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1. Motivation: Neutrino oscillations, neutrino detectors and nuclear cross sections

THE STANDARD MODEL OF

FUNDAMENTAL PARTICLES AND INTERACTIONS ;

undamental interactions (interactions are manif ay rates of unstable particles).
m Hsr c.cnsmuenls
FERMIO NS spin = 112, 312, 512, ..

force carriers
BOSONS spin=20,1,2, ...
Leptons spin =1/2 Quarks spin =1/2 Structure within Unified Electroweak spin =1 Strong {color)  spin
- AIEI’:;,.OSX' the Atom Mass Electric Mass Electric

et GeVic2 | charge fame GeV/c? | charge
ce
lightest

_9 -
neutring* (0-2)=10 u up 4 =

Neutron gluon C g
electron 0.000511 d down . B

. : Size <10 ¥m k Higgs Boson spin = 0
middle « (0.009-2)x10" C charm

Nucleus \ ! Name C!iffig? E:\eac:r::
muon 0.106 S sirange B Size = 10"1m o W bosons - =
‘ 0 H v
-9 : Proton Z : 4
neavesl (0.05-2)x10 .

Electric
charge

Electric
charge

Flavor

tau

nggs BOSOn
P —
the infrinsic angular mo ) m by
ngular mome ore 810" Ge 510 % Js. I the protan and neutrons in this picture were Color Charge
10 cm across, then the quarks and electrons Only quarks and IS carry
would be less than 0.1 mm in size and the
entire atom would be about 10 km across.

Eleclnc charge stros

Properties of the Interactions

The strengths of the interactions (forces) are shown refative to the strength of the slectromagnetic force for two u quarks separated by the specified distances.

Gravitational Weak Electromagnetic

. Strong
\'mtleb the Property Interaction Inferaction (1o 4roneak) Infera

Interaction
Acts on: Mass — Energy Flavor Color Charge

Particles experiencing: All Quarks, Lepto cl h Quarks, Gluons

Particles mediating: (not y(e;:Ec:ll;:’enrved) Gluons

Strength at { b 10-41 0. 25 .l
3 10-41 : - Learn mors ot Particle Adventure.org

. Unsolved Mysteries
Particle Processes %

Driven by new puzzles in our understanding of the physical world, p: phys are following paths to new wonders and startling
ese diagrams are an arlist's conception. Orange shaded areas represent the cloud of gluans discoveries. Experiments may even find extra dimensions of space, microscopic black holes, andfor evidence of string theory.

Why is the Universe Accelerating? Why No Antimatter? What is Dark Matter? Are there Extra Dimensions?

in the lab

) b ucts and websites at GPEPphysi
u.s. Depanment of Energy u S National Science Fcund'—l n, & Lawrence Berkeley National Laboratory.
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Theoretical knowledge of
QE and 1mt cross sections is
important to carry out a
precise neutrino oscillation
data analysis...

12¢ — Liquid scintillators
160 — Cerenkov detectors
A — TPC’s (time projection
chambers)

QUASTELASTIC PEAK

SMTRTUAL W BY ONE WNUCLEOMN
=



For instance, let’s look at v, + AZ

Bagicbject

ihside of the nuclear medium.

= = —=LucWH
d kY dE’ |k | 472
Lo = kiko+khky— guok -k +iepoapsk’ Kk’
WHo = WH 4wk

W f— Im {1157 (g, p) + T3¢ (g, p) } ©(q°)

{2 /— Re {147 (q,p) — 17 (4, p) } ©(¢°)

vp
Ly, Z0 ~

(g, p)

Selfenergy of the Gauge Boson (W*, Z9, ~)

Perform a Many Body expansion, where

the relevant gauge boson absorption modes should be systematically

incorporated: absorption by one N, or NN or even 3N, real and virtual

(MEC) meson (7, p,

-+ +) production, A excitation, etc...

Juan Nieves, IFIC (CSIC & UV)




2. Neutrino-nucleus inclusive QE scattering : MiniBooNE M 4 puzzle

Ii QUASIELASTIC PEAK
Vi
EEEEEEEEENE NN ENNENEEENEER Long range
correlations S
Fermi motion
&
. . @
Pauli blocking
VIRTUAL W BY ONE NUCLEON
Short range .
correlations
1plh
F. Sanchez @ excitation
TMEX 14

Juan Nieves, IFIC (CSIC & UV)




MiniBooNE CCQE (PRD 81, 092005) Target

Booster .

dT, dcosd, s MiniiBooNE data (5N=10.7% ) and D ; _
.......................... ecay s
.................................. E MiniBooNE data with shape éerror .
s {5 — = —— Horn Region Earth  Detector
ap . e [T g - ., -
15 o ; N T primary beam secondary beam  tertiary beam
1: ' ] (protons)  (mesons) (neutrinos)
°y - .
o.

The largest background is from CC single
pion production: CC1mt™

I: p#+p{n)4@‘rp(n)+7r
]:p#+n—r@+p L@”’#
\ | — '

[

—e tv,trp,

0 (S 1 —
n \ Cherenkov 2 = e+ Ve + pp,' 3 ettt
p
(Scintillation) 1 muon events ! 2 muon events
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¥ Old fit with 1- contour
. Mi":l.ﬂS GeV,k=1.000

1}=47.0/38
M (GeV)=1.35
k=1.007

—h

a 16
E 14 ;
o T | T e e S —,
g 1. JiniBooNE daia with shape error
= - --— MiniBooNE data with total error
4 Ol RFG model with M= =1.03 GeV, k=1.000
2 i_ —  RFG model with Mf:" =1.35 GeV,k=1.007
84 0c 03 "1 12 14 gERT gy
- 15’—"1 0>
£ 1a- (b) R
T2E T
°© 10 i G, L SO T
8 5_ ——a—— MiniBooNE data with total error
6 E- A e RFG model with M =1.03 GeV, k=1.000
4 = — RFG model with Mé"=1.3.'s GeV,k=1.007
2E. Free nucleon with M,=1.03 GeV
u E el el R L
10" 1 10 EXF(Gev)

ﬂ-f_ﬁrr — 1.35 GeV
VS
1.03 GeV (world avg)
confirmed by many other groups,
for instance by Benhar et al.| (PRL

105, 132301)

. T T T ]
= r+4, @ --—-- M, = 1.80 Ge¥V |
--l-E | ‘+- M, — 135 GeWV b
5 1oon i* —— — M, = 103 Ge¥V ]
T, | - \\:{i 4: i
= - ~ e 1
= [ . \‘*’ _
= s ~ 2 i
"E - - h-h:-..é:n+ -
B - 5*—“!‘!.-..._* :

- R B TR e =2 S N
500 1 By 1500 i
T, [MeV]
y

ChPT O(p3) + single pion electroproduction data: M, = 1.014+
0.016 GeV (V. Bernard, N. Kaiser, and U. G.Meissner, PRL69,
1877 (1992))

 CCQE measurements on deuterium and, to lesser extent,
hydrogen targets is Ma= 1.016 + 0.026 GeV (A. Bodek, S.
Avvakumov, R. Bradford, and H. S. Budd, EPJC 53, 349 (2008))
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( W NN — NN \ WN— Nr—=Npty,
WT n — p +

, H
h D Np " N N nt
- - u- -
Wt A A Vi

...but key observatioh (Martini et al., PRC 81, 045502): in most theoretical works QE is used for
processes where the gauge boson W* or Z°is absorbed by just one nucleon, which
together with & lepton is emitted.

However in the recent MiniBooNE measurements, QE is related to processes in which only a muon is
detected (ejected nucleons are not detected !) = CCQE-like
It discardg pions coming off the nucleus, since they will give rise to additional leptons after their decay.

It includes multinucleon processes and others like 11 production followed by
absorption (MBooNE analysis Monte Carlo corrects for these latter events).

Juan Nieves, IFIC (CSIC & UV)




CCQE on °C

(]

9 | =
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b — Gi ]
—_— Madlljjilff, RMF
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L Nieves, LFG+SF+RPA i
-—-- RFG, M, =1 GeV
2= gy B & e RFG, M, =1.35 GeV 7
- Martini, LFG+2p2h+RPA -
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0 L/ | ‘ | ‘ | | ] ‘ ] ‘ ]
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W+ n - p
g p
_+_
W n

0. Benhar@NuFacT11: [arXiv : 1110.1835] measured electron-carbon
scattering cross sections for a fixed outgoing electron angle # = 37° and
different beam energies € [730, 1501] GeV, plotted as a function of E,,

25

20—

do/d0dT, [ub/sr/GeV]

0 1
0.00

etCoe'+X
6, = 37°

i ©B,= 730 MeV ]
:1’ 961 MeV
| | o 1108 MeV ]
Il 1299 MeV 1
: 1501 MeV ]

Ve $ 3 - o 1
U K W~ i e WO

0.25 .50 0.75 1.00 1.25

T, [GeV]

The energy bin corresponding to the top of the QE peak at F, =

730 MeV receives significant contributions from cross sections

corresponding to different beam energies and different mechanisms!
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25 L I | | | | | | | | | I | | LI | | | | |
I T Spectral Function (SRC) do not populate
' (e,e’) Carbon target : the dip region
— _ _
> 201 E, = 730 MeV, 6, = 37° -
O I ) e Spectral Function (SF) 4 Final State Interaction (FSI):
} i I dressing up the nucleon propagator of the hole (SF) and
N — — particle states in the ph excitation
’ ticle (FSI) states in the ph excitat
o _ i
i - -
b i ] ‘ — Change of nucleon dispersion relation:
3 B | 5 * hole = Interacting Fermi sea (SF)
T ]'O i o % ®®®®(I> i ,!JJ # particle = Interaction of the ejected nu-
% i <D®<I> o ®®<]>(]>® i cleon with the final nuclear state (FSI)
i o0 o
N I 0 o 42 u " +o0 o
S ! | ! G(p) - [ dootP) / do—o2P )
io 5 __ —_ l}+ | IU o P mw-—ie . P! —w+ie
- o . /“ - The hole and particle spectral functions are
r o 1 p'|'{1 related to nucleon self-energy in the
O @ L1 1 | | I I | I I | I I I | | f—t— 1 L Hlec“ um,
q - -
00 01 02 03 04 05 6(p) = 1), 1)
Benhar, Coletti, Meloni, W [Ge\]] p’-e(p)-ie p°-e(p)+ie

PRL 105, 132301 (2010) Juan Nieves, IFIC (CSIC & UV)




Im>(w,p )

Spn(w,7) |= F

P

1
T w2 — p2 — MX< ReX(w, p)]” + [ImXE(w, p)}

with w > p or w < p for S, and Si< respectiviely

(12 is the chemical potential).

Basic object: nucleon selfenergy in the medium: X (from realistic NN
interactions in the medium).

This nuclear effect 1s additional to those due to

RPA (long range) correlations !!

Juan Nieves, IFIC (CSIC & UV)




The simplest description = relativistic Fermi Gas with Local vs Global Fermi Gas ¥

non interacting fermions | =0}, kp(r) = [Eﬂgp[r);’i} U3\ kp= cte ?
W] -He), Sh(w, 7) = 8w = B(F))0(kr - |5)/2
S(w.p) = -F
P( p) QE(p) ( (p)) - "
(kF i |) n () = PR / dw2wSh(w, p)
(4] = o) %
P M T N L B B R = e 0k — |p|)
bk ! [~ Lafames  H F
and only Pauli blocking is incorporated!! N S 2y
L / : ! P B = 4/(2T)3/mmh( 7 )
= t ; | 7
Z 12 o
Local vs Global Fermi Gas 7 jgm i _ / (;f; e (1) - 7
B (r) = [3ﬂ2pp-‘"(1‘)}w vs k= cte ? o

([ dpn(l5]) = A

Convolution approach: C. Ciofi degli Atti, S.
Liuti, and S. Simula, PRC 53, 1689 (1996),

provide realistic distribution due to short-

range correlations !

Juan Nieves, IFIC (CSIC & UV)




Superscaling approach: Inclusive electron scattering

data exhibit interesting systematics that can be used to
predict (anti)neutrino-nucleus cross sections (T. Don-
nelly and I. Sick, PRL 82, 3212 (1999)),

do
- / /
f _ kF dQ2'dFE

Zo'ep + Noen

o = f(v), with v/ =¢'(¢°,|7])

e [ is largely independent of the specific nu-

cleus

Scaling violations reside mainly in R7: excitation

of resonances, meson production, 2p2h mecha-
nisms and even the tail of DIS. An experimental
scaling function f(v’) could be reliably extracted
by fitting the data for Ry, .

Superscaling function does not
take into account dip region
events

v QE cross sections can be calculated with the
simple RgFG model followed by the replacement

ngFG — fexp-
Juan Nieves, IFIC (CSIC & UV)




V]

AR RN RRRRRURNERLRNENY!

Long range

orrelations R
Fermi motion

&
Pauli blocking

Solution:

Multinucleon mechanism
(renormalization of the
interactions inside of a nuclear

i medium...)

Short range
correlations
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Polarization (RPA) effects.l Substitute the ph excitation by an

RPA response: series of ph and Ah excitations.

W 1. Effective Landau-Migdal interaction
. v “ Vi) = s - ) {[ )]+ ment
. + | go(p)F102 |+ 96(0)&’132?’1?’2}
Isoscalar terms do not contribute to CC

2. S =T =1 channel of the ph—ph interaction — s

longitudinal (7) and transverse (p) + SRC
9031527172 — [Vi(@)didj + Ve (@)(8ij — 4:dy)] o1 od 717

JaNN,pNN q*
Vii(g) = —=~ Frp(¢®)5———5— +91.:(q)
TP 9= — Mz p

3. Contribution of Ah excitations important

Juan Nieves, IFIC (CSIC & UV)




a(p)/o(e)
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Only QE: RPA effects
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B
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QE (relativistic with RPA ) ~&-
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Pauli
Full model

i+

Only QE: RPA effects

2
g S~ B, = 0.65 GeV
2 y . | . \
= 150/ \ v, +12C (FSI not included)
(]
,’;E | L aesss b . QE (relativistic without RPA )
L / . a "‘-ﬁ..n__ QEF (relativistic with RPA } -
‘: | ‘\ E-.
. 1 all o \\\u-\“\_
N / p-"‘ E,
| |
| \
=T |7 NE
— ] L
h"""‘--..._ '
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)
= E \
B,
] %
0 ' . ' 1 ﬁa’“’*ﬂ-a
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RPA corrections strongly decrease as
the neutrino energy increases. How-
ever, their effects might account for a
low Q? deficit of CCQE events and af-
fect the o, /0. ratio (~5 %)

Juan Nieves, IFIC (CSIC & UV)




do /dE)d|q| [10~"%cm?/MeV?]
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Pauli [107 s— 1]
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Exp [10% s 1]

(]_—.I-an _ ]_—.’l'h) /r\l-Cxp

12

160

18

23 Na
40 1,
44Ca
5 Al
1 12(—:(1
208 b,

5.42
17.56
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58.38
465.5
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1148

1825
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3.21
10.41
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2

—
—

FG o |
+pot -~ |
+SF - |

+RPA —

dordQ” [107°° em®I1Gev™]

o —= ko Lo e MO =] Do D
T [ m— R

0 02040608 1 12 14
0 [GeV]

RPA vs SF effects: Differential cross sections for the CCQE
reaction on 12C averaged over the MiniBooNE flux

(Alvarez-Ruso L et al., 2009 AIP Conf. Proc. 1189 151)

[RPA SF |~

It depends on the specific
kinematics and observable !




2p2h: Inclusive electron-nucleus scattering

0 (e,e")
15:— ‘/,{\ E=1080 MeV, 6-32° —

do/dOdE' [107°%cm?®/sr GeV]

EXCITATION OF A (1232) DEGREES OF FREEDOM

Juan Nieves, IFIC (CSIC & UV)

Dip region 2p2h /ZF'
Yy*"NN — NN




2p2h (two body absorption) contributions

RPA corrections to

[Zth contributions} _‘_r,'r"' _di"' ) _'c,:""
| 4 +

w w (OO} ¢ - %0

mUy—a +b
' L-UgVi} |- Uy d -~

Two cuts: y*NN - NN ‘9 6 +p Og/* /(%] 6/

¥Y*N - N1t (dressed)

[A. Gil et al.,NPA 627 (1997) 543; NPA

627 (1997) 599]
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Meson Exchange Contribution

Juan Nieves, IFIC (CSIC & UV)




_I | B I | L I | I I | LI I.II:I | L I | L I | I I | L I_ P A dominant Component Of
L (e,e'X) En =630 NeV ) the pion production
e | 50" - contribution
4 4 — e Missing strength both at
£ 70 ] the dip region and the A
g i 1 peak
&R £l _ ~
Totsl roedhg . . el ~ .
plom @ " (rodace, p . > \
- \ _ Y
n I 1111 I 1 1 01 IJ J_hdLI‘-- | | I 1L 111 I L11 L1 11 I L1 1 ..r*f
100 180 200 A0 300 . 360 400 480 Y-

one of the terms generates the
A contribution
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WNN —~ NN i
Wt n — p W+ N-— A N* W'N-— N, Np, .. — 6
wt Ell
q % S5
&
|
b p+q g 4r
n p —+ to. 23
m’- -
S 2r
S |
q
g [
W+

MEC—> QE like ! -

PRD D76 (2007) 033005
PRD D81 (2010) 085046

+ arXiv:1510.06266
(Watson’s theorem)

———- A+lplhlm+2p2h| -

QF :

Full model -
Only A
2p2h

0 =60° -
E, =750 MeV -
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d’o

MiniBooNE CCQE-like double differential cross section TTodeosd,

We define a merit function and consider our QE-+2p2h results

2
d2o_e:1:p dQO_th
5 <l )\(dTudcosﬂ)._(dTpdcosﬁ'). (A—l)z
X:Z z ot N
d?c
=1 AA (dTpdcosﬁ)i

that takes into account the global normalization uncertainty (A) =
0.107) claimed by the MiniBooNE collaboration.

We fit \ to data with a fixed value of M, (=1.049 GeV).

The microscopical model, with no free parameters, agrees
remarkably well with data! The shape is very good and y?
strongly depends on A\, which is strongly correlated with 4.




d°6/dT d cosd

(10°° em” / GeV)

H

H

T . As suggested by Sobczyk et al.

Juan Nieves, IFIC (CSIC & UV)

PRC 82, 045502

| | ———
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] - | n | o
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©
| \ ALV
. . . o o .
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= o . i 2 RPA (long range
I 5‘-;?“‘"“ Enm=3Gev J correlations) the weak
) L s ] . .
2 7 probe interacts with the
L 6
R, nucleus as a whole,
@
5 4f
3 3
g of
1
| 5' RPA effects — 0, when
bl T R 1 . o
o [
= RO < _ /\/@ < nuclear radius, since
: QE RPA / QE noRPA \3\ then the probe would see the
0.5% individual nucleons or even the

0 \0.5 I 15 2 25

Q? (GeV?) partons
Deplection at low Q? values
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N events/0.05 GeV?

300

250

200 —

150

100 -

. |
* NOMAD data 1
---- MC (DPMJET)
Background

% 7 V. Lyubushkin et al. (NOMAD Collabo-

{J+ | ration), Eur. Phys. J. C 63, 355 (2009). In
%J the two-track sample, which is primarily

+ | Q? above 0.3 GeV?, a large fraction of the

L | 2p2h component, as well as QE and pion

- production where the hadrons rescattered as

. they exited the nucleus, are rejected.

0° (GeV?)

It is observed a relative deficit at Q? = 0.3 and excess at 1.5 GeV?
compared to QE without RPA. If the first two or three points are
eliminated, the distribution will be consistent with M4 ~ 1.2 GeV.

Juan Nieves, IFIC (CSIC & UV)
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We compare rather well with Martini
et al., PRC 84, 055502 for bare QE and

QE+RPA

...however our 2p2h contribution

about a factor of 2 smaller!

Juan Nieves, IFIC (CSIC & UV)
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Differences with the work of Martini et al. (PRC80,065501)

1. Similar foicthe 2p2h contributions driven by Ah excita-

tion (both groups use the same model for the A—selfenergy in

the medium).

2.(Martini et al. do not consider 2p2h contributions drlve
by contact, pion pole and pion in flight terms.

3. Martini et al. give approximate estimates (no microscop-

ical calculafion) for the rest of 2p2h contributions [relate

them to the absorptive part of the p—wave pion-nucleus optical

potential at threshold or to a microscopic calculation by Alberico

et al. (Annals Phys. 154, 356) specifically aimed at the evaluation

of the 2p-2h contribution to the isospin spin-transverse response,

measured in inclusive (e, ¢') scattering].

This 2p2h parametrization includes MEC
effects driven by the vector current !

Juan Nieves, IFIC (CSIC & UV)

Martini et al. model does not
account for the axial and axial-vector
interference contributions !




d*c/dcosB,/dT, [10*%cm?/GeV]

d*c/d cos0,/dT, [10~**cm?/GeV]

12¢ Foldc,d with MmlBoo\IE flux

08<(,Obt9,,<09

RPA+2p2h (IFIC) ===--
2p2h (Martini et al.,) ------ -
2p2h (IFIC) wveeees

MBooNE |

QE-like T

........
oooo
b
-

LI
fea,

2C Folded with MlnlBoo\E flux

08<cos9,,<09

RPA+2p2h (Martini et al.)) ——
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Martini et al., predictions look con-
sistent with MiniBooNE data ..., but
their estimate rely on some computa-
tion of the 2p2h mechanisms for (e,e’)
(Alberico et al.,) = no info on axial
part of the interaction!

...however our predictions for the 2p2h
contribution would favor a global nor-
This
would be consistent with the Mini-

malization scale of about 0.9.

BooNE estimate of a total normaliza-
tion error of 10.7%.

Juan Nieves, IFIC (CSIC & UV)




W number of hole lines (density) =®

2
MEC term
77777 > T
W 2
number of hole lines (density) = 2
I M EC / FSC
fffffffff \ | term
\ Effective NN interaction
in the medium. It is

not just a pion and
accounts for SRC and Juan Nieves, IFIC (CSIC & UV)
RPA correlations




number of hole lines (density) =@

Effective NN interaction
in the medium. It is
not just a pion and
accounts for SRC and
RPA correlations

MEC/ISC
term
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Effective NN interaction  ESC-MEC interference term

in the medium. It is
not just a pion and
accounts for SRC and
RPA correlations

Juan Nieves, IFIC (CSIC & UV)




number of hole lines (density) =® MEC-ISC inte rfe rence term

> ER—

Effective NN interaction

in the medium. It is
not just a pion and

accounts for SRC and

RPA correlations

Juan Nieves, IFIC (CSIC & UV)

Important ?
Benhar, Lovato,
Rocco [PRC 92
(2015) 024602]

IFIC 2p2h calculation
does not incorporate
these terms.

Martini et al.
predictions are based
on a 2p2h calculation
for (e,e'X) [Alberico
et al.,] that accounts
for such contributions
(only vector current)



3. Neutrino energy reconstruction

Neutrino beams ARE NOT monochromatic. For QE-like events,
only the charged lepton is observed and the only measurable quantities
are then its direction (scattering angle , with respect to the neutrino
beam direction) and its energy E,. The energy of the neutrino
that has originated the event is unknown. Assuming QE dy-
namics is defined a “reconstructed” energy

ME, - m/2
- M-E, +|p,|cost,

Tec

(genuine quasielastic event on a nucleon at rest, ie. Fi is determined
by the QE-peak condition ¢° = —¢*/2M). Note that each event con-
tributing to the flux averaged double differential cross section

do/dE,dcos, defines unambiguously a value of E;... The ac-

tual (“true”) energy, E, of the neutrino that has produced

the event will not be exactly Ei...

f)

Flus-folded do/dT,dcosf, 7> CCQE-ike unfolded of £

Unfolding procedure needs theoretical input!

g true(E) - / dErec g rec(Erec) P (E‘Erec)
e S

EXP theory!
Prec(Eiec) i5 the pd of measuring an event with reconstructed energy

Eree. P(E|Ey) 1, given an event of reconstructed energy Ei, the

conditional pd of being produced by a neutrino of energy E.

..using Bayes's theorem P(E|F) could be related to

4 I )
P(E|E) s determined by dE—(E: Fre)
k IeC j

Juan Nieves, IFIC (CSIC & UV)




Neutrino Energy Reconstruction and
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Conclusions

e We have analyzed the MiniBooNE CCQE ;%2 data

using a theoretical model that has proved to be quite suc-

cessful in the analysis of nuclear reactions with electron,

photon and pion probes and contains no additional free

parameters.

e| RPA and multinucleon knockout have been found to be
essential for the description of the data.

e MiniBooNE v and v CCQE-like data are fully compat-

ible with former determinations of M4 in contrast with

several previous analyses. We find, | M4 = 1.08 & 0.03 |.

Juan Nieves, IFIC (CSIC & UV)




e Because of the the multinucleon mechanism effects, the
algorithm used to reconstruct the neutrino energy is not

adequate when dealing with quasielastic-like events.

e The inclusion of nucleon-nucleon correlation effects in the
RPA series yields a much larger shape distortion toward
relatively more high-¢° interactions, with the 2p2h com-

ponent filling in the suppression at very low ¢°.

Juan Nieves, IFIC (CSIC & UV)
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