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Doubly charged scalars at LHC

Quantum Walks

A. Santamaria

Doubly charged scalars can be produced and detected at LHC

They can belong to different muttiplets.

Can one discriminate them at the LHC?

F. del Aguila, M. Chala, AS, J. Wudka, Phys.Lett. B725 (2013) 310-315
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M. Hinarejos and A. Perez

Quantum walks in 2D and 3D
New J. Phys. 15 073041 (2013)

Aquantum walk showing Poggendorft
Rings due to a conical dispersion relation

(as in graphene)
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Wigner function representation of the Quantum Walk

Journal of Computational and Theoretical Nanoscignce
Vol. 10, 1-8, 2013




Kaon mixing beyond the SM from Nf=2
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from the UTA

N. Carrasco and V. Giménez

First unquenched, continuum limit, LQCD results for the AS=2 weak Hamiltonian matrix
elements describing neutral kaon oscillations in extensions of the SM. Owing to the
accuracy of our calculation, we are able to provide a refined UT analysis improving the
bounds coming from model independent constraints on New Physics.

JHEP 03 (2013) 089, arXiv: 12071267 [hepyla],

Exemples of NP models:

Warped five-dimensional extensions: Randall-Sundrum scenario.
The mass of the Kaluza-Klein excitation of the gluon is (9% c..) M> 43 TeV

Gauge-Higgs unification (GHU) models. M > 65 TeV

B-physics from Nf=2 tmQCD: the Standard
Model and beyond

N. Carrasco and V. Gimenez

Unquenched N=2, continuum limit, LQCD computations of the b-uark mass, the B
and Bs decay constants and the B-mixing bag parameters for the AB=2 weak Hamil-
tonian matrix elements describing neutral B-meson oscillations in the SM and beyond.
We simulate four values of the lattice spacing with pion masses ranging from 280 to
500 MeV. Extrapolation from the charm to the bottom quark region has been carried
out on ratios of physical quantties that have an exactly known infinite mass limt,

arXv:1308.1851 [hep-la].

Results: mb{mb, MS) 4 29(12) GeV
1Bs=228(8) MeV 189(8)MeV  BsifB =1.206(24)
Ds=250(7) MeV D208( eV s/ =1.201(2)
E=1253)  BdVB1=216(10)  fBsB1=262(10)

By using our results for the bag parameters we are able to provide a refined UTA
improving the bounds coming from Bys) - B mixing constraints on New Physics.
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/ Majoron dark matter \

Lattanzi et al, PRD88 (2013)
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Monoonergetic omission line

DARK MATTER

/ WIMP DM and neutrine mass

Hirsch et al. JHEP 1310 (2013) 149
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detectable in X and gamma rays
observatories /
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P DM can participate in the

WIM
Qutﬁnﬂ mass genoration at one loop
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Coleman-Weinberg Inflation Beyond the discovery with B-Bbar :
in light of Planck , D §
in the entangled K-Kbar at a phi-factory
0470 Nigm 1, 10 MY
0965 - The conceptual basis includes the quantum properties
a30E = Entanglement of K-Kbar until the first decay.
i * The two decays as filtering measurements.
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data.
G. Barenboim, E. J. Chung, H. M. Lee, J. Bernabeu, A. Di Domenico, P. Villanueva-Perez,

arXiv: 1309.1695 [hep-ph], PLB (2013) 1 Nuclear Physics B 868 (2013) 102-119
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nvSS and displaced vertices @ LHC Improved t-weapons for Higgs Hunting
* u-from-v Supersymmetric SM
— R-parity breaking terms Allowed Higgs masses in the plane (tan 3, Mu>)
— neutrino masses taking into account the diphoton signal
— enlarged Higgs sector — 125-GeV Higgs strength, b—>sy and tt constraints.

* Very rich phenomenology @ LHC

— long neutralino lifetimes—displaced vertices (DV) mpy, (GeV
— many leptons/taus = multileptons 900 |

Ghosh, Lépez-Fogliani, Mitsou, Mufioz, Ruiz de Austri, G. Barenboim, C. Bosch, M.L. Lopez-lbanez, O. Vives,
Phys. Rev. D88 (2013) 015009 2 JHEP 1311 (2013) 051 and arXiv:1311.7321
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ingenio 2010

2013/007

A. Pich, F. Campanario, G. Chachamis, M. Deak, L. Hosekova, J. Lu, A. Maiezza, |- Mal
V. Mateu, J. Portolés, G. Rodrigo, I. Rosell, P. Ruiz-Femenia, G. Sborlint<

Doctorandos: S. Buchta, A. Celis, J. Fuentes, V. llisie, A. Lami, J. Santos, M. Zahiri Aby-é'rieh :

.-.Phgnomenology of Electroweak Processes:

Effective Field Theories, Flavour Physics

A. Celis, V. llisie, A. Pich

LHC constraints on two-Higgs doublet models, JHEP 1307 (2013) 053

. Towards a general analysis of LHC data within two-Higgs-doublet

models, arXiv1310.7941 (Accepted in JHEP)
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M. Beneke, C. Hellmann, P. Ruiz-Femenia

Non-relativistic pair annihilation of
neutralinos and charginos

I. General framework and S-wave annihilation,
JHEP 1303 (2013) 148

Il. P-wave and next-to-next-to-leading order S-
wave coefficients, JHEP 1308 (2013) 084

B. Jantzen, P. Ruiz-Femenia

NNLO non-resonant corrections to
threshold top-pair production,

PRD 88 (2013) 054011
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ingenio 2010

Doctorandos: S. Buchta, A. Celis, J. Fuentes, V. llisie, A. Lami, J. Santos, M. Zahiri Abyanehi

= Phenomenology of Quantum Field Theories:

Pérturbatlve QCD
V. Mateu, G. Rodrigo, M. Deak, G. Chachamis, G. Rodrigo,
JHEP 1311 (2013) 030 JHEP arXiv:1310.6611
Oriented event shapes at NSLL Heavy quark impact factor in kT-
+ O (a?) factorization
C':l"'l""f"'1""l"'F:
—10E! - 3 £
—"'“!;_: f§:llp5] - _f s F1 Ge
-30F Ll L
; fit | interpolation - E <
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—sof N LT N 3 <
_bos—l L Lasa .-1_’.‘ 1 13 _ :
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) k3 [GeVv
F. Campanario, H. Czyz, J. Gluza, M.Gunia, €’

T. Riemann, G. Rodrigo, V. Yundin, arXiv:1312.3610

QED NLO contributions to the reaction
e*e — p*u vy and their implementation in the
event generator PHOKHARA

S. Buchta, G. Chachamis, |. Malamos,
G. Rodrigo, in preparation

Loop singularities in the loop-tree
duality theorem are restricted to a

finite region
of the loop
momentum
space

N4

G. Sborlini, D. de Florian, G. Rodrigo,
JHEP arXiv:1310.6841

Double collinear splitting amplitudes

at NLO




Hadron Physics and Fundamental Interactions 2013
Pedro Gonzalez, Santiago Noguera, Alexandr Pimikov, Vicente Vento and

Javier Vijande.

e s wm v

Lepuns

The project has two fundamental lines of
research: hadrons

1) hadron structure, specially for

those hadrons associated with heavy
quarks: charm and bottom; 11) the
structure and phenomenology of exotic
hadrons, multiquarks and glueballs; 111)
deep 1nelastic scattering properties of
nucleons and mesons; 1v) nuclear
Interaction 1nside a medium; v) the
behavior of  hadrons at high
temperatures and densities.

... and monopoles study of magnetic monopoles and their detection.
Gran Unified Theories and Strings allow for the existence of magnetic
monopoles. We have studied recently the structure of monopoles from
the theoretical point of view and their impact in the present LHC
experiments (Vicente Vento, Valentina Mantovani Sarti,

arXiv:1306.4213 [hep-ph])



Pion transition formfactor

AN,
f—q
i
[ N N NN f
f+q .
AV VAV, VAV,

A. V. Pimikov et al.,, Phys. Rev. D 87,
094025 (2013). using sum rules
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Noguera et al., arXiv:
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As matter gets compressed density ~ 1/R3 quarks in the lowest band mix with
quarks in the first excited band leading to a delocalization of baryon number

called B= % phase, further compression leads to deconfinement (Valentina
Mantovani Sarti, Vicente Vento., arXiv:1309.0639 [nucl-th]. Phys. Lett. B in 5
press)

peifm ™) pifm ™ Pa tim ™)

Figure 3. Baryvon density profiles inside the Wigner-Seitz cell, for several values of B. The profiles are shown for the ground
state 01 (black line), the top of the lower band (blue line) and the first excited state G = 11 (red line). The three panel are

chosen in order to show, going from the left to right, the confined B = 1 phase (R > 2 fm), the delocalized B = 1/2 phase
(R < 1.2 fm) and finally the deconfined phase (R < 0.9 fm).

- 7 777¥] Valentina Mantovani
410 . meMe e Sarti, Byung-Yoon Park,
e
% » E Xcged Vicente Vento.
z an Int.J.Mod.Phys. A28
;g (2013) 27, 1350136

—E 35
Rinim

Figure 2. Quark eigenvalue as a function of the cell radins R in the CDM. The shaded area represenis the band estimated
following Ref. [36]. The first excited state 17 and the corresponding lower part of the band are also shown.
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Observation: linear relation between EMC slope and short range
correlations 1is too confirmed from a x-rescaling analysis

I | I 1 L
103 1.04

C.A. Garcia Canal, T. Tarutina, Vicente Vento. Eur.Phys.J. A49 (2013) 105



MEMORIA (2013) DEL PROYECTO:

“AGUJEROS NEGROS CUANTICOS, SUPERGRAVEDAD Y COSMOLOGIA”,IP: Maria Antonia Lledo

MIEMBROS: A. Fabbri (RyC), M.A. Lleddé (TU), J. Navarro-Salas, (CU), G. Olmo (JAE dogc, IFIC),
1. Agullé (Marie Curie Fellow, DAMTP, Cambridge, UK), F. Nadal (JAE), P. Galli (FPI)

Hawking radiation in acoustic black holes and white holes:

R. Balbinot, I. Carusotto, A. Fabbri, C. Mayoral and A. Recati, Understanding Hawking radiation from
simple models of atomic Bose-Einstein condensates,

Book chapter of the book Analogue Gravity Phenomenology (SIGRAV School, Como (Italy) 2011), Lect.
Notes. Phys. 870 (2013), 181-219

R. Balbinot, A. Fabbri and C. Mayoral, Hawking effect in BECs acoustic white holes, EPJ Plus 128
(2013), 16

P. Anderson, R. Balbinot, A. Fabbri and R. Parentani, Hawking radiation correlations in Bose-Einstein
condensates using quantum field theory in curved space, Phys. Rev. D87 (2013), 124018

E. Babichev and A. Fabbri, Instability of black holes in massive gravity, Class. Quant. Grav. 30 (2013),
152001 (Fast Track Communication)

A. Fabbri, Observing Hawking radiation in Bose-Einstein condensates via correlation measurements, ar-
Xiv:1212.5392 [gr-qc] (second prize at SIF2012, Astroparticle Physics, Astrophysics and Cosmology
section), // Nuovo Cimento €36 - Colloquia and Communications in Physics - (2013), 99

Massive gravity:

E. Babichev and A. Fabbri, Instability of black holes in massive gravity, Class. Quant. Grav. 30 (2013),
152001 (Fast Track Communication)

-QFT and cosmology

A. Landete, J. Navarro-Salas and F. Torrenti, Adiabatic regularization for spin-1.2 fields, Phys. Rev. D88,
061501(R), (2013)

A. Landete, J. Navarro-Salas and F. Torrenti, Adiabatic regqularization and particle creation for scalar and
spin-1.2 fields, arXiv:1311.4958

I. Agullo and J. Navarro-Salas, Conformal anomaly and primordial magnetic fields arXiv:1309.3435

-Quantum Gravity and cosmology

I.Agullo, A.Ashtekar and W .Nelson, Extension of the quantum theory of cosmological perturbations to the
Planck era, Phys.Rev. D87 (2013) 4, 043507

I.Agullo, A.Ashtekar and W .Nelson, The pre-inflationary dynamics of loop quantum cosmology: Confron-
ting quantum gravity with observations, Class.Quant.Grav. 30 (2013) 085014

-Supergravity

P. Galli, K. Goldstein, J. Perz. ‘'On anharmonic stabilisation equations for black holes’. JHEP 1303 (2013)
036.

P. Galli, T. Ortin, J. Perz, C. S. Shahbazi. ‘Black hole solutions of N=2, d=4 supergraviity with a quantum
correction, in the H-FGK formalism’. JHEP 1304 (2013) 157.

P. Galli, Patrick Meessen, T. Ortin. ‘The Freudenthal gauge symmetry of the black holes of N=2,d=4
supergravity’. JHEP 1305 (2013) 011

P. Galli, Kevin Goldstein, Stefanos Katmadas, Jan Perz. 'Non-supersymmetric Extremal Black Holes:
First-Order Flows and Stabilisation Equations’ 2013. 11 pp.Published in Springer Proc.Phys. 144 (2013)
221-231



m P. Galli, G. Onandia .‘Static, spherically symmetric, charged black holes in four-dimensionalN = 2 su-
pergravity’ 11 pp. iConference: C12-10-17, Barcelona Postgrad Encounters on Fundamental Physics. Pro-
ceedings. p.165-176

-Modified gravity

m F. S. N. Lobo, G. J. Olmo and D. Rubiera-Garcia, “Quadratic Palatini gravity and stable black hole
remnants,” proceedings of the Karl Schwarzschild Meeting 2013, arXiv:1311.6487 [hep-th].

m F. S. N. Lobo, J. Martinez-Asencio, G. J. Olmo and D. Rubiera-Garcia, “Planck scale physics and topology
change through an exactly solvable model,” arXiv:1311.5712 [hep-th].

B G. J. Olmo, D. Rubiera-Garcia and H. Sanchis-Alepuz, “Geonic black holes and remnants in Eddington-
inspired Born-Infeld gravity,” arXiv:1311.0815 [hep-th].

m S. Capozziello, T. Harko, T. S. Koivisto, F. S. N. Lobo and G. J. Olmo, “Galactic rotation curves in hybrid
metric-Palatini gravity,” Astroparticle Physics 50-52C (2013), pp- 65 [arXiv:1307.0752 [gr-qcl]].

m E. |I. Guendelman, G. J. Olmo, D. Rubiera-Garcia and M. Vasihoun, “Nonsingular electrovacuum solutions
with dynamically generated cosmological constant,” Phys. Lett. B 726 (2013) 870 [arXiv:1306.6769 [hep-
th]].

m G. J. Olmo and D. Rubiera-Garcia, “Semiclassical geons at particle accelerators,” arXiv:1306.6537 [hep-th].

m G. J. Olmo and D. Rubiera-Garcia, “Importance of torsion and invariant volumes in Palatini theories of
gravity,” Phys. Rev. D 88 (2013) 084030 [arXiv:1306.4210 [hep-th]].

m F. S.N. Lobo, G. J. Olmo and D. Rubiera-Garcia, “Semiclassical geons as solitonic black hole remnants,”
JCAP 1307 (2013) 011 [arXiv:1306.2504 [hep-th]].

m S. Capozziello, T. Harko, F. S. N. Lobo and G. J. Olmo, “Hybrid modified gravity unifying local tests, galac-
tic dynamics and late-time cosmic acceleration,” Int. J. Mod. Phys. D 22 (2013) 1342006 [arXiv:1305.3756
[gr-gc]]- This paper received an Honorable Mention in the Gravity Research Foundation Essay Com-
petition (2013).

m J. Martinez-Asencio, G. J. Olmo and D. Rubiera-Garcia, “Black holes in extended gravity theories in Pa-
latini formalism,” proceedings of the Spanish Relativity Meeting in Portugal (ERE2012), arXiv:1301.2921

[gr-qgcl].

B G. J. Olmo and D. Rubiera-Garcia, “Nonsingular Black Holes in Palatini Extensions of General Relativity,”
proceedings of the 13th Marcel Grossmann Meeting, arXiv:1301.2430.

m S. Capozziello, T. Harko, T. S. Koivisto, F. S. N. Lobo and G. J. Olmo, “Hybrid f(R) theories, local
constraints, and cosmic speedup,” proceedings of the 13th Marcel Grossmann Meeting, arXiv:1301.2209

[gr-qcl].

m G. J. Olmo and D. Rubiera-Garcia, “Charged black holes in Palatini #£(R) theories,” proceedings of the
13th Marcel Grossmann Meeting, arXiv:1301.2091 [gr-gc].

m S. Capozziello, T. Harko, T. S. Koivisto, F. S. N. Lobo and G. J. Olmo, “The virial theorem and the dark
matter problem in hybrid metric-Palatini gravity,” JCAP 07 (2013) 024 [arXiv:1212.5817 [physics.gen=phl].

m S. Capozziello, T. Harko, T. S. Koivisto, F. S. N. Lobo and G. J. Olmo, “Cosmology of hybrid metric-
Palatini f(X)-gravity,” JCAP 1304 (2013) 011 [arXiv:1209.2895 [gr-qcl]]-

Tesis Doctorales

m P. Galli, ‘Quantum black holes attractors’, Universitat de Valencia, Septiembre 2013. Sobresaliente Cum
Laude. Directora: Maria A. Lledo



@ This sxmmion of Gunaral
Eslativity modifies the imferior
stmcmre of hlack holes replacing
tha singmlarity by a wormshala.
This mmooths, out the geometry and
regrularizos the anargy of the
slectic fisld The charge of thews
objects is ganerated by the electmic
fiux threugh the nonoivial
topology {no wources for the
slecinc feld are thus necswsary)
Thair mass iz geven by the (finita!)
snergy siored in the alectric field
This provides the frst axplicit
realization of the old idea of charge
without charge and s withot
mass introduced by Wheeler. The
sxistence of black bole remmants in
tha bosrast part of the mass and
charge spectrum was not axpected.
They provide a nammral eclntion
i the information loss paradox and
nggest that mew kind: of stabla
massive particles could sxist dua fo
quantum granitatiomal effects
More details in several papers by
Gonzalo I. Olmae -
D Bxbisra-Garcia - FEM. Lobo -
1. Martinez-Asencio -
H .Eanchiz-Aleper

Gravity Group

Black Hole Remnants in Palatini Gravity

B Main result: a theory with Black Holes, Wormbholes, and Remnants.
B The theory: S= = [d*x\/—g [R+1} (aR? + RwR"™)] — 5= [ d*x\/—8EwF"™

B The metric: ds? = —A(x)di + gizdx* + 77 (x)dQ

B The bounce of the radial function 7°(x) signals a Wormhole geometry.

=

_____.‘____=*‘|,7-_

-

B For charges below Ny =, f% = 16.55 there is No Event Horizon!!!

® No horizon = No Hawking instability = Stable Black Hole Remnants.
B Relevant for quantum information loss. dark matter. . ..

Remmon Actividades IFIC-TEO 2013 -p. 272




PARTICLE CREATION IN DE SITTER INFLATION

® We have introduced a new regularization/renormalization method for spin-1/2 particles in
Expanding universes

® We have been able to calculate, for the first time, the energy-density for created Dirac
fermions in de Sitter inflation
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ACTIVIDAD CIENTIFICA: Lattice QCD, Neutrinos, Physical Cosmology

28 publicaciones en revistas
con refereeing

arXiv:1203.6594 (BOSS) ha
sido citado 207 veces hasta
la fecha

22 charlas en conferencias

internacionaies Miembros de las colaboraciones
internacionales
Teaching at International BOSS y nuSTORM
schools: ISAPP, Nordic y de los proyectos europeos

Winter School, Trieste, TASI, | LAGUNA-LBNO y INVISIBLES

Corfu

ACTIVIDAD DIDACTICA Y ORGANIZATIVA

PhD Theses 2 defendidas 4 en curso
Master Theses 1 defendida 2 en curso
Teaching Undergraduate level (UV) and Master level (IFIC and IFT),

tutorias en practicas externas

PhD Courses
organized by SOM

V. Sanz: “Collider physics: a case study”
A.Ibarra: “Dark Matter”
S. Bettini: “Ten lectures on subnuclear physics in the ‘70s”
S. Davidson: “Lepton flavour violation”

Organizacion de
eventos

29 “trobadas”
19 “webinars” (INVISIBLES EU network)
3 organized workshops

Outreach

Coordinacion de eventos de divulgacion de INVISIBLES
1 video de divulgacién, 3 videos de simulaciones
1 canal en youtube: www.youtube.com/user/somific




Fisica teorica nuclear y de muchos cuerpos

Members: E. Oset, J. Navarro, J. Ros, M. J. Vicente-Vacas, J. Nieves, L.
Alvarez-Ruso (RyC), T. Ledwig (pdoc), T. Uchino (pdoc), J. Garzén (doc), F.
Aceti (doc), En Wang (doc), C. Hidalgo (doc), C.W. Xiao (doc), A. Hiller (doc),
J. Morais (doc)

Topics:

v' Dynamically generated three-hadron resonances

v’ Finite volume treatment of scattering of hadrons and limits to phase shifts

extraction from lattice QCD

v Hadron properties (spectroscopy, magnetic moments, form factors) in the

free space and in nuclei

v Neutrino-nucleon and neutrino-nucleus reactions

v’ Chiral perturbation theory with A states

v Heavy quark spin and flavor symmetries

v Dinamica no-lineal y sistemas complejos

v Funcion de respuesta en materia nuclear usando interacciones efectivas
Collaborations:

Granada, Murcia, Salamanca, Barcelona, Cordoba, Madrid, Osaka, Beijing,
Julich, Nara, Kyoto, Bonn, Minesota...
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Signature of an h, state in the J/¢¥» — nh, — nK**K*0 decay
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The local hidden gauge theory predicts

a h; state around 1800 MeV from K* K*bar
interaction. A BES experiment provides a
K* K*bar distribution from this reaction
with a clear peak which is interpreted as a
h, resonance around 1830 MeV. The
combination of the theory and

experiment allows to extract a
new resonance, h,(1830).
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Electroweak Nuclear Reactions at Intermediate Energies



3900 - . Potential fit ] D® Dbar® Molecules

3850 - NG Model | . e e - _
i \\\ Synthetic data —e— | 1N a t]_n]_te bOX !
g 3800 T~ Free Energies ___ n
2 3750 Phys.Rev. D88 (2013) 014510
“ 3700
3650 C. Hidalgo, E. Oset, J.
i { Nieves (IFIC), F.K. Guo
36001 15 2 2.5 3 3.5 ; (Bonn), M PaV().n y M.
Lm., Albaladejo (Paris)

Consequences of Heavy Quark Symmetries for Hadronic Molecules
Phys.Rev. D88 (2013) 054007

TABLE Il. Heavy meson—heavy meson combinations having the same contact term as the X (3872) and Z,(10610), and the
predictions of the pole positions, which are understood to correspond to bound states except if we write “\/” in parenthesis for
denoting a virtual state. When we increase the strength of the potential to account for the various uncertainties, in one case

{marked with T in the table) the virtual pole evolves intc a bound state. The masses are given in units of MeV.
Ve 1J7%) States Thresholds Masses (A = 0.5 GeV) Masses (A = 1 GeV) Measurements
Cox 0(1"") 4(DD*—D"D) 3875.87 3871.68 (input) 3871.68 (input) 3871.68 == 0.17 [34]
0(2*™) D*D* 4017.3 4012+ 401275, ?
0(1**) (BB * —B"B) 10604.4 1058075 10539+2% ?
0(2*™) B*B * 10650.2 10626*8 10584+25 ?
0(2") D*B* 7333.7 7322™*% 7308733 ?
Coz 1(1"7) 4(BB* +B'B) 10604.4 10602.4 % 2.0 (input) 10602.4 % 2.0 (input) 10607.2 + 2.0 [5]
10597 = 9 [35]
1(177) B*B * 10650.2 10648.1 £ 2.1 10648.17% % 10652.2 = 1.5 [5]
10649 =+ 12 [35]
1(177) VLE(DB *+D*D) 3875.87 387174, (V) 383711 (V) 3899.0 % 3.6 4.9 [24]
B 3894.5 + 6.6 + 4.5 [25]
1177) D*D* 4017.3 4013%7, (V) 39831170 (V) 4026.3 + 2.6 [26].

1(17%) D*B* 7333.7 7333.61,, (V) 732812, (V) ?




424 Pub IFICin 2012 362 Pub IFIC in 2013
(ISI Web of Science: Article, Review, Letter) (ISI Web of Science: Article, Review, Letter)

“TEO = EXP “TEO =EXP

Pub TEO por lineas de investigacion 2013
(ISI Web of Science: Article, Review, Letter)
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Gracias a José Valle por su dedicacion durante
todos estos anos al frente de 1a Unidad !




