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Outline

1. Oset-Salcedo model [NPA 468 (1987) 631] to account for the
A(1232) spectral function in the medium

Impact on FSI effects on pions
RPA effects on the real part of the A selfenergy
2p2h contributions

A S

Conclusions
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Many-body approach to the A(1232) self-energy in nuclear-matter

e Change of its dispersive propertieml
1 1

VS — Mp + iTp(s)/2 - VS — Mp +iTp(s)/2 —rzA(S; P)]

depends on the
medium density !

Juan Nieves, IFIC (CSIC & UV)




o YA(s; p) is an optical potential that describes the interaction of the A with
the nuclear medium.
o Im X,(s;p) accounts for both
O modifications of the free space decay mode,
A — Nm
1. Pauli blocking + medium corrections for the outgoing
nucleon (SF)
2. Nuclear medium corrections for the outgoing pion:
[1(q° g; p) (n— selfenergy: pion-nucleus optical potential)

q°* — g* = mz +11(q° q¢; p)

O new decays modes induced by collisions
AN — NN,AN — NNn, ANN — NNN

Juan Nieves, IFIC (CSIC & UV)




322 ELECTROMAGNETIC PROPERTIES

PION-AND PHOTON-NUCLEUS TOTAL CROSS SECTIONS
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1G. 8.17. Comparison of & *C and y ’C total cross-sections in the A(1232)

asonance jegion. The sum of the free pion—nucleon cross-sections AF(nAN)=
‘o(7p) + No(wn) is shown for orientation. The data for o(x *C) are from
‘arroll et al. (1974); the ones for o(y >C) are extrapolated values taken from
Rost (1980). The dashed curves are drawn to guide the eye.

the y-nucleus cross section
still reflects the position and
12 ] _ ] ] strength of the free A(1232)
C (Pions & Nuclei, T.E.0. Ericson and W. Weise) mm) summed over the individual
nucleons, although it is
broadened by many-body

shift produced by pion- Juan Nieves, IFIC (CSIC & UV) mechanisms

nucleus absorption




YA (s; p): First ingredient: effective baryon-
baryon interaction in the medium

Juan Nieves, IFIC (CSIC & UV)




G° D.(@) G; G;
longitudinal !!

2
f R L
4> D,(q)C,(6;; — G; G;)

transversal !!

Frplq) = 278 q* = q°° - G2, A, =1250MeV = A, A, =2500MeV = 4,

Juan Nieves, IFIC (CSIC & UV) (off-shell behavior) !!




Because (, = C,, Ay = Az and A, = A}, the former potentials also describe the

AN - NN, NN - AN and 44 - NN

interactions with the following replacements
my

mey mgq

Note Vi(q) L Vi(q)

Short range correlations: Attributed to the exchange of the ® meson ‘

1

— defines the range of the correlations
w

Correlated potential in coordinate space: V(r) =V(r)g(r); g(r) =1 —j,(q.r),q.~m,~783 MeV

Correlated potential in momentum space: V(q) = f(mg g(k - q)V(k)

(|k| o

g(k) = 2m)3 63(k) — Juan Nieves, IFIC (CSIC & UV)




NN potential V(q)z@fé{,r:@l1'-'1 E—E+g@ 1T E AV
E.,_}—

Ve =(4:4;Vi(q) + (8;— 4:d) Vq))

ij i
with §; = Qi/lc?I / zero range Landau force

J. Speth et al., Phys. Rep. 33
(1977) 127

Vig®.q)=— f

(A —mi)g
m: |\ AL—q*) ¢—m>
Yo f

—=0.08. A,=1200 MeV|.
‘\411-

1 A-m2\* F
V}{-ﬁ?ﬂ@ — (—'p : gp) 2
A J

The NA and the AA potentials are
obtained from V; and V; by
replacing

- iﬁ —q* ) g*— mﬁ - § Z f—
C,=2. A,=2500 MeV, m, =770 MeV.. £ o pr

SRC
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N | The spin-isospin part of the interaction, taking into account the
V=np+.SRC propagation of the mesons through the medium

N @ IIIII War(q) — O'llo-l ?lrzvat(q) T
. v A

S VO“-_ """ oi0), T2 (Vi (@) UV J(@)} +
N_O o VQ © el 2B V(@ U@V @U@V (@)} +

_Q Q ----- .. =dd 1T Wi (q)

v® Q O o Wi = —12 g4, V@ (s _az
< e @ = v 1t o (86— 4id;)

Induced spin-isospin NN interaction in a nuclear medium

9:q; L (65 —9:4;)
Juan Nieves, IFIC (CSIC & UV)




The imaginary part comes from situations in the
intermediate states integration, where the are placed

on shell [Cutkowsky’s rule (ltzykson & Zuber, 9 .~
Quantum Field Theory, McGraw-Hill, New York, 194)]. KL

U(q)=U,+U , can have both real and imaginary parts. N (

Juan Nieves, IFIC (CSIC & UV)




Diagrammatically,

ot _ Vi(q) ~ Vi(q) sy
W@ = Togv W8+ Tograg (B9 845

Vil +Ve(q) ...  ....

From the spin-isospin | N7 T
. . wwW = iz + + +
interaction, we construct

the induced interaction by
exciting ph andaph |

E =aE .

components ina RPAsense | O

Juan Nieves, IFIC (CSIC & UV)
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Q A — N (corrections

due to pion dressing in
the medium) Juan Nieves, IFIC (CSIC & UV)

ANN — NNN :
o
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Tensor contribution negligible

3 (k) =2c,(k)+zz(k](3s*r - kS-k—1)

Oset-Salcedo model
[INPA 468 (1987) 631]
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ImX, determines FSI effects on pions... 1

P/L [fm‘;lt
0.7F ==~~~

06| .
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0 .
H(q  q; p) Oc\/E—MA + il (s)/2 — X4(s; p)

Probability per fm for m QE

scattering and absorption as a
function of the nuclear radius
[INPA484 (1988) 557]

* _ nucleus reactions

— nucleus reactions

v A4, -nt A, [elastic]

v nf A, - n’ X [quasielastic]

v ¥ A, — X (no pions) [absorption]

I[A

® ni
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Absorption + Quasielastic= Reaction
Q= pions which have changed either charge, energy
or momentum
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[J. Nieves et al., NPA 5

Absorption +
Quasielastic=
Reaction

Q= pions
which have
changed
either charge,
energy or
momentum
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[J. Nieves et al., NPA 554 (1993) 554]
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R.C. Carrasco, E. Oset [ Interaction of real photons
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‘ig. 45. Results for o, /A as a function of the photon energy for *C. Experiment from ref. ®). The lowsi
curve is the result for direct photon absorption.
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Fig. 46. Results for o, /A as a function of the photon energy for '°0. Experiment from ref. *).

dip region

208 o [

A peak

% 208Pb
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ig. 47. Continuous line: results for o, /A as a function of the photon energy for ***Pb. The dashed
ae shows the impulse approximation result (Zo,,+ No.,,)/ A for comparison. The dotted line is the
esult for direct photon absorption. Experimental data: dark dots from ref.*), while dots from ref. ©).

(broadening and shift)
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R.C. Carrasco et al. / Inclusive (y, w) reactions
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Re EA ( Total)

p=0.75p . R
[Mev] ° (k)= zc,(k)+z;2(1rc](3s‘r kS-k-1)
- 40 RS | tensor contribution small
30| ReXp = —33 p/py MeV
. (in the resonance region, though it has a
~20k .
mild energy dependence)
~10k
... but more important: RPA
0 s 300 T.Wev] re-sumr.n.atlon changes also
\\ET\ the position of the A peak!
0F- RT |
20+
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external probe: &, v, W,... L/ y

/
/
/ /
7/
/
/
@ -+ é> -+ + ...
A
/
/
s . . o
/ . Taking into account these effects is
/
/

far from being trivial for neutrinos!
e PRC 83, 045501 (2011)

oT _ Vi(q) ~ Ve(q) -y
Wi @ = v 99+ g (80 ~4d))

Effective baryon-baryon interaction in the medium
Juan Nieves, IFIC (CSIC & UV)




external probe Y / Y ]
/ ¥ If the external probe is

transversal, for instance
a real photon y

/ /
7/
/
/
v, ¥
+ T -+ + ...
y the transverse part V/,

of the interaction is
Y e selected

Y - Y p, ReXp = —33 p/py MeV

/
/ ReZ, - ReZ, +— ( )@p

(8 —a:d;) ~ 40 p/py MeV

Effective baryon-baryon interaction in ThWe medium
Juan Nieves, IFIC (CSIC & UV)

ot _ Vi(q) ~
Wi @)= v 0+




external probe A

If the external probe is
longitudinal, for
instance the
longitudinal part of the
®> axial current, A, 0oran
the tranS\g;e part V;

of the interaction is
A 5 selected

A /
z -’ A, ) ReZ, ~ —33 p/p, MeV

L ReZ, - ReZ, +— ( )@p

Vi(9) @ (5. -8 ) ~ +25 p/py MeV

“avi@) 9 T Togva 14,
Effective baryon-Baryon interaction in the medium strong q* dependence, the
Juan Nieves, IFIC (CSIC & UV) overall sign is even not fixed!




NN potential V(q)z@fé{,r:@l1'-'1 iﬁg@ 1T E AV
ij=1

Ve =(4:4;Vi(q) + (8;— 4:d) Vq))

ij i
with §; = Qi/lc?I / zero range Landau force

J. Speth et al., Phys. Rep. 33
(1977) 127

Vig®.q)=— f

(A —mi)‘?’
m: |\ AL—q*) ¢—m>
Yo f

—=0.08. A,=1200 MeV|.
‘\411-

1 A-m2\* F
Ve D) =51 Co| 15 ;f) ;
A J

m

The NA and the AA potentials are
obtained from V; and V; by
replacing

N

~T.

'~H

a— S
C,=2. A,=2500 MeV. m,=770 MeV.

SRC
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For neutrinos, external probe W=, Z, the RPA sum CAN NOT be accounted for by an

overall change of the real part of the A propagator. One needs to split the hadron
tensor into components and depending of its nature (longitudinal or transverse)
use the appropriate replacement:

4(F\°

ReX ReX ) +—| —
€24 = Re2a 9<mn>@

2

4 ( f*

ReX ReX —| —

PRC 83, 045501 (2011) 0

0 4. !
Hw,z(q  q; p) X VS—M+iT4(5)/2—ReZ 4(s;p)—iImZ 4(s;p) + JPA

Juan Nieves, IFIC (CSIC & UV)




Deficiencies of the Rein Sehgal model! = Improved models

Neutrino Resonance Production
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Electron data = Resonance vector form factors !
PCAC = Resonance axial form factors !
Background: chiral symmetry (when possible !)
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Watson’s theorem
deuterium effects
local terms in A
propagator

(see Hernandez’s
talk)
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MiniBooNE: problems to describe pion production in nuclei (FSI, coherent
production ...) EEEE) MINERVA and T2K will shed light ....
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X MINERvVA [Phys. Rev. D 92, 092008 (2015)]
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RPA effects on the real part of A—selfenergy ??
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e A dominant component of
the pion production
contribution

e Missing strength both at
the dip region and the A
peak
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PRD D76 (2007) 033005
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+ PRD 93 (2016) 014016 (Watson’s theorem)!
+ PRD 95 (2017) 053007 (local terms in A
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CONCLUSIONS
* X2, accounts for the important modifications of

A properties inside of a nuclear medium

e |t requires a realistic effective baryon-baryon
interaction in the medium at intermediate

energies
e There are problems to describe pion
production in nuclei. RPA effects??

Juan Nieves, IFIC (CSIC & UV)
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