X4a) is given in terms of the nuclear
density p:

—3(Za) = Coae(p/po)* + Caz (p/p0)? + Caz (p/p0)” .
R(Xa) = 40MeV(p/po)-

We modify the free AnN-decay constant (farn) to take into account the
E-dependent medium modification of the A width:

fﬂﬂ' N rfree

in-medium(w) — A N\/rF‘auli +2Cqe (p/po)”
width 51
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//(7T
N A N
—3(Xa) = CoE (,O/,Og)& + Cpo (p/pg)ﬁ + Cas (P/PO)P}’
Each contribution corresponds to a We modify the free Delta decay constant

different process: to take into account the E-dependent
. o medium modification of the Delta-width
@ QE = AN — 7NN (still one pion in

the final state) Faxn = Fna Pr

i

@ A2 — AN — NN (no pions in the
final state) n-medium 1y \/ [Cpauii +2Cok (p/po)”

fﬁﬂ” rfree
@ A3 = ANN — NNN (no pions in

width

the final state)

References: [*] E. Oset and L. L. Salcedo, Nucl. Phys. A 468, 631 (1987).
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Q 4 g — _ _
,/K. EE’&TNN - ?’ECOS 9(‘:|: (\/§ 'Gbp'}’pﬂolbn _ ‘pp')’”ﬁ—"?bp + wnf}/”ﬂ-—wn) W:_
P Y Py + (Ep"}/”ﬂ-+w}‘3 - En7ﬁ7r+wn - \/§ Enf}/ﬁﬂowp) Wp;_j| ’

Ig Icosf.

2v/2 \/2f.
< / dye’ I (y)é* (Y)7 dn(y)

= (2m))(EnN+ Er —w—E)
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-9 — — —
’/;{ CIVVnNN = ZECOS 90[ (‘/§ %’Y”Wo% - wp’)’”ﬁ—% + ben'T#W—‘/)n) W:

P Y Py + (Ep7ﬂﬂ+wp — VYT P — V2 %’Y“ﬂo%) sz_j| ;

Ig Icosf.

= (27)0(Eny + Ex —w — E)

[ dye"‘-"'vap(yw?y)wn(
I 0

N6 free particles !!!

v)# (21)°°(py+K: —q—-pP) N
x  U(pn: Sn)Y u(p, s)
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961 MeV, 37.5°
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J" = (Jap) + Jear) + Jery) + {Jera) + Uxp) + {Joxp) + (Jpr) + (Jpp)

PHYSICAL REVIEW D 93, 014016 (2016)
Watson’s theorem and the NA(1232) axial transition

L. Alvarez-Ruso,' E. Hern::indez,2 J. Nieves,1 and M. J. Vicente Vacas®

We present a new determination of the NA axial form factors from neutrino induced pion production
data. For this purpose, the model of Hernandez et al. [Phys. Rev. D 76, 033005 (2007)] is improved by
partially restoring unitarity. This is accomplished by imposing Watson’s theorem on the dominant vector
and axial multipoles. As a consequence, a larger C4(0), in good agreement with the prediction from the off-
diagonal Goldberger-Treiman relation, is now obtained.

r T T T T T T T T ] Gl T . T r T T &0 T T T T T
16 oy : i ; ] i . ]
14] Vo] sob |[— Q’=035GeV’ i sol. [— @¥=035 Gev? i
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by 2
210 z
2 8
¥ 6
al W, =1232 MeV ]
af _'
l] 1 1 1 1
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