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Biographical presentation

•Born in 1983 in Cartagena in the Region of Murcia (Spain).
•2001- I started my studies in Physics at the University of Murcia.
•2005 - I received the 1st prize in the physics contest “Celebrando 
la Física” organized by the University of Murcia.
•2006 - I completed my studies with the best grades, receiving a 
special prize for it (Premio extraordinario fin de carrera).
•2007 - I finished the “Master of Advanced Physics”, with 
specialization in theoretical physics, at the University of  Valencia 
(maximum grade in  Master Thesis).
•2007 - I started to work on my thesis under the supervision of 
Prof. Jose Antonio Oller, at the University of Murcia.
•Topic: Relativistic formulations of chiral EFT with baryons and 
application to πΝ scattering.
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•2012 - I defended my thesis, entitled “Baryon Chiral Perturbation 
Theory in its manifestly covariant forms and the study of the πΝ 
dynamics & On the Y(2175) resonance”. (Sobresaliente Cum Laude).
•2014 - Thesis awarded with the “Premio extraordinario de 
doctorado”, given to the best thesis in physics defended in the 
period 2012-2013 at the University of Murcia.
•2015 - Thesis awarded by the Nuclear Physics Division of the 
European Physical Society with the Dissertation Award (2012-2014)
•July 2012 - I started to work in the group of Prof. Marc 
Vanderhaeghen at the Johannes Gutenberg University, Mainz.

•Working with V. Pascalutsa: Nucleon Polarizabilities and μΗ Lamb shift.
•September 2014 - I started to work in Bonn.

•Application of EFT to ab initio many-body nuclear calculations.
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πΝ scattering



πΝ scattering

•Application of chiral EFT with baryons to fundamental hadronic 
reactions:
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•Application of chiral EFT with baryons to fundamental hadronic 
reactions:

•Understanding of the chiral dynamics of the hadronic processes at low 
energies.
•Insight into the internal structure of the nucleon.

•πΝ scattering.
•Fundamental hadronic reaction involving one baryon.
•Long range part of the NN forces.
•Not completely understood in the context of chiral dynamics        
Disagreement with dispersive approaches [Becher and Leutwyler, JHEP (2001)]. 
•Information about the internal scalar structure of the nucleon

•Important hadronic uncertainty in direct detection of DM [Bottino, Donato,  

Fornengo and Scopel, Astropart. Phys. 13, (2000); Astropart. Phys. 18, (2002)] [Ellis, Olive and Savage 

PRD 77, (2008)].
•Formation of elements needed for life [Berengut et. al.,  PRD 87, (2013)].
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•The two manifestly Lorentz invariant schemes were used: Infrared 
Regularization (IR) and Extended-On-Mass-Shell (EOMS).
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�⇡N = 59(7) MeV

•Analysis confirmed point by point by the Roy- 
      Steiner analysis of [Hoferichter et al., PRL 115 (2015)]

[Alarcón, Martín Camalich and 
Oller, PRD 85 (2012)]
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•The relativistic structure is important to agree with 
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•Check the large-Nc relations in chiral EFT.
•We saw that different formulations with Δ are subdominant in Nc.
               They do not modify the correct Nc scaling.
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Summary and Conclusions

•Chiral EFT with baryons is an excellent tool to investigate 
fundamental hadronic interactions involving nucleons on QCD 
grounds.
•πΝ

•Good description of modern scattering data below the Δ peak.
•Agreement with dispersive extractions.
•Extraction of important quantities from phenomenology (         )

•Forward doubly virtual Compton scattering
•Prediction of polarizabilities in agreement with MAID model and 
experimental data           Improves previous ChPT predictions.

•Nuclear Lattice EFT
•Fundamental piece in ab initio many-body nuclear calculations.

•Further improvements possible including spin-flavor symmetry.
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Polarizabilities
•Relativistic baryon chiral EFT with electromagnetic probes:

•Scalar and spin VVCS Polarizabilities.
•Scalar Polarizabilites:

0.00 0.05 0.10 0.15 0.20 0.25 0.30
0

5

10

15

Q2 !GeV2"

ΑE1
P "ΒM1

P !10$4 fm3"

0.00 0.05 0.10 0.15 0.20 0.25 0.30
0

5

10

15

20

Q2 !GeV2"

ΑE1
n "ΒM1

n !10$4 fm3"

0.00 0.05 0.10 0.15 0.20 0.25 0.30
0

1

2

3

4

Q2 !GeV2"

ΑL
n !10"4 fm5"

0.00 0.05 0.10 0.15 0.20 0.25 0.30
0

1

2

3

4

Q2 !GeV2"

ΑL
p !10"4 fm5"

LO HB
LO BChPT

MAID

BChPT+Δ

Babusci et al, PRC 57 (1998)

Liang, PRC 73 (2006)

V. Olmos de Leon, et al., 
EPJ A 10 (2001)

J. M. Alarcón (HISKP Bonn)



LO BChPT

MAID

BChPT+Δ

IR+Δ

BChPT+Δ*

(Γ1p) Prok et al., PLB 672 (2009)

[Bernard et al., PRD 87 (2013)]

[Bernard et al., PRD 67 (2003)]

LO HB
[Kao et al., PRD 67 (2003)]

•Some interesting moments:
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Moments of nucleon structure functions at next-to-leading order
in baryon chiral perturbation theory
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We obtain leading- and next-to-leading-order predictions of chiral perturbation theory for several prominent
moments of nucleon structure functions. These parameter-free results turn out to be in overall agreement with
the available empirical information on nearly all of the considered moments, in the region of low momentum
transfer (Q2 < 0.3 GeV2). Especially surprising is the situation for the spin polarizability δLT , which thus far
was not reproducible in chiral perturbation theory for proton and neutron simultaneously. This problem, known
as the “δLT puzzle,” is not seen in the present calculation.

DOI: 10.1103/PhysRevC.90.055202 PACS number(s): 12.39.Fe, 13.60.Fz, 14.20.Dh

I. INTRODUCTION

The recent advent of muonic hydrogen spectroscopy [1]
is probing the limits of our understanding of the nucleon’s
electromagnetic structure. The unveiled discrepancy in the
charge radius value between probing the nucleon with
muons [1,2] or electrons [3,4] is only 4%, but is of great
statistical significance (5 to 8 standard deviations) at the
current level of precision. Interestingly enough, the accuracy of
both muonic-hydrogen and electron-scattering measurements
is limited by the knowledge of subleading effects of nucleon
structure, entering through the two-photon exchange (TPE).
The main aim of our present studies is to provide predictions
for these contributions from first principles using a low-energy
effective-field theory of QCD, referred to as the baryon chiral
perturbation theory (BχPT); see, e.g., [5].

In this endeavor we are primarily concerned with the
doubly-virtual Compton scattering (VVCS) process which
carries all the nucleon structure information of the TPE.
Unitarity (optical theorem) relates the imaginary part of the
forward VVCS amplitude to nucleon structure functions, and
then the use of dispersion relations allows one to write the
low-energy expansion of VVCS in terms of moments of
structure functions [6]. The low-energy expansion of VVCS
can, on the other hand, be directly computed in χPT. Of course,
not all of the moments enter the low-energy expansion of
VVCS: either only odd or only even ones do, depending on
the structure function. Here we shall present the leading-order
(LO) and next-to-leading-order (NLO) BχPT predictions for
the following moments:

αE1(Q2) + βM1(Q2) = 8αMN

Q4

∫ x0

0
dx xF1(x,Q2), (1a)

αL(Q2) = 4αMN

Q6

∫ x0

0
dx FL(x,Q2), (1b)

γ0(Q2) =
16αM2

N

Q6

∫ x0

0
dx x2gT T (x,Q2), (1c)

δLT (Q2) = 16αM2
N

Q6

∫ x0

0
dxx2[g1(x,Q2) + g2(x,Q2)],

(1d)

d̄2(Q2) =
∫ x0

0
dx x2[2g1(x,Q2) + 3g2(x,Q2)], (1e)

IA(Q2) =
2M2

N

Q2

∫ x0

0
dx gT T (x,Q2), (1f)

&1(Q2) =
∫ x0

0
dx g1(x,Q2), (1g)

where

FL = −2xF1 +
(
1 + 4M2

Nx2/Q2)F2, (2)

gT T = g1 −
(
4M2

Nx2/Q2)g2, (3)

and F1,2, g1,2 are respectively the unpolarized and polarized
inelastic structure functions, which depend on the photon
virtuality Q2 and the Bjorken variable x = Q2/(2MNν), with
MN the nucleon mass and ν the photon energy; x0 corresponds
with an inelastic threshold, such as that of a pion production;
α is the fine-structure constant.

These moments have already been the subject of intense
experimental studies [7–13], including an ongoing experimen-
tal program at Jefferson Laboratory [14,15]; see Ref. [16]
for a review. The first four moments have the interpretation
of generalized nucleon polarizabilities [6], d̄2 at high Q2

represents a color polarizability [17] or a color-Lorentz
force [18], IA is the generalized GDH integral, and &1 is the
Bjorken integral.

II. RESULTS AND DISCUSSION

We have computed the VVCS amplitude to next-to-next-
to-leading order (NNLO) in the χPT expansion scheme with
pion, nucleon, and ((1232) degrees of freedom, where the
(-nucleon mass difference ( = M( − MN ≃ 300 MeV is
an intermediate small scale, viz., the “δ expansion” [19,20].
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