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GRANDES AREAS

B Reacciones Nucleares:

[USE, IEM-CSIC, UHU, ...]
m Estructura Nuclear:
[UAM, IEM-CSIC, UCM, USE, UB, UCA, ...]
m Energias Intermedias:
[UCM, USE, IEM, UGR, IFIC-UV, UB,...]

m Fisica Hadronica:

[UB, IFIC-UV, UCM, USAL, USE, UGR, ...]
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Sistemas de tres cuerpos en el continuo: Estructuray reacciones

(E. Garrido, R. de Diego, C. Romero)

v' Resonancias y modos de desintegracién
» Resolucion de las ecuaciones de Faddeev en el espacio de coordenadas
> Aplicacion del método de rotaciéon compleja para obtener simultaneamente los estados
ligados y las resonancias del sistema

PRC 79 (2009) 054009, PLB 684 (2010) 132, PRC 82 (2010) 034001

v' Reacciones a muy baja energia

> Desarrollo de relaciones integrales para extraer la matriz S de la reaccion a partir de la
parte interna de la funcion de onda

» Aplicacion a atomos ultrafrios
PRL 103 (2009) 090402, PRC 81 (2010) 034002, PRA 83 (2011) 022705

v' Procesos de captura radiativa
» Aplicacion de las técnicas de tres cuerpos al estudio de reacciones de interés astrofisico
> Reaccion triple alfa y tasa de produccion de 12C en el medio estelar

JPG 37 (2010) 064027, EPL 90 (2010) 52001, JPG 37 (2010) 115105, EPJA 47 (2011) 102




FNT - IEM - CSIC — Madrid
P. Sarriguren, R. Rodriguez-Guzman, J. Rodriguez-Vignote

Electroweak Processes in Nuclei (+ UCM: E. Moya, J.M. Udias, O. Moreno)
« Electron scattering from exotic nuclei (PRC80, NIMAG637, PRC84)
 Parity violating electron scattering (NPA288, JPG36, JPG36, JPG37)
Isospin mixing in N=Z nuclei. Strangeness content of the nucleon
Neutron distributions. Neutron skins
» Betadecay and GT strength (PLB 680, PRC79, PRCS81, PRC81, PRC83)
Nuclear Structure: Nuclear deformation, BGT(J)
Charge exchange reactions
Astrophysics: Weak decay rates for r, rp processes
Particle Physics: Double beta decay

Structural evolution from Gogny-HFB calculations (+ UAM: L.M. Robledo)
(JPGB6 PRC81, PLB691, PRC82, PRC82, PRC83, PRC83, PRC83)
Microscopic justification of critical point E(5) and X(5) symmetries
* Onset of nuclear deformation. Axial and triaxial shapes
« Experimental signatures of shape transitions
* One-quasiparticle configurations in odd-A nuclei
« Mappings to IBM Hamiltonians
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UNIVERSIDAD COMPLUTENSE MADRID

, . < *Gamow-Teller strength
AREA DE FISICA NUCLEAR TEORICA distributions and beta+ half-lives in

- TEORIAS MICROSCOPICAS DEL NUCLED ATOMICO the lead region.
- PROCESOS NUCLEARES ELECTRODEBILES

- ANALISIS DE LAS IMPLICACIONES EN DIVERSOS TEMAS *Two-neutrino double-beta decay
CANDENTES DE LA FiSICA MODERNA: matrix elements.

*Parity-violation asymmetry in
Dispersion de electrones electron-nucleus scattering and its
conviolacion de pandad: . . . .
Desintegraciones mistribdcih de relation to neutron distribution
beta: _ neutronesen (PREX exp.).

Estabilidad y b nucleos yen
deformacion S 4 estrellas de

reutrohds *Analysis of beta-decay electron
. spectrum in a search for keV
¥ Extraneza . .
Reactipnes lo @ del'nudesn sterile neutrinos as dark matter

! r Loail ) .
interchmbio ¥ eiica bE candidates (MARE & KATRIN exp.).
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Mucleosintesis
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Intermediate Energies & Chaos in Hadrons

*Electron & Neutrino Reactions (USE, UGR, Experiments...)

*Application of spectral statistical techniques inherited from Quantum Chaos to
the experimental baryon spectrum. Most striking result: theoretical spectrum
from lattice QCD calculation from the Hadron Spectrum Collaboration at JLab

does not reproduce the statistical properties of the experimental spectrum [4].

[1] Spectral-Fluctuations Test of the Quark-Model Baryon ) )
Spectrum, C. Fernandez-Ramirez and A. Relafio, Phys. Experimental Theoretical LQCD
Rev. Lett. 98, 062001 (2007). ' : : - ‘ '
[2] Chaos in hadrons, L. Mufioz, C. Fernandez-Ramirez, 1 —Data | 1; —Data
A. Relafio and J. Retamosa, Proceedings of the B Chaos Chaos
Rutherford Centennial Conference on Nuclear Physics, to
be publised in the Journal of Physics: Conference Series
(JPCS) by IOP Publising (2011).

[3] Caos en hadrones, L. Mufioz, C. Fernandez-Ramirez, | %
A. Relafio and J. Retamosa, Resumen de las E: [
Comunicaciones de la XXXIIl Reunién Bienal de la Real 0.4 [ | oal
Sociedad Espafiola de Fisica, PubliCan Ediciones, |
Universidad de Cantabria, ISBN 978-84-86116-40-8

(2012). 0.2 1 0.2
[4] Spectral-statistics properties of the experimental and x\
theoretical light meson spectra, L. Mufioz, C. Fernandez- ; &
Ramirez, A. Relafio and J. Retamosa (submitted for 0o 1 2 3 4 o 1 2 3 4
publication to Phys. Lett. B). S s

0.8 — Integr. 0.8 — Integr.

0.6 1 0.6
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Theoretical highlights

Collective nuclei motion (superdeformation, superfluidity, etc.)

*Structure of exotic nuclei and weak interactions

. N
*Neutrinoless double beta decay j -
Island of inversion around %*Cr significant computational advance—
S. M. Lenzi, F. Nowacki, A. Poves, and K. Sieja * involving matrix dimensions reaching ten
Phys. Rev. C 82, 054301 (2010) billion—in shell-model calculations.

Self-consistent mean field and beyond
*Nuclear properties described with an “universal” density-dependent force
and state of the art beyond mean-field calculations
«Configuration mixing techniques & symmetry restored wave functions

*Applications: subshell closures, shape coexistence, transition
probabilities, etc.


http://link.aps.org/abstract/PRC/v82/e054301
http://link.aps.org/abstract/PRC/v82/e054301
http://link.aps.org/abstract/PRC/v82/e054301

GRUPO FISICA NUCLEAR BASICA
UNIVERSIDAD DE SEVILLA



GRUPO ESTRUCTURA NUCLEAR

Phase transitions in quantum many-body systems within algebraic models:

Given two hamiltonians H, and H, that describe different system structures, a transitional hamiltonian can be
constructed as H =x H, + (1-x) H,

A QPT occurs at some critical value of the control parameter x that controls the relative weight of H, and H,

Algebraic models are very well suited to study such hamiltonians since in that case H, and H, correspond to
different dynamical symmetries.

QPT's in boson, fermion and mixed systems can be studied.

« Nuclei (collaboration with Padova and Huelva): =0

- odd-even nuclei and critical point symmetries within IBFA. 0
- effect of three-body terms within the IBA.

TOPICS (2011) 004) =08 /\ 1=0.936 A=11

950 1000 1050 950 1000 1050 950 1000 1050
E

1=0.8 1=0.936 A=1.1

« Molecules (collaboration with Huelva): G004
- finite size N effects in molecular systems within the vibron model. I
. : . . 0
« Lipkin model (collaboration with Huelva and CSIC Madrid): 50 1001050 550 190 1050 950 1000 1050
- phase transitions in excited states and its connection with quantum
decoherence. 08

1=0.8 1=0.936 “ =11

« Dicke model (collaboration with CSIC Madrid, Huelva and Prague):
- phase transitions in excited states and the connection with quantum chaos. 0720 30 230010 203040010 2030 3 50
t
P. Pérez-Fernandez et al. Phys. Rev. E 83. 2011, 046208; Phys. Rev. A2011, 062125; J. Phys. Conf. Ser. 284. 2011, 012049.
L. Fortunato et al., Int. J. Mod. Phys. 20. 2011, 207;J. Barea Mufioz et al., Phys. Rev. C83. 2011, 024307; L. Fortunato et al.,
Phys. Rev. C84, 2011, 014326; P. Pérez-Fernandez et al., Phys. Rev. A83, 2011, 033802




GRUPO REACCIONES NUCLEARES. UNIVERSIDAD SEVILLA

Efectos de polarizacién dinamica en dispersion de nucleos halo a energias en torno a la barrera.
* Tratamiento del continuo de sistemas de 2 y 3 cuerpos usando bases discretas.

« Inclusién de excitacion del core en la dispersion de nucleos halo.

* Interpretacion de experimentos con haces exoticos (RIBRAS, TRIUMF, ISOLDE, etc)

« Estudios de reacciones de transferencia de dos particulas y resonancias pigmeas en nucleos exoéticos.

* Global, dispersive, coupled-channel optical model potential for nucleon-nucleus scattering

| Algunos resultados ilustrativos

Resumen de publicaciones: |

» 2010: 26 publicaciones
» 2011: ~6 publicaciones

Desarrollos en teoria de reacciones e interpretacion
de experimentos con haces radiactivos
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Electroweak Reactions at Intermediate Energies

Beyond the Impulse Approximation: MEC, 2p-2h contributions, ...
Electron scattering on few-body systems: 3-He, 4-He

Relativistic analyses of electron & neutrino scattering reactions
Scaling phenomenon in lepton scattering

Parity violation in electron scattering: strangeness in the nucleon
MiniBooNE Collaboration,...

Colaboracion con UCM y UGR

Universality of the scaling
function: it can be used to
predict neutrino-nucleus cross
sections.

16

14
12

10 +

Essential to analyze neutrino
oscillations: MiniBooNE,

Minos, K2K.




GRUPO ESTRUCTURA MATERIA
UNIVERSIDAD DE HUELVA



1. Estudio de la coexistencia de

forma en el Pt.
J.E. Garcia-Ramos, V. Hellemans
y K. Heyde, PRC 84, 014331

(2011).
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2. Triaxialidad en el IBM usando una interaccién quadupolar bosénica a tres cuerpos
L. Fortunato, C.E. Alonso, J.M. Arias, J.E. Garcia-Ramos y A. Vitturi, Phys. Rev. C 84, 014326

(2011)

3. Estudio de caos cuantico y “quantum quentch” en sistemas de interés en 6ptica cuantica.
P. Pérez-Fernandez, P. Cejnar, J.M. Arias, J. Dukelsky, J.E. Garcia Ramos y A. Relafio, Phys. Rev. A 83, 033802

(2012).
P. Pérez-Fernandez, A. Relafio, J.M. Arias, J. Dukelsky, J.E. Garcia Ramos y Phys. Rev. E 83, 046208 (2011).

4. Correcciones de tamafio finito en el punto critico de un Hamiltoniano del modelo vibrénico U(3).
P. Pérez-Fernandez, J.M. Arias, J.E. Garcia-Ramos y F. Pérez-Bernal, Phys. Rev. A 83. 062125 (2011).

F. Pérez-Bernal, O. Alvarez-Bajo, J.M. Arias, M.Carvajal, J.E.Garcia-Ramos, D.Laresey

P. Pérez-Fernandez, Journal of Physics: Conference Series 284 (2011) 012049.
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Theory

Hartree-Fock and self-consistent continuum RPA with finite
range interations

(Anguiano, Lallena, De Donno, Co’, collaboration Granada-Lecce)

Self-consistent continuum RPA calculations with finite-range interactions
[Phys. Rev. C 83 (2011) 044324]

*Tensor effective interaction in self-consistent RPA calculations.
[Physical Review C 83 (2011) 064306]

Self-consistent continuum RPA calculations of “He electromagnetic
responses. [Phys. Rev. C 84 (2011) 037306]

*Mean-field calculations of exotic nuclei ground states
[submitted to Phys. Rev. C]



Theory

Atomic structure and correlations

(Buendia, Galvez, Sarsa, Maldonado)

*Relativistic, numerically parameterized, optimized, effective potentials for
the ground state of the atoms He through Ra

[At. D. Nuc. D. Tab. 97 (2011) 109-133]

*Relativistic quantum similarities in atoms in position and momentum
spaces
[Physics Letters A 375 (2011) 2544-2549]

«Jastrow correlated and quantum Monte Carlo calculations for the low lying
states of the carbon atom [J. Chem. Phys. 134 (2011) 134102]

Quantum Monte Carlo and Fermions

(Arias de Saavedra, Kalos, Pederiva)

«Cancellation time for correlated random walkers [Mol. Phys.
DOI:10.1080/00268976.2011.604647]




FISICA NUCLEAR A ENERGIAS INTERMEDIAS - U. GRANADA
GRUPO FQM225
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GRUPO FISICA NUCLEAR
UNIVERSIDAD CANTABRIA



Modelos relativistas de

estructura nuclear

« Aproximacion de Hartree-Fock (RHFA)
« Correlaciones pairing en BCS

« Términos de acoplamiento de mesones virtuales: pion y
meson sigma

« Radio cuadratico medio de carga en la cadena del Ca:
efectos de energia de simetria

« Aplicaciones en estrellas de neutrones
« Simetria de pseudoespin



GRUPO FISICA NUCLEAR TEORICA
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R Nuclear Physics @ the University o¥ Barcelona

)
[)

Participantes/Investigadores Colaboraciones:
Mario Centelles (TU) Emmanuel Chang (PostDoc FIS2008-01661) Granada,Madrid, Valencia,
Joan Martorell (CU) Bruno Julia-Diaz (PostDoc ICFO) Bergen,Saclay, Tubingen,
Assumpta Parrefio (PA) Bharat K. Sharma (Postdoc CPAN) Kiev, Torino,Catania,

Artur Polls (CU) . . Orsay, Lublin, Milano,
Angels Ramos (CU) Arianna Carbone (FI DGR 2011, Generalitat Catalunya) Roma., St. Louis, La Plata,

Fco Javier Vifias (CU) Clara Estela Jiménez (Becaria FIS2005-03142) NPLQCD-USA
Volodymyr Magas (RyC) Marina Melé (Becaria FIS2008-01661)
Axel Pérez-Obiol (Becario APIF, UB)

Lineas de investigacion y métodos

Fisica Hadronica espectroscopia, interaccion fuerte a dos cuerpos, resonancias hadrdnicas
(lattice QCD, lagrangianos quirales, teorias efectivas, ec. Bethe-Salpeter con canales acoplados)

Estructura Nuclear y nucleos al limite de la estabilidad, extrafieza y charm en el medio nuclear
Sistemas Nucleares Exoéticos

EOS y aplicaciones en Astrofisica Nuclear y Colisiones de lones Pesados
EOS de las estrellas de neutrones, materia nuclear simétrica y asimétrica, RHIC, LHC
(funcionales de la densidad, Funciones de Green autoconsistentes, BHF, DBHF, Modelo Multimodular para RHIC)

Gases atomicos ultrafrios mezclas boson-fermion, dinamica de los condensados spinoriales
(teoria BCS, funciones de base correlacionadas, ecuacion de Gross-Pitaevskii)




18 Publicaciones en revistas en 2011 + 17 contribuciones a conference proceedings

3 Phys. Rev. Lett.
1 Mod. Phys. Lett. A

4 Phys. Rev. D
1 New J. Phys

5 Phys. Rev. C
1 Mol. Phys

1 Phys. Lett. B 1 Eur. Phys. Lett
1 Ukrainian J. Phys

2011 highlights

Iﬂ Physics: Binding baryons on the lattice

April 26, 201 07
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State of the art computer simulations provide the
tirst indication of a dibaryon bound state

S.R. Beane, E. Chang, W. Detmold, B. Joo, H.W. Lin, T.C. Luu,
K. Orginos, A. Parrefio, M.]. Savage, A. Torok, A. Walker-Loud

Phys. Rev. Lett. 106, 162001 (2011)

Sponsors:

Neutron Skin of 2%Pb, Nuclear Symmetry
Energy, and the Parity Radius Experiment
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Parity-violating electron scattering is studied
at conditions of the PREX experiment of JLab.
The consequences for the determination
of the neutron skin thickness of 2%Pb
and for the density dependence
of the nuclear symmetry energy have been analyzed

X. Roca-Maza, M. Centelles, X. Vinas, M. Warda
Phys. Rev. Lett. 106, 252501 (2011)

o ATIN Generalitat de Catalunya

] ] -
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Institut de Ciéncies del Cosmos —
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Ingenlo 2010




GRUPO FISICA NUCLEAR & HADRONICA
IFIC-CSIC, UNIVERSIDAD VALENCIA



GRUPO FISICA NUCLEAR TEORICA @ IFIC

E. Oset, M.J. Vicente-Vacas, J. Nieves, Luis Alvarez-Ruso, Raquel Peralta, Ignacio Ruiz (UGR),
Javier Garzon, Ju-Jun Xie, Manuel Pavén-Valderrama, Bao Xi-Sun, Melahat Bayar, Francesca
Aceti, Chu Wen Xiao, Huaxing Chen, En Wang, Carlos Hidalgo

v' Estructura e interaccion entre hadrones en el espacio libre

= Teorias efectivas: simetria quiral, simetria de quarks pesados, limite de
numero de colores muy alto

= Unitariedad y generacion dinamica de resonancias
v Modificacion de las propiedades de hadrones en el seno de un medio nuclear
= Extrafieza y encanto en un medio denso

= Respuestas nucleares a pruebas electrodébiles en procesos inclusivos

Dynamically generated resonances (mostly involving charm dynamics)

E. Oset, R. Peralta, E.J. Garzén, Bao-Xi Sun, Ju-Jun Xie, J. Yamagata-Sekihara, M.J. Vicente-
Vacas & J. Nieves (IFIC) + A. Ramos (Barcelona), L.L. Salcedo & C. Garcia-Recio (Granada), L.
Roca (Murcia), B. Zou (Beijing), L.S. Geng (Mlinchen), L. Tolos (Barcelona)+...

1) Prediction of novel exotic charmed mesons, ii) Dynamically generated N* and L* resonances in
the hidden charm sector, iii) Charmed hadrons in nuclear matter, iv) Isospin breaking effects, v)
Exotic dynamically generated baryons with charm -1, ...
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microscopial evaluation of 2p2h

contributions

i

do/dT d cos, 10°" cm’ / GeV)

|. Ruiz-Simo (UGR), M.J.

Vicente-Vacas & J. Nieves (IFIC)

L {I{ﬁ\k} 0D.9s5L 0.535L 0.15L -0.25L -0.65

. S P I i i j

[ 4 iﬁiﬂu L

ﬁ L 1 L L g".u_ h'n_ !h. q:'-..,

= }H'LL% 0.85L 0.45L 0.05L =035 -0.75
*

. " |

i ; : K B i—i K B

I . 1 }ihn I il"-‘-....l_ I h:'gu I“qh- I "‘.

L ! 075k 0.35L -0.08 -0.45L -0.85

o

P N [% [ [
L ey M L a, A

L 0D.65L 0.25L 0183 -0.55L -0.95
4

[ ; K ) Eg? L | ]
L P .Qlu 1 '\°.. - I‘::. \

0 1 0 1 © 1 1

™

cm’ SGeW)

do/dT, d cos8, (107"

15

— Full Model

---- Full QE (with EPA)
Multmueleon

--- Mo EPA, No Multmme.

M,=1040GeV

0.80 < Cos ,< 090 |

.\'..
a —
A 7y

%

|

' 3
] .|.?§Ti?'i'r-l ]

1 13



GRUPO DE FISICA HADRONICA — MODELOS DE QUARKS
Departamento de Fisica Teorica e IFIC. Universidad de Valencia — CSIC

Pedro Gonzalez Marhuenda, Santiago Noguera Puchol, Vicente Vento Torres, Javier
Vijande Asenjo, Vincent Mathieu, Alejandro Marti Jiménez-Arguello

Espectroscopia hadronica: construccion de modelos de quarks para mesones y

bariones basados en QCD y fenomenologia.
Phys. Rev. C (1), Phys. Rev. D (1), Phys. Lett. B (1), Few Body Syst (3), Int, J. Mod. Phys.
(2), AIP Conf. Proc. (1).

Dispersion Profundamente Inelastica: calculo de distribuciones generalizadas

de partones (GPDs) y de amplitudes de transicion (TDA’s).
Phys. Lett. B (1), Scholarpedia (1), AIP Conf. Proc. (1)

Monopolium (estado ligado de monopolo-antimonopolo magnético): analisis de
la posible produccion de monopolium en el LHC mediante el mecanismo

de fusion fotdnica.
arXiv (hep-ph) (2).




GRUPO FISICA NUCLEAR
UNIVERSIDAD DE SALAMANCA



UNIVERSIDAD SALAMANCA

Conrado A. Torres, T. Fernandez, F. Fernandez, E. Hernandez, D. R.
Entem, J. Segovia, A. Valcarce

Lineas de trabajo:

sInteraccion barion-barion en modelos quarks
*Espectroscopia de hadrones en modelos quarks
*Transiciones electrodébiles en mesones y bariones con quarks pesados

*Produccion de piones en dispersion neutrino-nucleo y neutrino-nucleodn

Publicaciones:

2010: PRD82 054032; PLB693 305; PRD82 077303; EPJA46 223

2011: PLB699 291, Phys. Rep. 503 1; PRD83 114018; PLB696 352;
PRD84 057902; PLB704 499




GRUPO FISICA de PARTICULAS Y TEORIA
NUCLEAR

UNIVERSIDAD MURCIA



Fisica de Particulas y Teoria Nuclear

« Miembros:

J.A. Oller, L. Roca

Colaboradores: Z. Guo, M. Albadalejo, L. Alvarez-
Ruso, M. Verbeni

 Lineas de investigacion:

Interaccion de mesones
Interaccion nucledn-nucledn
Teorias efectivas quirales
Fisica de neutrinos



GRUPO FISICA ATOMICA, MOLECULARY
NUCLEAR
UNIVERSIDAD ISLAS BALEARES



Universitat de les Quantum Physics Group at Mallorca
Illes Balears

« We investigate quantum transport at the nanoscale:

1. Numerical Renormalization Group calculations of strongly correlated quantum
dots: J.S. Lim, D. Sanchez, R. Lopez et al., Phys. Rev. B 81, 235309 (2010); Phys.
Rev. B 83, 155325 (2011)

2. Nonequilibrium fluctuation-dissipation theorems: R. Lopez, D. Sanchez et al.,
Phys. Rev. Lett. 104, 076801 (2010)

3. Majorana fermions in nanostructures: J.S. Lim, R. Lopez and LI. Serra, in

preparation (2011).

4. Quantum information: A. Borras, M. Casas et al., Phys. Rev. A 79, 022112
(2009)



SUMMARY

Nuclear Structure and Reactions:

UAM, IEM, UCM, USE, UGR, UCA, UB,...
Hadronic/Intermediate Energies:

USAL, IFIC-UV, UGR, UB, UCM, USE,...

Close collaboration with experimental facilities and groups: BNL, RHIC,
JLAB, KEK, Daphne-Frascati, MAMI-Mainz, ELSA-Bonn, GSI-FAIR, etc.

*12 Research Groups: ~60 staff researchers + ~40-50 (RyC, JdC,...) +
PhD students

-9 PhD Thesis (2010/11) [UB, IEM-CSIC, UCM, UGR, USE]

RESEARCH TOPICS:



Nuclear Reactions

Description and treatment of continuum

Scattering, break-up and transfer
reactions for halo nuclei

Reactions of astrophysical interest
Three-body systems in the continuum
Reactions with exotic beams

Heavy ion collisions

Beta decay, GT strength, ....

Intermediate Energies

Electron scattering from exotic and few-
body systems

Meson-exchange-currents, correlations,
multi-nucleon effects

Scaling arguments applied to lepton
scattering

Neutrino-nucleus scattering: oscillations
Parity-violation in electron scattering
Structure of nucleons inside nuclei,...

Algebraic models & phase transitions

Chaos in nuclei

Large shell model calculations

RPA & correlations

Relativistic Mean Field

Self-consistent (deformed) mean field and beyond
Few-body systems

Shape coexistence, ...

Hadronic Physics

PV electron scattering from nucleons
Hadron-hadron interactions
Hypernuclear Physics

Hadron spectroscopy

Neutrino Physics

Deep inelastic scattering

Lattice QCD & effective theories
Hadron resonances,...



